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1. Introduction & description of the task  
 
Participants ITENE (leader)  
 
Aim of the deliverable  

This deliverable "Data on the effectiveness of risk management measures" is part of the work in task 3.5. 
and involved partner n°42 (ITENE) and 21 (INRS). The aim of this deliverable is to provide the industry and 
regulators with a list of robust testing methods and reliable data on the effectiveness of common risk man-
agement measures, hereinafter RMMs, including local exhaustive ventilation (LEV) systems, respiratory, 
dermal and eye protective equipment.  
 
One of the main conclusions of deliverable 3.9 is a severe knowledge gap on the effectiveness of currently 
available RMMs during nanomaterial production and handling processes. The objective of the activities con-
ducted within task 3.5 is to help bridge this gap by providing a reliable methodology to obtain quantitative 
data on the effectiveness of personal protective equipment (PPE) and engineering controls (ECs) when deal-
ing with NMs in dry form and/or dispersed in liquid.  
 
To do so, the activities within this task included: 

1. Identification, compilation and critical analysis of published harmonized standards on RMMs perfor-
mance testing, including ISO1, ASTM2 and AS/NZ3 Standards.  

2. Development of adapted standard operating procedures (SOPs) to evaluate the effectiveness of 
RMMs against NMs. 

3. Experimental validation of the SOPs developed under controlled conditions using a nanoaerosol 
testing chamber designed by ITENE.  

4. Testing activities and reporting 
 
Among the core regulatory questions for work package 3, the work described in this present deliverable  
addresses question n°15 "Risk Management”, which can be divided into 3 main “themes” or questions:  
 

 How can exposure to engineered nanomaterials (ENMs) be minimized / eliminated?  
 Are risk management measures, in particular existing personal protective equipment, effective and 

sufficient when hazards and/or risks are high, uncertain or unknown?  
 Should the RMM be different from bulk powders? 

 
Background Information  

As nanotechnology applications move from research laboratories to industrial and commercial settings, the 
likelihood of workplace exposure and industrial releases will tend to increase in the near term, and there-
fore, producers and users of engineered nanomaterials should take appropriate measures to ensure a safe 
and healthy work environment, and prevent release of ENMs into the environment.  
 
Workers who use nanotechnology in production processes or research may be exposed to ENMs mainly 
through inhalation, skin contact or ingestion. Examples of operations that may lead to direct contact and 
emission of ENMs from workplace operations are: 

 Production, handling or use of solid, dusting or airborne nanoparticles as well as dispersions. 
 Packing / Bag filling from laboratory to industrial scale facilities 
 Abrasive machining of materials containing ENMs (e.g. milling, polishing, sanding, etc.). 
 Processes that are not completely contained. 
 Interfaces between contained and open process steps (e.g., loading and un-loading, sampling, etc. 
 Waste disposal. 

                                                      
1 ISO - International Organization for Standardization 
2 ASTM - American Society for Testing and Materials 
3 AS/ZN Australian/New Zealand Standards 
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 Re-suspension of particulates from surfaces, e.g. from external housing of vacuum cleaners contam-
inated with nanoparticles or fibres 

 Cleaning and maintenance of process equipment and operation facilities and transport activities 
 

Control plays a crucial part in the protection of workers’ health. Legislation requires the hazards and risks to 
be controlled. If it is not practicable to eliminate the risks, then the risks need to be reduced through substitu-
tion or engineering controls (ECs), being the last level of control the provision of personal protective equip-
ment (PPE). 
 
The research and use of ENMs continues to expand and information about potential health effects and ex-
posure limits for these nanoparticles is still being developed. Where information on the toxicity of a specific 
nanomaterial is unknown or unclear, a precautionary approach should be adopted and it should be assumed, 
until proven otherwise, that the specific particulate nanomaterial represents a hazard to health. 
 
Therefore, wherever reasonably practicable, exposure to ENMs by all routes (inhalation, dermal and inges-
tion) should be eliminated or controlled to the lowest reasonably practicable level following the principles 
of the hierarchy of controls. In most cases a combination of elimination, substitution, engineering controls 
(ECs), administrative controls and personal protective equipment (PPE) are chosen to effectively control the 
risks. 
 
In view of the above, and considering the growing production of ENMs to develop high-tech applications, 
there is an urgent need to define adequate risk management measures to mitigate and control the expo-
sure to ENM and their agglomerates, and aggregates.  
 
The framework for occupational risk management applied to engineered nanomaterials takes into account 
the traditional industrial hygiene hierarchy to avoid and/or control the exposure of workers to ENMs. Thus, 
these approaches comprise elimination or substitution, process enclosure, engineering control, procedural 
control, and personal protective equipment (PPE).  
 
The substitution or elimination approach is difficult due to the need of consider changes in the physicochemi-
cal and structural properties of the ENMs that can compromise further applications in the market. Therefore, 
a crucial step to protect workers is to enhance the knowledge on the effectiveness of current technical 
measures and personal protective equipment, in particular local exhaust ventilation (LEV) systems, res-
piratory protective equipment, dermal protection (hands and body), and safety goggles, considering the route 
of exposure in the workplace.  
 
Basics on Risk Management  

Risks should be reduced to the lowest reasonably practicable level by taking preventative measures, in order 
of priority. Therefore, wherever reasonably practicable, exposure to hazardous particles and liquids, includ-
ing ENMs, by all routes (inhalation, dermal and ingestion) should be eliminated or controlled to the lowest 
reasonably practicable level following the principles of the hierarchy of controls.  
 
The hierarchy of controls is a systematic approach to manage safety in workplaces by providing a structure 
to select the most effective control measures to eliminate or reduce the risk of certain hazards that have 
been identified as being caused by the operations of the company. The hierarchy of control involves the fol-
lowing steps: 

1. Elimination  
2. Substitution  
3. Technical measures - Engineering controls (ECs) 
4. Organizational measures (use of administrative controls) 
5. Personal Protective Equipment (PPE) 

According with the hierarchy of controls, if the potential hazard cannot be eliminated or substituted with a 
less hazardous or non-hazardous substance, then technical measures should be installed and tailored to the 
process or job task, and while other more effective controls are being developed or installed, or if there are 
no other more effective way to control the hazard, personal protective equipment (PPE) shall be employed. 
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A well-known variant of the general principle of the hierarchy of control is referred to as the “STOP-principle”, 
a risk management principle based on the implementation of strategic, technical, organizational and personal 
measures. The STOP principle priority gives priority to strategic measures (S), including elimination and 
substitution, technical measures (T), organizational and administrative measures (O), and personal protec-
tion (P).  
 
Within this principle, if it is not practicable to eliminate the risks, then the risks need to be reduced through 
substitution of processes or substances giving a less hazardous results, or the implementation of technical 
measures, being the last level of control the provision of personal protective equipment (PPE).  
 
In most cases a combination of substitution, technical measures, organizational measures and personal 
protective equipment (PPE) are chosen to effectively control the risks. Table 1 provides an overview of the 
measures defined under the STOP principle.   
 
Table 1. STOP principle basic measures  

Priority Measures  Examples   

1 S measures   
(Strategy)  

Substitution of processes or substances  
Redesigning / Modifying processes 
Low-emission forms or processes 

2 T measures 
(Technical) 

Enclosing/isolating  
Exhaustive ventilation  
Setting/design of operation 

 3 
O measures   
(Organizational) 
  

Training  
Work instructions  
Strategic planning  

4 P measures 
(Personal) 

Respiratory protection  
Dermal protection  
Eye protection  

 

Under normal operating conditions, these measures must be 
combined to obtain the required level of protection. The elimi-
nation and substitution (S measures) are rarely possible in 
practice when working with NMs, therefore technical and per-
sonal measures shall be implemented.  

Technical measures (Ventilation) 

This measures are commonly known as engineering con-
trols, acting on the trajectory between the source and the 
worker. Technical measures protect workers by limiting the 
propagation or by removing, catching or neutralizing harmful 
substances (e.g., general ventilation, local exhaustive ventila-
tion, substance neutralization, or air purification).  
 
Local Exhaustive Ventilation (LEV) systems are the preferred 
methods to remove contaminants generated in a work space 
We consider under NANoREG only exhaustive systems (Fig-
ure 1), commonly used in industrial settings to reduce employ-
ee exposure to harmful substances (dust, mist, fume, vapour, 
gas) in the workplace.  
 
The selection of the right type of LEV system depends on the 
process, physical and chemical properties of the contaminant 
(i.e. NMs), its hazards, the sources to be controlled, and expo-
sure benchmarks. Table 2 contains information on the types 
and specifications of common LEV systems.  

 

  Figure 1. Local exhaust ventilation hoods 

Capturing -
Downdraft Hood

Receiving - Canopy Hood

Enclosing
Partial enclosures

(booths)
Simple capturing
Hood (moveable)

STOP Principle 

The hierarchy of controls and 
the STOP principle establish 
priorities in the following order: 

(1) Strategic measures  
(2) Technical measures  
(3) Organizational measures  
(4) Personal measures 
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Table 2. Specifications of common local exhaust ventilation systems  
 

Type Specifications Examples 

Enclosing 
Hoods 

Completely or partially enclose the pro-
cess and contaminant generation point. 

- Glove Box (complete enclosure) 
- Downflow room (complete enclosure) 
- Horizontal/downward laminar flow booth 
- Laboratory Hood (partial enclosure) 
-    Paint spray booth (partial enclosure) 

Capturing 
Hoods 

Located next to an emission source 
without surrounding (enclosing). 

- Movable LEV systems (extendable arms) 
- HEPA filtered down flow booth 
- Fixed capturing hoods 
- On-tool extraction 

Receiving 
Hoods 

Designed to "receive" or catch the con-
taminant, which is propelled into the 
hood by process-induced air movement. 

- Canopy Hoods 

 

The evaluation of the effectiveness is based on the characterization of the capture efficiency or containment 
factor (Cf) through experimental measurements (qualitative or quantitative) and computational fluid dynamics 
(CFD) simulation models. A variety of quantitative and qualitative methods described under UNE-EN 14175-
4, UNE-EN 1822 and ASHRAE 52 2007 can be used to assess LEV performance. 

Personal protective equipment (PPE) 

There are many types of protective equipment, each of them with specific applications and use require-
ments: Respiratory (to protect against adverse health effects caused by breathing contaminated air), Eye 
and face (to protect from the hazards of flying fragments, hot sparks and chemical splashes), skin (should 
be used when an exposition to harmful substances can occur) and noise (to prevent damage to hearing as 
well as physical and physiological stress when exposed to high noise levels).  
 
No single combination of protective equipment and 
clothing is capable of protecting against all hazards. 
Thus PPE should be used in conjunction with other 
protective methods, including exposure control proce-
dures and equipment. An overall view of the main char-
acteristics and performance of those PPEs studied 
under the scope of the project is provided below:  

Respiratory protection equipment (RPE) 

Respiratory protective equipment (RPE) is a device that 
protects an individual from the inhalation of harmful 
airborne substances and/or an oxygen-deficient atmos-
phere. Figure 2 shows example of commonly used 
equipment.  
 
There are two distinct types of respiratory protective 
devices: 
 
 Filtering devices (air purifying): these devices 

purify the ambient air to be breathed using filters 
able to remove contaminants in the air. These res-
piratory protective devices consist of two main com-
ponents, a facepiece and filter(s). The filter can be 
for protection against particles (particle filters), gas-
es/vapours (gas filters) and for protection against 
particles and gases/vapours (combined filters). 

 

   
a. Filtering devices  

  

b. Breathing apparatus (air supplied) 

 
Figure 2. Examples of common respiratory 
protective equipment (RPE) 
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 Breathing apparatus (air supplied): these devices supply the wearer with breathable air (e.g. com-
pressed air), or breathable gas, (e.g. compressed oxygen) from an uncontaminated source. These respir-
atory protective devices consist of two main components, a face piece and a means of supplying uncon-
taminated breathable air or gas.  

The protection factor is defined as the capacity of the respiratory protection device to reduce the levels of 
exposure to acceptable levels. This protection factor (PF) is commonly calculated as the ratio between the 
breathing zone concentration of the contaminant outside the face-piece and the concentration inside the 
face-piece of the contaminant in a correctly functioning protective device.  
 
This PF depends of the fit factor (FF), which represents a quantitative measure of the fit of a particular respi-
rator to an individual, and the filter efficiency, which is measured according with European standards such as 
EN 143 and EN149. In this sense, In Europe, CE marked respirators such as FFP1, FFP2 and FFP3 types 
meet minimum filtration efficiencies of 78, 92 and 98 %, respectively.  

Chemical protective gloves  

Appropriate hand protection must be worn when hands are exposed to hazards such as skin absorption of 
harmful substances, severe cuts, lacerations or abrasions, punctures, chemical or thermal burns and harmful 
temperature extreme. This chapter focusses specifically in protective gloves against chemicals.  
 
Chemical protective gloves are designed to protect against a wide variety of chemicals, including protective 
gloves that offer splash protection for minimal chemical exposure and products that provide protection for 
applications involving full chemical immersion.  
 
Protective gloves against chemicals and micro-organisms are impermeable to air and manufactured in a 
wide range of elastomers, including nitrile, polyvinyl chloride (PVC), neoprene, polyvinyl alcohol (PVA), natu-
ral rubber latex, laminated film, butyl or viton/butyl gloves. 
 
The level of protection of the glove against a chemical 
depends mainly on the type of material and the specific 
chemical.  
 
This level of protection is determined based on the re-
sistance to penetration (i.e. movement of a chemical 
and/or micro-organism through porous materials, seams, 
pinholes or other imperfections in a protective glove ma-
terial), and the material's resistance to permeation of a 
chemical in laboratory conditions. This parameter is 
measured in terms of a passing time or Breakthrough 
time (see Table 3).  
 
This Breakthrough time, in minutes, serves to classify the glove material into six classes or levels, from Class 
1 to 6. The manufacturer should refer in its prospectus to the chemical tested and to the permeation classes 
obtained. Considering penetration, a glove shall not leak when tested with an air and water leak test, and 
shall be tested and inspected in compliance with the acceptable quality level. Permeation is different from 
penetration. Penetration occurs when the chemical leaks through seams, pinholes and other imperfections in 
the material. Permeation occurs when the chemical diffuses or travels through intact material. 

Protective clothing  

Chemical protective clothing are garments specifically designed to shield or isolate individuals from the 
chemical, physical, and biological hazards that may be encountered during hazardous materials operations.  
 
Protective clothing against chemicals is made of different polymeric materials or textiles, being classifies in 
several types depending on airtightness offered to liquids, dust and gases. In this sense, the European Un-
ion has identified six protection levels (Types) to facilitate the choice of chemical protective clothing. Table 
4 shows these levels of protections and related physical forms of the chemical for which they are intended. 
 

Breakthrough time  Class or level of 
performance 

> 10 minutes 1 
> 30 minutes 2 
> 60 minutes 3 
> 120 minutes 4 
> 240 minutes 5 
> 480 minutes 6 

Table 3. Classification of protective gloves 
according to their resistance to permeation 
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Table 4. Types of suits and use for which they are intended 
 

 
Physical form of the pollutant 

Vapour, gas Liquids Sprays Light sprays 
Small splashes 

Dust, particles 
Fibers  

Type Clothing type 
1a, 1b, 1c y 2 

Clothing 
type 3 Clothing type 4 Clothing type 6 Clothing type 5 

Pictogram 
     

 
Performance of protective clothing (types 1-6) to obtain expo-
sure reduction values are carried out according standard tests 
in the laboratory (quantitative or pass/fail) for repellence, re-
tention, and penetration, permeation, or pressure/jet.  
 
It should be noted that for chemical protective clothing, not 
only material but also suit's design plays a fundamental role in 
protecting. Of this latter will depend the tightness of the 
equipment, i.e., the resistance to entry of chemicals, in its 
different presentation forms (powders, liquids and gases) 
through seams and joints. 
 
The CE marking means that chemical protective clothing 
meets certain minimum requirements. However, it does not 
mean that chemical suits of the same Type offer the same 
level of protection performance. This is why it is essential to 
look at the results of the tests carried out on the material used 
to make the garment. 
 
In the case of chemical protective clothing, permeation and 
penetration are of special relevance. Permeation Resistance 
describes the resistance of materials used in protective 
clothing to permeation by liquid or vapour chemicals with 
either continuous or intermittent contact. Penetration re-
sistance and repellency measure the indexes of penetration, 
absorption and repellency of protective clothing material 
exposed to liquid chemicals, mainly of low volatility.  
 
When working with ENMs, the barrier efficiency of chemical protective clothing against aerosols of dry and 
fine dusts is of special interest (ISO 13982). The characterization of the barrier efficiency is based on the 
determination of the inward leakage of aerosols of fine particles into suit.  

Eye protection  

Eye and face protection must be provided whenever necessary to protect against chemical, environmental, 
radiological or mechanical irritants and hazards. Several types of eye protectors currently exist, including:  
 
- Safety glasses  
- Safety googles (tight-fitting eye protection)  
- Face shields: usually transparent sheets of plastic that extend from the eyebrows to below the chin and 

across the entire width of the employee’s head.  
 
An appropriate protector or combination of protector must be selected on the basis of the hazards that work-
ers may be exposed to, considering flying particles, dust, sparks, or injuries optical radiation, among other 
potential hazards. In the specific case of ENMs, several requirements for droplet (splash) or dust protection 
can be applied to support a proper evaluation of the effectiveness of the eye protection equipment.  
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State of the art  
 
knowledge, data, and test methods on PPE and technical measures for NMs are still very limited, even 
though the first commercial products specifically advertised for protection against NM have started being 
marketed. 
 
Most of the research activities related with the evaluation of the effectiveness of risk management measures 
have been limited to respiratory protective equipment, and only a limited number of studies have reported 
information on the effectiveness of chemical protective and/or protective clothes.  
 
Table 5 shows a compendium of the studies conducted by several research groups on the effectiveness on 
personal protective equipment against nanomaterials.  
 
Table 5. Published studies on the effectiveness of respiratory and dermal protective equipment against na-
nomaterials.  
 

PPEs Type ENM Size 
(nm) 

Efficiency (ENMs) Certified    
efficiency 

Reference 

Fi
lte

rin
g 

fa
ce

pi
ec

e 
re

sp
ira

to
rs

 (F
FP

) 

N95 (free of oil aerosols) 
NaCl 20–500 

P95 > 85 % 
N95 > 91 – 99 % 

> 95 % Gao S, et al. 2015 
P95 (oil resistant) 

N95  
NaCl 10–400 

98.79 - 99,10% > 95 % 
Vo E, et al. 2015. 

P100  99.77 - 99,98% > 99.97 % 
FFP1 

NaCl 93-1600 
93.60 – 95.00% > 78 % 

Lee SA, et al. 2016 FFP2 91.90 – 93.50% > 92 % 
FFP3 86,50 – 93.90% > 98% 
N95 

NaCl 7 – 289 
96,90% 

> 95 % Ramirez JA, et al. 2016  
N95 94,70% 

N95 
NaCl 50 - 200  

81,10% > 95 % 
Huang et al; 2007. 

FFP1 94,20% > 78 % 
N95 

NaCl 8 - 400 

98,47% > 95 % 
Rengasamy et al; 
2011b,  

P100 99,23% > 99.97 % 
FFP2 65,30% > 92 % 
FFP3 97,80% > 98% 
N95 A NaCl 10 - 600 94 - 95,00% > 95 % BaŁazy, A. et al. 2006 

N99  
NaCl < 0,1 μm 

95,50 – 97.40 > 99 % Eninger, R. M., et al.. 
2008.  N95 B 96,60% 

> 95 % 
N95 C NaCl 45 - 52  97,30% Mostofi et al; 2011;  

H
al

f-m
as

k 
re

sp
ira

to
r 

N95  
NaCl 10-400 

>99,49% > 95 % 
Vo E, et al. 2015  

P100  99.98 - 99,99% > 99.97 % 

P
ro

te
ct

iv
e 

cl
ot

he
s 

Cotton fabric 
Graphite 35 - 40 

F.F.E: 73,00% >70 % 
Golanski L, et al. 2009 

HD Polyethylene textile F.F.E: 99,40% > 99.7 % 

Cotton fabric TiO2 9 - 90 F.F.E: 73% >70 % 
Golanski L, et al. 2010, 

HD Polyethylene textile Pt 9 - 19 F.F.E: 99,40% > 99.7 % 

Woven and fibrous fabrics NaCl 100- 500 F.F.E: 50 - 80% > 97 % Huang S.H, et al. 2007 

Nonwoven fabrics (A,B,C) 
NaCl 14 – 400 

F.F.E: A, B, C >99% > 99.7 % 
Ben Salah, et al 2016 

Woven fabrics (D, E) F.F.E: 91.5% > 97 % 
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PPEs Type ENM Size 
(nm) 

Efficiency (ENMs) Certified    
efficiency 

Reference 
P

ro
te

ct
iv

e 
gl

ov
es

 Nitrile  TiO2 NPs 5nm 
Penetration  
observed 

Only for 
liquids 

Vinches et al. 2011 

Nitrile / Neoprene /Latex/ 
Vinyl 

Graphite 40 nm No penetration  
Golanski et al. 2009a 

Latex / Nitrile Silver 90 nm 
Penetration  
observed 

Park et al. 2011 

Nitrile and latex glove  
Nanoclay
Al2O3 

 No penetration 
Ahn et al. 

 
T.I.L: Total Inward Leakage 
FFE: Fabric Filtration Efficiency 
 
As can be derived from the table, in some cases, conflicting results have been found mainly due to differ-
ences on the experimental set up, including differences in the characterization measures, time of exposure 
and/or specifications of the samples tested.  
 
Considering these conflicting results, as well as the current lack of harmonized approaches, In the 
NANoREG project, we proposed a work plan based on the definition of reproducible and robust standard 
operating procedures (SOPs) based on principles and procedures stablished in existing standards, as well 
as experimental approaches retrieved form peer reviewed publications.  
 
In this deliverable, the data on the effectiveness of RMMs against ENM is illustrated by several experimental 
studies performed at ITENE which took into account ENMs of different nature and size distribution, as well as 
relevant operative conditions conducted under common industrial processes and laboratory activities.  
 
The activities conducted within NANoREG highlight two main challenges linked with this type of study. The 
first is to understand the process parameters that can influence the penetration of ENMs through protective 
equipment. The second is to consider the variability on the specifications on the personal protective equip-
ment available on the market. 
 
Finally, it shall be noted that more research is needed in this field to understand the mechanisms of penetra-
tion of ENMs and the different interactions between the ENMs and the elastomeric pieces of respiratory and 
eye protective equipment to enhance the protection factors when dealing with materials in the nanoscale.  
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2. Description of the work and main achievements  
 
2.1 Scope and Technical approach and basics on risk management  
 
Task 3.5 is focused on the evaluation of the effectiveness of common risk management measures to prevent 
or minimize exposure to engineered nanomaterials (ENMs) during the specific workplace situations of pro-
duction and downstream use processes, including data on the effectiveness of ventilation systems (LEV) and 
personal protective equipment (PPE) against ENMs.  
 
The selection of risk management measures studied under the scope of the task was conducted considering 
the needs and opinions of the industry. To this end, a tailored designed questionnaire was distributed to a 
number of SMEs and large companies producing and/or using nanomaterials in order to support the selec-
tion of currently available controls. Table 6 depicts the types of RMMs selected under the scope of the tasks. 
 
Only personal protective equipment and technical measures available on the market were considered under 
the scope of the project.  
 
Table 6. RMMs studied within task 3.5 
 
Exposure 
route 

RMM Type Measures  NANoREG Selection  

Inhalation  PPE Respiratory protective 
equipment (RPE) 

Filtering Face piece (FFP) 
Half-Face mask (HM) 
Full-Face mask (FM) 

Dermal  PPE Chemical protective 
gloves (DPE-Gloves) 

Nitrile  
Latex 
Neoprene  
Vinyl 
Butyl 

Dermal / 
Body PPE Protective clothing  

Disposable Protective coveralls  
Ventilated / pressurised protective suit 
Laboratory coats 

Eye PPE Eye protection  Safety glasses  
Safety googles (tight-fitting eye protection) 

All ECs Ventilations systems 
Ventilated Laboratory Hood (partial enclosure)  
Movable LEV systems (extendable arm) 
Custom-fabricated enclosures  

 
 
The list of performance factors evaluated to study the level of protection provided by PPE and ventilation is 
depicted in table 7. This level of protection “performance factor” is defined as a product (risk management 
measure) characteristic which tells us quantitatively how capable the product is in reducing the risk (directly 
or indirectly). Within the project, the performance factors to be studied were determined by studying literature 
and current standards.  
 
A thorough study of relevant publications was conducted to define the most relevant performance factors for 
each of the risk management measures considered. As a first step, a review of journals was undertaken for 
each type of RMM. A computer search using Google Scholar, PubMed and Web of Science was conducted 
to locate peer-reviewed publications that quantitatively reported results on the performance of RMMs.  
 
Besides the above, standards were gathered from ISO/CEN/BSI/ASTM/AS-NZ and guidelines from OECD-
WPMN/NIOSH/ICON/OSHA. Also reports/websites from FP6 and FP7 projects were scrutinized.  
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Table 7. Performance factors studied within the NANoREG project  
 

Measures  RMM Type  Performance 

Respiratory protective 
equipment (RPE) 

Filtering Face piece (FFP) 
 

Total Inward Leakage (TIL) 
Nominal protection factor (NPF) 

Half-Face mask (HM) 
Full-Face mask (FM) 

Inward Leakage (IL) 
Total Inward Leakage (TIL) 
Nominal protection factor (NPF) 

Dermal protective equip-
ment  

Chemical protective gloves 
(DPE-Gloves 

Permeation 
Penetration 
Nominal protection factor (NPF) 

Protective clothing Total Inward Leakage (TIL) 
Nominal protection factor (NPF) 

Eye protection Safety glasses  
Safety googles Total Inward Leakage (TIL) 

Ventilation Local Exhaustive ventilation Capture efficiency (Cf) 

 
 
The activities conducted within task 3.5 covered the list of controls and performance factors identified in table 
1 and 2 respectively. The methodological approach followed to evaluate the level of protection provided by 
RMMs against ENMs was divided into 4 main sub-task, considering: (1) identification, compilation and critical 
analysis of published harmonized standards on RMMs performance testing; (2) development of adapted 
standard operating procedures (SOPs); (3) experimental validation of the SOPs developed under controlled 
conditions, and (4) experimental testing.  
 
Figure 3 depicts this approach. A more detailed explanation of the activities conducted within each sub-task 
is provided in chapters 2.2 to 2.6.  
 
 

 
Figure 3. Main activities conducted within NANoREG – Task 3.5  
 
The activities depicted in the figure were complemented by a thorough review of the performance levels pub-
lished in peer reviewed publications, as well as the design and setting up of devices to support the experi-
mental evaluation of the effectiveness of PPEs and ECs against ENMs.  
  



 
 

NANoREG Deliverable 3.09 
Page 18 of 105 

2.2 Identification, compilation and critical analysis of published harmonized 
standards, including ISO and ASTM. 

 
A complete review of current harmonized standards, as well as guidelines published by relevant organiza-
tions (i.e. OECD WPMN, U.S. NIOSH, and EU OSHA) was conducted to support the design and develop-
ment of standard operating procedures (SOPs).  
 
The sources of information compiled and reviewed included: 

• Standards from ISO (International Standards Organization) at international level, CEN (European Com-
mittee for standardization) at European level, BSI (British Standards Institution) and ASTM (American 
Standard testing method). 

• Guidelines and reports from the Organisation for Economic Co-operation and Development (OECD), the 
European Agency for Safety and Health at Work (OSHA) or the US National Institute for Occupational 
Safety and Health (NIOSH). 

• References from European FP6/7 projects and scientific peer reviewed literature 
 
Published standards and relevant references compiled were studied in depth in order to elucidate infor-
mation on the specific requirements of the experimental set up to be applied, including the necessary equip-
ment to perform the tests (flow meters, vacuum pumps, valves and other relevant devices), calibration re-
quirements, materials such as laboratory reagents and samples, the critical parameters influencing the test 
(temperature, pressure, humidity, air flow, etc.) and the average cost of the test.  
 
The evaluation of the adequacy and feasibility of the testing methods defined in harmonized standards 
and/or proposed under different peer reviewed publications was conducted considering potential constrains 
related the specific properties of ENMs, including low solubility, stability in dispersion, or aggrega-
tion/agglomeration ratio, among others.  
 
A scoring system was developed to support a quantitative assessment of the adequacy and feasibility of the 
testing methods. Only testing methods with a score above 20 points were classified as adequate to be used 
for ENMs. The scoring system and criteria selected are depicted on table 8. 
 
Table 8. Scoring system and related selection criteria  

 
 
A total amount of 58 key standards dealing with the evaluation of the performance of relevant RMMs were 
finally retrieved from the sources consulted. In detail, 31 standards are related with the effectiveness of res-
piratory equipment, 5 with dermal protection, 17 with protective clothing, 2 with safety glasses, and 3 more 
with safety shoes. Moreover, 10 standards refer the effectiveness and performance of ventilation systems.  
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Table 9 summarizes the most relevant harmonized standards identified according with the RMM and perfor-
mance factors included under the scope of task 3.5.  
 
Table 9. Main standards applied to evaluate the effectiveness of RMMs  

Standards  RMMs / Description  
Respiratory Equipment  
EN 149:2001+A1:2009 Filtering half masks to protect against particles 
EN 405:2002+A1:2009 Valved filtering half masks to protect against gases or gases and particles 

EN 1827:1999+A1:2009 Half masks without inhalation valves and with separable filters to protect against 
gases or gases and particles or particles only 

EN 136:1998/C2:2007 Full face masks – Requirements, testing, marking 
EN 140:1998/C1:2000 Half masks and quarter masks – Requirements, testing, marking 
EN 143:2000/A1:2006 Particle filters – Requirements, testing, marking 
EN 13274-7:2008 Respiratory protective devices. Part 7: Determination of particle filter penetration 

EN 13274-1:2001 Respiratory protective devices. Part 1. Determination of inward leakage and total 
inward leakage 

EN 13274-2:2001 Practical performance tests 
Dermal Protection 
EN 374-2:2003 Determination of resistance to penetration 
EN 374-3:2003 Determination of resistance to permeation by chemicals 

EN 16523-1:2015 Determination of material resistance to permeation by chemicals – Part 1: Permea-
tion by liquid chemical under conditions of continuous contact 

Protective Clothing  

ISO 13982-2:2004 Protective clothing for use against solid particulates. Part 2: Test method of deter-
mination of inward leakage of aerosols of fine particles into suits 

EN 14325:2004 Test methods and performance classification of chemical protective clothing mate-
rials, seams, joins and assemblages 

EN 14605/A1 Performance requirements for clothing with liquid-tight (Type 3) or spray-tight 
(Type 4) connections. 

EN 13034:2005 
+A1:2009 

Performance requirements for chemical protective clothing offering limited protec-
tive performance against liquid chemicals (Type 6 and PB [6]) 

ISO 17491-4:2008 Test methods for clothing providing protection against chemicals.  
Part 4: Determination of resistance to penetration by a spray of liquid (spray test) 

Footwear protecting against chemicals 
EN 13832-2:2006 Requirements for footwear resistant to chemicals under lab. Conditions 
Eyes Protection 
EN 168:2001 Personal eye protection – Non-optical test methods 
ANSI Z87.1-2015 Personal eye protection. Eye and face protector for occupational applications 
Ventilation 
EN 14175-4 Fume cupboards – Part 4: On-site test methods 
ANSI/ASHRAE 110-1995 Method of Testing Performance of Laboratory Fume Hoods 
DIN 12927 Ductless filtering fume enclosures – Requirements, test 

ASRAE 52 2007 Method of testing general ventilation air-cleaning devices for removal efficiency 
by particle size 

EN 1822:2009 Filter medium test, filter leakage test and filter overall efficiency test. 

 
A compendium of 11 standards were finally selected as reference harmonized standards on the basis of the 
results of the scoring system applied, as well as their applicability to the types of PPE and engineering con-
trols selected under the scope the project. Table 10 includes the list of selected standards and related per-
formance factors.  
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Table 10. List of selected standards to evaluate the effectiveness of RMMs under NANoREG 

Standards  RMMs  Performance factor  

EN 13274-1:2001 Respiratory protective equip-
ment (RPE) 

Penetration, P (%): Inward leakage (IL) and 
Total inward leakage (TIL) 
Efficiency (%): P (%) – 100 
Nominal protection factor (NPF) 

EN 13274-7:2008 Respiratory protective devices:  
Particle filters  Penetration, P (%)  

EN 374-2:2003 

Chemical protective gloves   

Resistance to penetration 
EN 374-3:2003 Resistance to permeation 

EN 16523-1:2015 Resistance to permeation under conditions of 
continuous contact 

ISO/CD 19918 “ Cumulative permeation of chemicals with low 
vapour pressure through materials” 

ISO 13982-2:2004 Protective clothing for use 
against solid particulates 

Nominal Protection factor (NPF) and Total 
average inward leakage (TILA). 

EN 168:2001 Personal eye protection – Non-
optical test methods 

Protection against gases and fine dust parti-
cles AS/NZS 1337:1:2010 

Personal eye protection. Eye 
and face protector for occupa-
tional applications 

UNE-EN 14175-4:2005 
ANSI/ASHRAE 52 2007 Local Exhaustive ventilation Capture Efficiency (Cf) 

UNE-EN 1822  
ASHRAE 52 2007 Local Exhaustive ventilation Capture Efficiency (Cf) 

 
 
2.3 Setting-up of facilities and equipment  
The second activity conducted under task 3.5 focused on the definition, design and development of proper 
equipment and facilities to conduct the evaluation of the effectiveness of respiratory protection equipment, 
chemical protective gloves, protective clothing, and engineering controls. 
 
The study and evaluation of the harmonize standards revealed the need for considering specific equipment 
to conduct the experimental evaluation of the performance factors defined under relevant harmonized stand-
ards (see table 10). The research team from ITENE analysed in detail these needs, including:  
 

1. Test facility requirements, including temperature limits, humidity and pressure.  
2. Properties and concentration of the test substance (ENMs) 
3. Specifications of the measurement devices, including measurement principle, limit of detection (LoD) 

and limit of quantitation (LoQ) 
4. Conditioning of samples prior to testing 

 
Detailed information on the test facilities and equipment designed and developed to support the experimental 
evaluation of the risk management measures selected under the scope of the project is provided below:  
 
 Test Facility 

The evaluation of the performance of personal protective equipment and local exhaustive ventilation systems 
shall be conducted under controlled conditions, including temperature, pressure and humidity. Moreover, the 
experimental procedures defined in current harmonized standards state specific concentrations to be tested, 
as well experimental conditions that can be achieved only in properly designed testing facilities.  
 
To cope with this situation, an exposure testing chamber was specifically designed and assembled to allow 
the evaluation of the performance factors of a representative range of PPE and engineering controls against 
NMs following standardized protocols.  
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The specifications and operating conditions of the test chamber were defined by a multidisciplinary panel of 
experts from ITENE. The testing chamber was designed considering three main testing areas, including a 
laminar airflow testing room, specifically designed to evaluate the effectiveness of local exhaustive ventila-
tion systems and particle filter penetration, a smaller vertical tubular airflow room, designed to perform the 
evaluation of the performance of respiratory protective equipment and protective clothing, as well as Safety 
Access System (SAS), commonly used in ISO class clean rooms. This SAS room is designed to maintain a 
positive pressure, and therefore, ensuring that the tested ENMs remain inside the testing rooms. 
 
The ventilation system (blowing unit) is a key element of the testing activities, being located on the roof of the 
chamber, especially designed to allow the maintenance of the chamber, as well as the installation of new 
elements. The chamber was equipped with a digital control panel to regulate the flow and adjust the pres-
sure inside the chamber. Under normal operating conditions, the chamber is designed to achieve a 60Pa 
negative pressure inside the laminar test room. The pressure in the smaller test room can be maintained in - 
10Pa, while the SAS is normally operating at +30Pa. These conditions are optimized to avoid uncontrolled 
diffuse emissions of ENMs. The external dimensions excluding ventilation systems are approximately (L) 
4200 x (W) 4350 x (H) 2500mm. Figure 4 depicts the structure and main components of the chamber. 
 

 
Figure 4. Scheme of the nanoaerosol testing chamber   

 
The structure of the test chamber is made of white partition walls of 50 and 60 mm, commonly named sand-
wich panels.  These panels meet the UNE-EN 14509:2006/AC: 2009 standard, and are covered with an anti-
static resin to reduce the electrostatic interaction with airborne nanoparticles. The wall junctions were 
smoothed using cove-shaped profiles in order to make cleaning easier, reducing at the same time the likeli-
hood of generating a turbulent flow. 
 
The quality of the air inside the chamber is controlled by means of a HEPA filtering unit fitted in the cham-
bers. This HEPA filtering unit is designed to remove any nanomaterial or particulate matter from the air, 
avoiding the release of nanomaterials outside the room. To this end, a ventilation system based on H14 
class HEPA filters able to collect NMs was considered. Figure 5 shows several stages of development of the 
chamber. 
 

                                                  
Figure 5. Overall view of the testing chamber used to support the testing activities within NANoREG 
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The laminar flow room was designed to allow the simulation of common operative conditions, including pack-
ing and unpacking dry ENMs, mixing operations, sieving, or drilling, among others. This room was also de-
signed to locate a powder aerosol generator, a NaCl particle generator, as well as a range of tailored de-
signed devices to be used during the testing operations- 
 
The smaller room was equipped with a drainage system to collects water effluents generated during the de-
termination of resistance to penetration of protective suits by a spray of liquid (spray test). This room was 
also designed to locate specific equipment to be used to support the evaluation of the effectiveness of pro-
tective suits and respiratory protection equipment.  
 
Figure 6 shows a general vision of the internal space of the testing chamber.  
 

       
 
 
Figure 6. Left: General vision of the internal area of the laminar flow room. Center: Testing set up conducted 
in the vertical flow test room. Right: Spray test performed using ENMs dispersions.  
 
 
The smaller room was equipped with a drainage system to col-
lects water effluents generated during the determination of re-
sistance to penetration of protective suits by a spray of liquid 
(spray test). This room was also designed to locate specific 
equipment to be used to support the evaluation of the effective-
ness of protective suits and respiratory protection equipment.  
 
Figure 7 shows the particle penetration testing device designed 
to conduct the evaluation of the performance of chemical protec-
tive suits.  Both Safety Respirator Cartridges and HEPA/ULPA 
filters used in LEVs can be tested.  
 
 
 Aerosol generation: NaCl and metal oxides nanoparticles 

The experimental protocols defined in selected harmonized standards require the use of non-toxic gases or 
particles to perform the studies. The use of sodium chloride (NaCl) is the preferred solution according with 
peer reviewed publications and harmonized standards, being selected as testing substance.   

The generation of NaCl particles was achieved by means of a submicrometer aerosol generation system 
composed of constant output atomizer (TSI 3076), a diffusion dryer (TSI 3062) and an aerosol Neutralizer 
(TSI 3012). The principle of the NaCl aerosol generation method is based on the atomization of a NaCl solu-
tion and evaporation of the solvent in order to obtain dried salt particles (figure 8). Compressed air first pass-
es through a Filtered Air Supply, where the air is cleaned and dried. This conditioned air is used to power a 
Constant Output Atomizer (TSI 3076).  

 
Figure 7. Filter penetration     

testing device 
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In particular, the solution, obtained by dissolving NaCl in deionized water, is constantly drawn from a plastic-
coated glass bottle into the atomizing section through a vertical passage (Bernoulli effect) where is atomized 
by the high-velocity air jet produced by the compressed air expanding through an orifice. The atomization 
leads to the formation of droplets with a mode of 350 nm and a standard deviation less than 2.  

 
Figure 8. Detailed scheme of aerosol generator system  

The droplet size distribution and concentration can be partially regulated by changing the air pressure (1.5–
2.5 bar; TSI Inc., 2005). Therefore, large droplets are removed by impaction on the wall opposite the jet, 
whereas small droplets leave the atomizer moving to the diffusion dryer to complete the water absorption as 
the wet aerosol passes through. Therefore, the generation process theoretically produces one dry salt parti-
cle for each solution droplet. 

The aerosol produced by this atomization technique was characterized in terms or particle number concen-
tration and particle size distribution by means of a Condensation Particle Counters (CPCs, 3007 TSI), which 
measure particle concentrations up to 106 #/cm3 for particle sizes ranging from 10 nm to 1 μm, an Optical 
Particle Sizer (OPS, 3330 TSI), which measures distributions with sizes from 300 nm up to 10 μm, with con-
centrations as high as 3000 #/cm3, and a portable scanning mobility particle sizer (Nanoscan 3910), which 
allows the characterization of the particle size distribution for particles sizes ranging from 10 to 420 nm.  

The particle size distribution of the aerosol generated depend on the concentration of the solute. Some ex-
amples of this difference can be seen in table 11. In general, it was used the 0.05% concentration. 
 
Table 11. Geometric mean diameter of the nebulized material 
 

NM Concentration 
(% in 1000 ml miliQ H O) Dpg (nm) Granulometry 

NaCl 

0.0001 11 
 

 

 

 

 

 

0.001 14 

0.01 18 

0.05 21 

0.1 22 

Besides NaCl, other solutes such as SiO2 and TiO2 can be used to generate airborne nanoparticles using 
this methodology. To generate dry NMs from other materials, such as metal oxides, graphene or carbon 
nanotubes, or powder constituents in general, powder aerosol generator can be used as an alternative.  
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 Specifications of the measurement devices 
 
The evaluation of the efficiency of common PPE and ventilation systems is commonly based on the charac-
terization of the concentration of particles at different sampling positions. The selection of the measurement 
technology and equipment depends on the minimum and maximum concentration levels of the test sub-
stance, as well as the specific metric to be considered, commonly mass, number concentration, and particle 
size distribution.  
 
Within task 3.5, aerosol concentrations and size distributions were measured using instrumentation specifi-
cally designed for the measurement of airborne nanoparticles. These instruments are based on different 
physical principles and thus measure different properties and ranges depending on their scope.  
 
Two kinds of instruments were used, real-time devices, which provide specific characteristics at the time of 
the event, and offline instruments, which require further analysis, such as filtering samplers. A detailed list of 
the most generally used instruments is shown in table 12. 
 
Table 12. Measurement devices to assess nanoparticle exposure 

Device Physical principle / Metrics Method Ranges 

Condensation Parti-
cle Counter (CPC – 

TSI 3007)  

  

Particles grow into larger alcohol droplets and are 
counted through an optical detector. It does not 
classify in particle size. 
 

Online 
6-1000 nm 

< 105 part/cm3 

Optical Particle Sizer  
(OPS – TSI 3330) 

 

Based on light scattering equivalent diameter. 
Classifies in number concentration and particle 
size. 

Online 
300 – 10000 nm 
< 103 part/cm3 

NanoTracer (Philips 
Aerasense) 

 

Measures both particle concentrations and average 
particle diameter and also infers lung-deposited 
surface area and mass. 

Online 
10 – 300 nm 

< 105 part/cm3 

NanoScan SMPS (TSI 
3910) 

 

It combines the NanoScan SMPS and the Optical 
Particle Sizer technologies to measure three orders 
of size magnitude in  1 minute for size distributions 
or even 1 second for single size data. 

Online 
10 nm - 10 μm 
106 part/cm 3 
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2.4 RMM testing approaches 

A detailed description of the experimental set up designed and applied within NANoREG to evaluate the 
effectiveness of personal protective equipment and technical measures against nanomaterials is detailed 
under this chapter.  

2.4.1. Testing of respiratory protective equipment (RPE) 

 Efficiency (E) and particle penetration (P) 

The evaluation of the effectiveness of respiratory protective equipment focused on the characterization of the 
Total Inward Leakage (TIL), understood as a quantitative measure of the penetration of particles into the 
respiratory protection device (RPD), including face seal, valves and gaskets, and penetration through the 
filter, and Inward Leakage (IL), which refers to the penetration of particles into RPD excluding filters.  
 
The experimental set up designed is based on the generation of a NaCl particles in the nanometer range 
using the abovementioned submicrometer aerosol generation system, and the characterization of the con-
centration of NaCl nanoparticles in aerosol upstream and downstream of the respiratory protective devices 
tested.  
 
Respiratory protective equipment with different specifications were tested in the test bench designed by 
ITENE. As stated previously, a polydisperse NaCl aerosol was employed to measure the TIL and IL of parti-
cles through a sample of different types of respiratory protective devices. Polydisperse aerosols were gener-
ated using a NaCl solution with a constant output atomizer (TSI 3076) and passed through a dryer, a charge 
neutralizer, and then conducted to a plexiglas box containing a Sheffield head or test chamber where a test 
subject is exposed to NaCl aerosols.  
 
In detail, in order to produce the NaCl nano-aerosol, 0.5 g of NaCl were weighted and dissolved in 1 L of 
water. A bottle with the NaCl solution was put above a magnetic stirrer and connected to the Constant Out-
put Atomizer. Flow was adjusted to 4 L/min and the pressure was set in 2.4 bar. The nebulized material was 
passed through a silica gel desiccant with the aim to remove the water droplets and the remaining humidity, 
in order to avoid agglomeration or aggregation effects. After, a neutralizer is placed to remove most of the 
charge of the generated particles, avoiding electrostatic effects. During the generation of the aerosol, the 
solution was continuously agitated with a magnet. Finally, when the concentration of NaCl NPs in the cham-
ber was stabilized, experiments were carried out 
 
Varying concentrations of NaCl solutions (0.01–0.5%) were employed to produce different size monodis-
perse sucrose aerosol particles at 10.000 particles/ cm3 concentration. In each experiment, the size of NaCl-
particles generated by the aerosol generation system was verified using a portable scanning mobility particle 
sizer and an optical particle sizer.  
 
The upstream and downstream aerosol number concentrations and size distributions (10–1000 nm range) 
are measured for 5 min using an Optical Particle Sizer Model 3330 (TSI, USA) and a Scanning Mobility Par-
ticle Sizer Model 3910 (TSI, USA). Condensation Particle Counter Model 3007 (TSI, USA) was employed to 
quantify the particle number concentration. Testo 435 Multifunction Measuring Instrument (Testo, Germany) 
was used to check the temperature and humidity.  
 
Figures 9 and 10 show the experimental set up designed to evaluate the effectiveness of respiratory protec-
tive devices against nanomaterials. Figure 9 shows a sheffield head “headform” placed in a sealed acrylic 
chamber (30x30x30 cm3). This headform is manufactured with a rigid moulded core, covered with polyure-
thane to simulate flesh/skin. During the experiment, the test aerosol is generated and conducted to the test 
box where a recirculating clean and dry air is flowing.  

Figure 10 shows a scheme of the experimental set up designed to evaluate the effectiveness of respiratory 
protective devices in human subjects. The study is conducted on 10 subjects having different facial dimen-
sions, including face length, face width, face depth, and mouth width. The experiments are conducted ac-
cording to the EN 13274-2:2001 standard, where the human subject is placed inside a test chamber and 
expose to a known concentration of a test aerosol, usually NaCl aerosol. 
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Figure 9. Test bench to evaluate the effectiveness of RPD using a head form  

 

 
 
Figure 10. Experimental set-up to evaluate the effectiveness of RPE on human subjects  
 
 
During the test, the human subject walks on a treadmill at a constant velocity of 5 km/h, and is asked to per-
form a series of exercises, including: 1) walk for two minutes without moving the head or talking; 2) moving 
the head from side to side (about 15 times) as inspecting the walls of a tunnel for 2 minutes; 3) move the 
head up and down (about 15 times) as inspecting the floor and the ceiling for 2 minutes; 4) recite aloud the 
alphabet or an agreed text, as if it were communicating with a partner, for 2 minutes, and 5) walk for two 
minutes without moving the head or speak. The particle number concentration downstream and upstream of 
the protective respiratory device tested are measured in each exercise to calculate particle penetration level.  

 Particle filter penetration (P) 

The evaluation of the particle filter penetration is based on the procedures defined in the harmonised euro-
pean standards for personal protective equipment EN 13274-7. The test is carried out in a metal box cham-
ber in which an aerosol containing NaCl nanoparticles is inserted and diluted with clean and dry air. The 
metal box is equipped with a filter holder especially designed to contain particulate filters, including filter car-
tridges, as well as universal's HEPA and ULPA particle filters specially designed for use in local exhaustive 
ventilation systems.  Figure 11 shows a schematic view of the experimental set up for filter penetration.  
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The environmental conditions during particle penetra-
tion test are maintained at 25°C and 30% relative 
humidity. The aerosol is charge-neutralized, diluted 
with filtered air, and conducted into the metal box 
chamber to generate a steady-state concentration. 
The aerosol generation was started and allowed to 
stabilize for five min. 
 
The particle penetration (P) is calculated as the ratio 
of the level of NaCl particles measured upstream and 
downstream of the filter being tested by means of 
direct reading measuring devices, including a portable 
scanning mobility particle sizer (NanoScan SMPS 
3910; TSI, Inc.) in scanning mode and an ultrafine 
condensation particle counter (CPC  3007; TSI, Inc). 
 

2.4.2. Testing of chemical protective gloves   

The evaluation of the effectiveness of chemical protective gloves against nanomaterials is based on the pro-
cedures defined on the harmonised european standards EN 347-3 “Protective gloves against chemicals and 
micro-organisms.Part 3. Determination of resistance to permeation by chemicals” and ISO/CD 19918 “Pro-
tection against chemicals-Measurement of cumulative permeation of chemicals with low vapour pressure 
through materials” 
 
The measurement of the permeation is carried out at a tem-
perature of 23 °C (±1°C). The test is carried out using a two-
chambered permeation cell made of Teflon (figure 12). To 
conduct the experiment, either water or solvent based dis-
persion of nanomaterials, are introduced in the exposure 
chamber and put in contact with the external surface of the 
glove samples during a period of ranging from 1 to 8 hours.  
 
In case of powder nanoparticles, a thin circular nitrile mem-
brane is placed on top of the sample to enclose the particles 
and prevent them from dispersing in the exposure chamber.  
 
The bottom half of the two-chambered permeation includes 
a sample holder where a fine porosity filter media is located.  
 
During the experiment, a piece of the glove to be tested is placed over the filter media where the nano-
materials able to permeate through the glove are retained. The filter media is further analysed by several 
nanoparticle detection techniques, including involved field emission gun SEM/ TEM microscopy and induc-
tively coupled plasma mass spectrometry (ICP-MS). 
 

2.4.3. Testing of protective clothing    

The evaluation of the effectiveness of protective clothing against nanomaterials is based on the procedures 
defined on the harmonised European standard EN 13982-2 2005 “Protective clothing for use against solid 
particulates. Part 2. Test method of determination of inward leakage of aerosols of fine particles into suits”.  
 
This method focusses on the characterization of the penetration of nanomaterials through chemical protec-
tive clothing (CPC). This test essentially determines the total inward leakage (TIL) of the protective suit test-
ed when challenged with sodium chloride particulates of a defined size distribution. The total inward leakage 
results  are reported as a ratio (in %) of the test particle concentration inside the suit & the test chamber. 

 
Figure 12. Setup for protective gloves 
testing. Resistance to permeation. 

 
 
Figure 11. Setup for filter penetration testing 
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The experimental set up tests can be performed using a mannequin or human subjects (volunteers). The test 
in conducted in a testing chamber where a polydisperse NaCl aerosol is conducted into the test chamber 
“cabin”  to generate a steady-state concentration.  
 
During the experiment, a human subject or a mannequin wearing the protective is placed inside the cham-
ber, where the environmental conditions are maintained at 25°C and 30% relative humidity. Beneath the 
protective suit, the human subject or the mannequin has three measuring probes attached (one on the 
chest, one at the waist and one at the knee), which are used to measure the concentration of nanomaterials 
inside the suit.  
 
A sheath flow of clean dry air is supplied during the experiment inside the suit at the same flowrate as the 
measuring devices are suctioning in order to no create depression or a false result. The sleeve ends of the 
suit, as well as seams, closures, zips, etc. are sealed to avoid penetration through opened parts and only 
test the suit material. 
 
The measurement of the concentration of particles in the chamber or cabin an inside the suits are conducted 
using a portable scanning mobility particle sizer (NanoScan SMPS 3910; TSI, Inc.) in scanning mode, an 
optical particle sizer (OPC 3330; TSI Inc), and an ultrafine condensation particle counter (CPC  3007; TSI, 
Inc). 
 
In the experiments conducted on human subjects, the subject was placed inside the chamber and asked to 
perform the test exercises in the following order: (I) Standing still, (II) walking at 5 km/h, (III) continuous 
squatting at a frequency of 5 squats/minute. The time for each exercise in each sampling position was 3 
minutes.  
 
A schematic representation of the assay performed and the location of the sampling positions to study the 
efficiency of protective suits is shown in figure 13. 
 

 
 

Figure 13. Setup for the test of fine particles penetration into protective suits. Sampling positions: 1. Chest 
(right side); 2. Waist (back, left side); 3. Knee (right side).  
 
As required by EN 13982-2 2005, six suits are tested.The percentage of nanoparticles that penetrate inside 
the protective suit (P%) was calculated as follows: 

 
 
Where c2 represents the concentration of nanoparticles in the atmosphere and c1 is the concentration of 
nanoparticles found inside the suit (particles/cm3). To determine the performance classification, the total 
average inward leakage value per activity (standing, walking and squatting) is calculated (TILA). 
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2.4.4. Testing of eye protection equipment (safety glasses and safety googles)  

The evaluation of the effectiveness of eye protection equipment was conducted following the American Na-
tional Standard for Occupational and Educational Personal Eye and Face Protection Devices ANSI/ISEA 
Z87.1-2015.  
 
The test method is based on the generation and dispersion of nanosized NaCl inside a sealed acrylic cham-
ber (30x30x30 cm3) where a sheffield head “headform” is placed. During the experiment, the test aerosol is 
generated and conducted to the test box where a recirculating clean and dry air is flowing.  
 
The particle penetration (P) is calculated as the ratio of the level of NaCl particles measured upstream and 
downstream of the eye protection device being tested by means of direct reading measuring devices, includ-
ing a portable scanning mobility particle sizer (NanoScan SMPS 3910; TSI, Inc.) in scanning mode and an 
ultrafine condensation particle counter (CPC  3007; TSI, Inc). 

2.4.5. Testing of Local Exhaustive Ventilation Systems (LEVs)  

 Capture efficiency of fume hoods (E) 

The evaluation of the effectiveness of fume hoods was conducted following the procedures defined on the 
ES harmonised standard EN 14175-4.2005 “Fume cupboard. Part 4. On site test method” and ASHRAE 52 
2007 “Method of testing general ventilation air-cleaning devices for removal efficiency by particle size.  

The test method is based on the generation and dispersion of nanosized NaCl inside the work space of a 
fume cupboard. The containment factor is defined as the ratio of calculated concentration of NaCl in the work 
space of the fume cupboard to the measured concentration in the inner or outer measurement plane.  
 
The method proposed is based on the use of test gas injector which consists of a punctured hollow stainless 
steel (SS) cylinder. A dispersion of nanosized NaCl is generated by with a six jet atomizer, dried, neutralised 
and connected to the injector to disperse 50 nm NaCl particles. The release point is located 200mm from the 
plane of the sash. 
 
The measurement of the concentration of NaCl 
particles outside the fumehood is conducted by 
means of a sampling grid made of stainless steel 
tubes. Figure 14 shows the experimental set up 
designed under NANoREG. The capture efficiency 
(Cf) of the tested fumehood is estimated compar-
ing the concentration at 100% aerosol capture 
(C100) area  and the measured mean concentra-
tion (Cm) at different sampling points. Besides this 
methodology, several tests were conducted meas-
uring the concentration of nanomaterials at four 
different locations while a human subjects perform 
a list of operations inside the fumehood. Such op-
erations include handling of dry particles, pouring 
and packing. 
 
The sampling probes are placed at the intersection of the two horizontal and three vertical stainless steel 
tubes that conform the sampling grid. Each sampling probe is connected with a portable particle counter 
(CPC  3007; TSI, Inc) to measure the concentration of NaCl particles outside the fumehood. The test was 
conducted considering 3 different sampling points. One test was performed with the sampling grid located at 
the plane of the sash opening of the fumehood.  
 
A second test was conducted with the sample probes places 100 mm from the plane of the sash. Additional-
ly, a third test was conducted with a mannequin placed behind the probe grid, 250 mm from the plane of the 
sash. 
 
 

   
 

Figure 14. Experimental set up for effectiveness 
testing of laboratory fume hoods 
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 Capture efficiency of capturing hoods (E) 

The evaluation of the effectiveness of capturing hoods was 
conducted following the procedures defined on the harmo-
nised standard EN 1822 “High Efficiency air filters. Part 1. 
Classification, performance testing, and marking” and 
ASHRAE 52 2007 “Method of testing general ventilation air-
cleaning devices for removal efficiency by particle size. 
 
The test is based on the use of a simulated emission 
source by means of a diffusor pipe system connected to a 
six jet atomizer generating 50 nm NaCl particles. The diffu-
sor pipe is made of 10 mm internal diameter stainless steel 
tubes, which were perforated with 3 mm holes. Figure 15 
shows the diffusor pipe used within the project.  
 
During the experiment, NaCl particles are conducted to the 
diffusion system, which is located inside a testing room 
where the environmental conditions are maintained at 25°C 
and 30% relative humidity. First 100 % aerosol capture 
(C100 ) is calculated measuring the concentration of nano-
materials inside the duct when the capturing hood is located  
at a distance not  higher than 100 mm from the source. The 
capture efficiency (Cf) of the tested hood is based on the 
measurement of the particle number concentration and size 
distribution inside the duct considering different face veloci-
ties and source-hood distances.  
 
 
2.5  Design and development of standard operating procedures (SOPs) for RMM 

testing against NMs 
 
The standard operating procedures were developed following the structure of ISO standards, including   
related standards and references, purpose and performance factors, detailed description of the methods and 
instrumentation. The structure and main contents of the standard operating procedures developed within 
task 3.5. is depicted below:  
 

Cover page, including document history and version control  
 

1. Scope and objectives of the SOP 
Chapter 1 defines the types of risk management measures covered by the SOP, reference stand-
ards, and main goal of the operating procedure.  

2. Definitions  
Chapter 2 contains definitions of technical terms used within the operating procedure.  

3. Performance factor and principle of the method  
Chapter 3 clearly defines the performance factor to be characterized under the scope of the proce-
dure, as well as the working principle of the operating procedure.  

4. Requirements  
Chapter 4 defines basic considerations of the procedure, including minimum number of samples and 
replicates, testing concentration, sample conditioning, and issues concerning health and safety. The 
structure of the chapter can be split as follows:  

4.1. Number of Samples  
4.2. Testing Concentration  
4.3. Conditioning 

 
Figure 15. Experimental set up for testing 

the effectiveness of capturing hoods 
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4.4. Replicates and control  
4.5. Safety and health 

5. Measurement Equipment 
Chapter 5 provides information on the specifications of the equipment to be used to characterize the 
performance of the RMM under the scope of the procedure.  

6. Pre-requisites 
Chapter 6 includes a list of elements to be considered before starting the test, including sampling 
storage, visual examinations or pre-testing, among others.  

7. Operating procedure 
Chapter 7 details the steps to be conducted to evaluate the performance of the risk management 
measures to be studied under the scope of the operating procedure. The experimental set-up and 
testing protocol are detailed in figures to support the reproduction of the procedure.  

8. Calculation procedure 
Chapter 8 provides instructions to analyse the data and calculate the values of the performance fac-
tors defined under the scope of the procedure.  

9. Validation criteria 
Chapter 9 provides information on the quality criteria to be considered to validate the results of the 
test completed.  

10. Data treatment and reporting 
Chapter 10 provides instructions to report the results of the test, including recommended forms, units 
and contextual information to be provided.  

11. References 
Chapter 11 provides a list of related harmonised standards and peer reviewed publications.  

 
2.6  Experimental validation of the SOPs developed under controlled conditions 

The developed SOPs were validated prior to the beginning of the experimental activities in order to confirm 
the reproducibility and robustness of the SOPs. To this end, a number of validation studies were specifically 
designed and conducted under controlled conditions to support a quantitative evaluation of the potential dif-
ferences in the performance factors values resulting from test conducted by different technicians.  
 
The validation studies conducted are listed below:  

1. Stability of the concentration of NaCl particles in the nanoaerosol testing chamber, plexiglas box and 
metal box chamber in which the evaluation of the effectiveness of personal protective equipment and lo-
cal exhaustive ventilation systems is conducted.  

2. Variability of temperature and relative humidity during the testing activities.  
3. Variability among replicates 

The validation studies were conducted by different technicians in ITENE, ensuring the transferability of the 
information provided in each SOPs. A brief description of the validation studies conducted in provided below:  
 
1. Stability of the Particle concentration  

According with harmonised standards, the variation of the concentration of the test substance in the chamber 
is set to be below 10% among the duration of the experiment. However, variations below 10% are not possi-
ble when considering the measurement of the concentration of ENMs in terms of particle number concentra-
tion (pt/cm3), and not mass (mg/m3).  
 
This issue is mainly due to the variability of the measurement of the concentration of ENM using particle 
counters, as well as the error associated to the measuring device (± 20%). As can be derived from figure 16, 
the variation measured in the chamber during each experiment is 21% in average. This issue was not con-
sidered as a limitation of the protocols due to the slight variation in terms of mass concentration. It should be 
noted that a minimum of stability has to be considered when performing the experiments. 
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Figure 16. Variation in concentration in the room during each experiment and its average. 
 
2. Variability of Temperature and humidity  

Other relevant parameters to be considered during the testing activities are the relative humidity and tem-
perature within the exposure chamber. A high humidity would lead to high levels of agglomeration and con-
centration, and a high temperature could provoke sweating of the tester, demoting the fitting of the PPE.  
 
Researchers from ITENE evaluated and monitored variation on the particle concentration and temperature 
during a number of experiments. Both temperature and particle concentration are variables of prime im-
portance to ensure the replicability and robustness of the test.   
 
An air conditioning unit regulates the climatic conditions on the chamber, and they are recorded throughout 
the duration of the experiment. In figure 17, it can be seen how the temperature in the chamber increases 
slightly (2ºC maximum) during the repetitions of the protocols, although the humidity decreases to some de-
gree. Nevertheless, both remain well within the limits, which are between 16ºC and 32ºC and below 60% of 
moisture. 
 

 
 

Figure 17. Variation of Temperature (left, solid lines) and relative Humidity (right, dashed lines) along the 
duration of the replicates of experiments. 
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3. SOP reproducibility.  Variability among replicates 

 
The reproducibility of each SOP was evaluate by means of the analysis of the deviation among three repli-
cates.  A complete statistical analysis of the performance factors determined in each protocol was conduct-
ed, including the comparison of mean, minimum and maximum values retrieved from each test and perfor-
mance factors, and the analysis of the standard deviation of the performance factor studied in each test.  
 
The analysis of the variability was also used to introduce improvements, and hence, refine the experimental 
set initially designed to perform the test.  
 
 
2.7  Testing activities and reporting 
 
The testing activities conducted within the project and performance factor analysed are depicted in the table 
below:  
 
Table 13. Overall view of PPE and technical measures tested under the framework of the project.      

RMM Type Sample ID Models Particles Size 

Respiratory 
protective 
equipment  

Particulate filter  NR1 PF_P2 Model A NaCl 42 ± 2 

NR2 PF_P3 Model A NaCl 42 ± 2 

NR3 PF_P2 Model B NaCl 42 ± 2 

NR4 PF_P3 Model B  NaCl 42 ± 2 

Filtering face 
piece  

NR5 FFP_1 Model A NaCl 42 ± 2 

NR6 FFP_2 Model A NaCl 42 ± 2 

NR7 FFP_3 Model A NaCl 42 ± 2 

NR8 FFP_1 Model B  NaCl 42 ± 2 

NR9 FFP_2 Model B  NaCl 42 ± 2 

NR10 FFP_3 Model B  NaCl 42 ± 2 

Half Mask NR11 HM_P2 Model A NaCl 42 ± 2 

NR12 HM_P3 Model A NaCl 42 ± 2 

NR13 HM_C Model A NaCl 42 ± 2 

Half Mask NR14 HM_P2 Model B NaCl 42 ± 2 

NR15 HM_P3 Model B NaCl 42 ± 2 

NR16 HM_C Model B NaCl 42 ± 2 

Full Mask  NR17 FM_P2 Model A NaCl 42 ± 2 

NR18 FM_P3 Model A NaCl 42 ± 2 

NR19 FM_C Model A NaCl 42 ± 2 

Full Mask  NR20 FM_P3 Model B NaCl 42 ± 2 

NR21 FM_P2 Model B NaCl 42 ± 2 

NR22 FM_C Model B NaCl 42 ± 2 

LEV filter NR23 HF_H14 Model A NaCl 42 ± 2 
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RMM Type Sample ID Models Particles Size 
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Nitrile Thin NR24 PG_N1 Model A NaCl 42 ± 2 

Nitrile Thick NR25 PG_N2 Model A NaCl 42 ± 2 

Vinyl NR26 PG_V1 Model A NaCl 42 ± 2 

Non powder Vinyl NR27 PG_V2 Model A NaCl 42 ± 2 

Non powder Latex NR28 PG_L1 Model A NaCl 42 ± 2 

Neoprene / Natural Latex NR29 PG_NE Model A NaCl 42 ± 2 

PVC NR30 PG_PV Model A NaCl 42 ± 2 

Butyl II NR31 PG_B1 Model A NaCl 42 ± 2 
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Protective coverall (PE). 
Types: 4,5,6 

NR32 PC_P4 Model A NaCl 42 ± 2 

Protective coverall (PE). 
Types: 3,4,5,6 

NR33 PC_P3 Model A NaCl 42 ± 2 

Protective coverall (Neo-
prene) 

NR34 PC_NE Model A NaCl 42 ± 2 

Spunbonded polypropylene NR35 PC_SP Model A NaCl 42 ± 2 

Eye  
protection 

Tight-fitting goggle NR37 EP_C1 Model A NaCl 42 ± 2 

Tight-fitting goggle NR38 EP_T1 Model B NaCl 42 ± 2 

Local  
Exhaustive ven-
tilation  

Laboratory fume hood  NR39 FH_S1 Model A NaCl 50 ± 2 

Capturing hood  NR40 CH_S1 Model A NaCl 50± 2 

 

As can be derived from the table, a total amount of 39 samples were analysed within the project, including 
23 respiratory protective devices, 8 chemical protective gloves, 5 protective clothing, 2 eye protection devic-
es, and 2 local exhaustive ventilation (LEV) systems.  
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3. Results & main achievements 
 
3.1. Standard operating procedures (SOPs) 
 
A set of 8 SOPs were finally developed, including 2 for respiratory protection (masks, filters), 2 for chemical 
protective gloves, 2 for protective clothing (suits), and 2 for engineering controls (LEVs). The list of protocols 
is depicted below.  
 

 SOP1. Respiratory protective devices. Determination of inward leakage (IL) and total inward leakage 
(TIL) of nanoparticles. 

 SOP2. Respiratory protective devices. Determination of particle filter penetration. 
 SOP3. Chemical protective gloves. Determination of the penetration resistance to nanoparticles. 
 SOP4. Chemical protective gloves. Determination of the permeation resistance to nanoparticles. 
 SOP5. Protective clothing. Determination of the inward leakage of aerosols of nanoparticles into suits. 
 SOP6. Protective clothing. Determination of resistance to penetration by a spray of liquid (spray test). 
 SOP7. Local Exhaust Ventilation. Determination of the nanoparticle capture efficiency of fume hoods. 
 SOP8. Local Exhaust Ventilation. Determination of the nanoparticle capture efficiency of Movable LEVs. 

 
An overall view of each SOP, including scope, performance factor and set up, is provided in table 14. 
 
Table 14. Experimental set up for RMM testing  

RMM PF Description  Set up pictures  
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Scope: characterization of the efficiency of respiratory protective equip-
ment (RPE), including the experimental evaluation of Total inward leakage 
(TIL) and inward leakage (IL).  

TIL, is defined as the penetration of particles into the respiratory protection 
device (RPD), including face seal, valves and gaskets, and penetration 
through the filter. IL refers the penetration of particles into RPD excluding 
filters.  
Objective: ensure that RPD are capable of providing a minimum level of 
protection against airborne nanoparticles.  
Reference substance: NaCl particles (50 – 80 nm) 

Set up (1) – Test with a Sheffield head  
NaCl particles are conducted to the testing furnace, where a Sheffield 
head carrying a respirator is placed. The Sheffield head is a manikin head 
with internal pipes, which let to collect the air from the inside of the mask 
Set up (2) –  Test with human subjects  
Subjects are placed on a treadmill and while walking, they are asked to do 
a list exercises defined in current ISO standards.  
In both set ups, the concentration of NaCl particles is measured inside and 
outside the RPD tested by means of direct reading devices (CPC, OPS, P-
Track, SMPS).  
Performance factor: RPD efficiency and particle penetration (P) ex-
pressed as percentage. 

          Efficiency    

Where, 
C1: test concentration  
C2: average concentration measured inside the facepiece 
1,25 is a correction factor due to the retention of sodium chloride in the 
lungs 
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RMM PF Description  Set up pictures  
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Scope: characterization of the penetration of ENMs through particulate 
filters during exposure to an aerosol flow.  
Objective: ensure that particulate filters are capable of providing a mini-
mum level of protection against ENMs. 
Reference substance: NaCl particles (50 – 80 nm) 

Set up: the evaluation of the filter penetration is conducted using a metal 
box in which an aerosol containing NaCl nanoparticles is inserted and 
diluted with clean and dry air. 
The metal box is equipped with a filter holder especially structured to con-
tain either the LEV filter or a masks respiratory filter.  
The levels of ENMs are measured upstream and downstream of the filter 
being tested by means of direct reading devices (CPC, OPS, P-Track, 
SMPS). 
Performance factor: particle penetration (P) 
 

       Efficiency    

 
Where, 

C1 NaCl concentration before the filter; 

C2 average concentration measured after the filter. 

Reference standard:  
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Scope: characterization of the penetration of ENMs through chemical 
protective clothing (CPC) during exposure to an aerosol flow.  
Objective: ensure that CPC are capable of providing a minimum level of 
protection against airborne nanoparticles.  
Reference substance: NaCl particles (50 – 80 nm) 

Set up: tests can be performed using a mannequin (static) or volunteers 
(dynamic). Three points of the suit are selected to measure the concentra-
tion inside, which is then compared with the concentration outside the suit 

A sheath flow of clean dry air is supplied inside the suit at the same 
flowrate as the measuring devices are suctioning in order to no create 
depression or a false result. The sleeve ends of the suit, as well as seams, 
closures, zips, etc. are sealed to avoid penetration through opened parts 
and only test the suit material.  
Test conditions (human subjects):  

- 3 min standing 
- 3 min walking  
- 3 min squatting.  
- 3 measurement probes: chest, waist and knee 
- Six suits tested  

Performance factor: Nominal Protection factor (NPF) and Total average 
inward leakage (TILA). 

Total average inward leakage is reported as a ratio of the test particle 
concentration inside the suit and the test chamber (For all six suits, all the 
exercises and all 3 probes). 

TILA        

Nominal protection factor = 100/(TILA) 

Reference standard: UNE-EN ISO 13982-2 2005 
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RMM PF Description  Set up pictures  
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Scope: characterization of the penetration of airborne nanoparticles 
through glove material 
Objective: ensure that chemical protective gloves are capable of providing 
a minimum level of protection against airborne nanoparticles. 
Reference substance: NaCl particles (50 – 80 nm) 

Set up: a specimen is cut from the glove and clamped into a test cell as a 
barrier membrane. The “exterior” side of the specimen is exposed to air-
borne NaCl nanoparticles, and concentrations are measured at both sides 
of the glove and compared. 
Performance factor: particle penetration (Pn (%)) 

The percentage of penetration is calculated from the measurements at 
each side of the glove, considering Cout the concentration right before the 
glove and Cin after the glove sample. 

 

Reference standard:  
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Scope: characterization of the penetration of nanoparticles diluted in a 
water based solution through the glove material by permeation mecha-
nisms.  
Objective: ensure that chemical protective gloves are capable of providing 
a minimum level of protection against nanoparticles dispersed in water or 
solvents.  
Reference substance: NaCl particles (50 – 80 nm) 

Set up: to test permeation to liquid dispersions of nanoparticles, a Teflon 
cell is required. In this case, a circular sample of the glove is placed in rest 
between the liquid dispersion and a filter sampler that will be analyzed 
after 8 hours of being in contact. 
Performance factor: particle permeation  

Reference standard:  
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Scope: characterization of the containment effectiveness of ENMs of a 
Ventilated Laboratory Hood. 
Objective: ensure that Ventilated Laboratory Hoods are capable of provid-
ing a minimum level of protection (containment) when handling ENMs.   
Reference substance: NaCl particles (50 – 80 nm) 

Set up: The test method is based on the generation and dispersion of 
nanosized NaCl inside the work space of a fume cupboard. The contain-
ment factor is defined as the ratio of calculated concentration of tracer gas 
in the work space of the fume cupboard to the measured concentration in 
the inner or outer measurement plane. The method proposed is based on 
the dispersion of NaCl particles by means of a diffusion system positioned 
inside the work space of the fume cupboard, and the sampling of the con-
centration of NaCl particles at three different distances from the source.  
Performance factor: Capture efficiency (Cf) estimated comparing the 
concentration at 100% aerosol capture (C100) and the measured mean 
concentration (Cm) at different sampling points: Cf = (C100 – Cm)/ 
C100*100 
Reference standard: UNE-EN 14175-4:2005 / ASHRAE 52 2007 
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RMM PF Description  Set up pictures  
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Scope: characterization of the capture efficiency of ENMS using a mova-
ble capturing hood. 
Objective: ensure that movable capturing hoods are capable of providing 
a minimum level of protection when handling ENMs.   
Reference substance: NaCl particles (50 – 80 nm) 

Set up: Nanoparticle capture efficiency of a capture hood is tested by 
atomizing an aqueous solution of NaCl (50 nm). The aerosol is released 
through several diffuser pipes at the work area. First 100% aerosol cap-
ture is obtained by placing the diffuser pipes as close as possible to the 
exhaust duct inside the exhaust hood. With a CPC aerosol concentration 
shall be measured inside the duct. The concentration at different diffuser 
distances are compared with the concentration levels during the 100% 
aerosol capture experiment. 
Performance factor: Capture efficiency (Cf) is the ratio of measured con-
centration of tracer gas in the duct of the capture hood with 100% aerosol 
capture (at 0 cm height) to the measured concentration of tracer gas in the 
duct of the capture hood with the hood positioned at a specific height 
above the work surface. 
Reference standard: UNE-EN 1822 / ASHRAE 52 2007 

 

 
*An extended version of each SOPs is included within the annex section. 
 
 
3.2. Effectiveness of RMMs against ENMs  

As stated previously, the studies conducted under the framework of NANoREG focussed on the evaluation 
of the effectiveness of commonly used personal protective equipment and local exhaustive ventilation sys-
tems against ENMs, including dry particles in the nanometer range or dispersed in water.  Detailed infor-
mation on the experimental set up provided in each SOP.   
 

3.2.1. Respiratory protection  

A wide range of test were conducted within the project, including assays using a Sheffield head and assays 
on human subjects. As stated previously, the experimental procedures applied are based on current ISO 
standards, where several human subjects complete a set of exercises designed to evaluate the protection 
provided by a respirator device. Filter penetration studies were also conducted following the SOPs devel-
oped within the project. The results of the tests conducted are reported below:  
 
 
Conditioning: table 15 depicts the testing conditions of the experimental activities conducted to evaluate the 
effectiveness of respiratory protective equipment  
 
Table 15. Test conditions during the evaluation of the effectiveness of respiratory protection devices  
 

Parameter Units Plexiglass box Nanoaerosol testing 
chamber 

Concentration of Sodium Chloride 
solution % 0.5 0.5 

Initial temperature - Chamber ºC 25.6 25.6 
Initial relative humidity - Chamber % 45.2 45.2 
Final  temperature - Chamber ºC 27 27 
Final  relative humidity - Chamber % 50.5 50.5 
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Parameter Units Plexiglass box Nanoaerosol testing 
chamber 

Sample flow L/min 0.6 0.6 
Maximum concentration Nº pt/cm3 2.78E5 2.78E5 
Minimum concentration Nº pt/cm3 3.0 x 104 part/cm3 3.0 x 104 part/cm3 
Particle diameter nm 42 nm 48 nm 
Particle size distribution  nm 40 - 44 40 – 55 
 
 
Testing activities  
 
The evaluation of half mask and full mask respirators was conducted using a sheffield head “mannequin” 
and human subjects. As stared previously, several kinds of masks were tested, two brands of single use 
filtering face pieces with FFP1, FFP2 and FFP3 categories and one brand of reusable full and half masks 
with interchangeable filters (P2 and P3). Those masks were also subjected to a weathering process to simu-
late the ageing process. Pre-conditioning is done by heating the mask during 24 hours at 70ºC in dry or low 
humidity conditions (hr < 20%) and then freeze it at -30ºC for another 24 hours. In the case of full masks, the 
heating process lasts 72 hours and a further heating of another 72 hours at 70ºC but with high humidity (hr > 
90%) is added, plus a freezing of 24 hours at -30ºC. 
  
The codification given to the studied masks is as following: FFP1a, FFP2a, FFP3a, FP3b for the different 
filtering face pieces depending on their filtration efficiency and Manufacturer (“a” or “b”), and FMn, FMa, 
HMn, HMa for the full or half masks new (n) or aged (a) respectively, followed by the type of filter applied.   
 
The tests on human subjects were conducted on 7 women and 6 men. Table 16 depicts information on the 
facial dimensions of each volunteer.  
 
Table 16. Test subjects for full and half masks with 35 nm NaCl particles. 

 

Sub-
ject # 

Genre 
(M/F) 

Face length 
(cm) 

 

Face width 
(cm) 

 

Face depth (cm) 

 

Mouthwidth 
(cm) 

 
1 F 15 17 12.7 5 
2 M 11.5 14.5 13 5.5 

3-4 M 12.5 12.5 12.5 6 
5 M 11.5 13 13 6 
6 M 13.5 14.5 13.5 6 
7 F 12 13 13.5 6 
8 F 8 14 12.5 6 
9 M 9.5 12 12.5 6 
10 F 7.5 12 12.5 5 
11 F 9 11.5 11 6 
12 F 12.5 13 12 5.5 
13 M 11.5 11 10.5 5 
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As described on chapter 3.4.1, the tests consist on the completion of a set of exercises to test not only the 
performance of the mask itself, but the fitting to the face and the steadiness during several operations and 
movements carried out in real situations. These exercises are accomplished in a treadmill run at 5 km/h. The 
subject has to wear the mask following the instructions of the manufacturer. 
 
It shall be noted that the mask has to be adequate to the facial dimensions of the wearer, and hence achieve 
a proper fitting. This is checked subjectively, asking the subject if the fitting is correct, and objectively, testing 
the vacuum of the mask to the face. 
 
During the test, each volunteer shall wear the respirator face piece for approximately 5 minutes before be-
ginning the test. Once the inner and outer concentration are steady, the volunteer starts to walk in the 
treadmill at 5 km/h for 2 minutes. While walking, volunteers are asked to perform a series of exercises, in-
cluding:  

 - walk for two minutes without moving the head or talking; 
 - moving the head from side to side (about 15 times) as inspecting the walls of a tunnel for 2 minutes; 
 - move the head up and down (about 15 times) as inspecting the floor and the ceiling for 2 minutes; 
 - recite aloud the alphabet or an agreed text, as if it were communicating with a partner, for 2 minutes; 
 - walk for two minutes without moving the head or speak. 

 
A detailed description of the testing procedures and protocols is available on the SOP developed. Further 
information can be requested to ITENE, as responsible partner from NANoREG. On the other hand, as de-
tailed on chapter 3.4, the evaluation of the efficiency of particulate filters is conducted following EU standard 
EN 13274-7.2008. Within this standard, and following the specific SOP developed, particulate filters are test-
ed individually in a tailored designed metal box.  
 
Results  
 

Results from the experiments performed in the test chamber with human subjects exposed to concentrations 
of NaCl nanoparticles of around 42 nm and up to 3.0 x 104 part/cm3 for the different tested masks are shown 
in  figure 19. 

 
Figure 19. TIL for test subjects wearing masks with higher protection filter (P3/FFP3) performing a set of 
exercises in a treadmill. 
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All masks have the higher degree of protection, corresponding to a P3 filter for the reusable masks or FFP3 
for the single-use face pieces. These last ones were compared from two manufacturers, having different 
configurations: manufacturer A (MaFFP3) has a filter valve attached, while mask from manufacturer B 
(MbFFP3) is made entirely from filter material. Table 17 depicts the average efficiency of the samples tested. 

 
Table 17. Efficiencies and protection factors achieved by the masks in a NaCl NPs environment while worn 
by test subjects. 
 

 FMnP3 FMaP3 HMnP3 HMaP3 MaFFP3 MbFFP3 

Eff (%) 99.73 ± 0.25 99.78 ± 0.16 99.47 ± 0.83 99.77 ± 0.29 99.77 ± 0.29 95.63 ± 4.39 

PF 364 464 187 426 16 23 
 
 
In general, reusable masks provided a much better efficiency to all kind of face geometries compared with 
the single use respirators. In principle, stated PF for those masks defined by OSHA (29 CFR 1910.134) are 4 
for P1 or FFP1 respirators, 10 for P2/FFP2, 20 for half masks with P3 or FFP3 and 50 for full masks with P3, 
values which are even or surpassed by the ones obtained in the tests. 
 
It can be noted as well that the weathered masks offer slightly lower penetration to nanoparticles than new 
masks. To analyse if this effect is related to the use of the mask or relation between new and aged masks is 
statistically significant, ANOVA and t-test was performed. Since the p-value between the new and aged full 
and half masks is below 0.05 (0.011 < p < 0.017), it means that the PF offered by the mask is the same dur-
ing the whole use. 
 
In Figure 20 it can be noted that the movements where the fitting decrease and thus performance of the 
masks decreases are to move head vertically and specially to talk, although it depends strongly on the facili-
ty of the person to perform the exercise while walking (some people needed to breath stronger after some 
minutes in the treadmill ) and on the personal fitting of the mask, therefore the outliers. 
 
 

 
 

Figure 20a. TIL for volunteer test subjects wearing half masks performing a set of exercises in a treadmill. 
 
 



 
 

NANoREG Deliverable 3.09 
Page 42 of 105 

 
Figure 20b. TIL for volunteer test subjects wearing full masks performing a set of exercises in a treadmill. 
 
 
To discriminate among the fitting, the total inward leakage and the filter penetration itself, filters are tested 
separately from the masks. Filters are placed inside a closed box where the content is filled with the aerosol, 
while a small dilution flow passes through the box to renovate and circulate the ambient inside. The particle 
concentration is measured before and after the filter piece.  
 
Results from the tests with three different kinds of P3 filters (A2B2P3 - UNE-EN 14387:2004/AC:2005, P3- 
UNE-EN 143:2001 and the one used in the previous experiments, P3- UNE-EN 12941:1999/A2:2009 and 
UNE-EN 12942:1999, all of them with the particularity of not having the Australian and New Zealand approv-
al, thus being P2 when used with a half piece respirator and P3 when used with a full mask in these coun-
tries) are all above (99.997 ± 0.0012)%, meaning that class and PF are well assigned for those filters and 
demotion in performance of respirators is only due to the leakages on the fitting of masks.  
 
In the case of single-use masks, the 
filter cannot be separated from the 
masks, therefore different kinds of 
masks were tested on the same test 
subjects.  
 
Results can be seen in figure 21, 
where the efficiencies range from 
75.63 % with a PF > 4 for the FFP1 
filter to 88.09 % with PF > 8 for the 
FFP2, up to 93.6 % and 95.63 % with 
PF of 16 and 23 for masks FFP3 from 
manufacturer “a” and “b” respectively. 
 
 
 
The disposable masks showed a demotion of class when tested against the NPs, mainly due to the skew to 
higher TILs in many of the test subjects as can be seen in the box plots, being up to 4 times bigger than the 
median. This indicates the poorness of fitting of those kind of masks when exposed to NPs while performing 
movements. 

 
Figure 21. TIL for test subjects wearing disposable masks 
with different levels of protection filters. 
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In this sense, it was ensured that all the test subjects fulfilled the pre-requisites to obtain the proper fitting, 
that is, not having eaten or smoked the previous hour, not have or being suffering an illness or in case of 
men, being recently shaved. The effect of this last factor can be seen in figure 22, where one of the test sub-
jects had a beard of around 1 cm and thus the efficiency of the HMnP3 mask decreased several orders of 
magnitude compared to the same subject fresh-shaved wearing the same respirator. 
 

 
 

Figure 22. Difference in performance of mask for subject before and after shaving. 
 
The variability of the effectiveness of the respirators considering anatomic differences in the wearer was also 
studied. Figures 23a and 23b show the results of the inward Leakage (IL), which refers to the penetration of 
particles into RPD excluding filters, and hence, only consider the penetration of particles due to the “fitting 
factor”. The data show a high variability on the performance of the masks due to the adjust of the 
masks tested to the face of the wearer, particularly in the case of men with grown beards and women, due 
to their smaller face geometries.  

 
Figure 23a. Percentage of Inward Leakage (IL) of Hall mask respirators measured on human subjects   
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Figure 23b.Percentage of Inward Leakage (IL) of Full mask respirators measured on human subjects  . 
 
As can be observed from the graphical representation of the results, half masks provided a better fitting to 
all kind of face geometries, especially for small faces such as subjects #10 and #11. Note that not all the 
subjects could perform both tests with both masks. 

The figure below shows variations on the penetration potential of NaCl particles while performing the set of 
exercised defined in the testing procedure (marked from 0 - 5 on the plots). The results represented on the 
figure 24 (left) correspond with subject #1 (woman). Figure 24, on the right, correspond with a man with 
grown beard man.  
 

 
 
Figure 24. Comparative analysis of full mask respirators fitting studies.  
 
As expected, major differences on the concentration of nanomaterials measured inside full mask respirators 
were observed form different subjects. As expected, the presence of beard results in an increase of the 
inward leakage of NaCl nanoparticles. This assumption was contrasted comparing the total inward leak-
age (TIL) of a full mask tested in the same volunteer with and without beard.  
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Since the results of the filters showed a proper performance, a direct conclusion is that the fitting factor is 
the most important parameter when evaluating the performance of respiratory protective devices 
against nanomaterials. Therefore, the administrative controls must take care on education on how to se-
lect, wear, maintain and clean the RPE, focusing on selecting the respirator that better fits the facial geome-
tries of the user at the same time that is taught to him how to obtain a better performance of the mask. 
 
Besides the above, additional tests were con-
ducted weathering (pre-conditioning) the mask 
according with the procedures stablished on the 
harmonized standard EN 13274-7. 2008.  
 
Pre-conditioning is done by heating the mask 
during 24 hours at 70ºC in dry or low humidity 
conditions (Hr < 20%) and then freeze it at -
30ºC for another 24 hours. In the case of full 
masks, the heating process lasts 72 hours and 
a further heating of another 72 hours at 70ºC 
but with higher humidity (Hr > 90%) is added, 
plus a freezing of 24 hours at -30ºC. 
 
Figure 25 and table 18 show the results of the test conducted conspiring a pre-conditioning of the masks. 
The results show a reduction on the protection factor (Total Inward Leakage) in pre-conditioned 
masks, specially relevant for half mask respirators. This issue was related with a major potential  degrada-
tion of the structure of the mask.  
 
Table 18. Efficiencies of different kinds of masks and filters tested for NaCl NPs. 

 Mask Filter T.I.L. (%) NPF Efficiency Class 

Half Mask New 
P3 

0,070 1428,57 99,93 % 3 

Half Mask Aged 0,639 156,49 99,4 % 2 

Full Mask New 
P3 

0,280 357,14 99,75 % 2 

Full Mask Aged 0,245 408,16 99,75%  2 

 

The results of the test conducted on the sheffield head 
are depicted on table 19. Within these experiments, 
metal oxides (SiO2) are nebulized and conducted to a 
plexiglass box where a Sheffield head is located. In this 
case, since they are potentially hazardous materials, 
only reusable masks with filter types P2 and P3 alterna-
tively were tested.  

Concentrations of SiO2 were nebulized as previously to 
generate nanoparticles below 50 nm of geometric mean 
diameter. The flow of nanoparticles is inserted into the 
TREN system (Figure 26) along with a sheath flow of 
clean, dry air at the same rate as in the test room to be 
comparable. 

Results for a Half Mask with a P3 filter can be seen in 
figure 26.  

 

 

 
          Figure 25. Performance of weathered masks. 
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Figure 26. Detail of Sheffield head based 
experiment. 
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Two concentrations of SiO2 diluted in MiliQ water were tested, the 0.05% lead to a distribution of nanoparti-
cles of 28 nm, while the concentration of 0.1% led to 33 nm of geometric mean diameter. As can be seen in 
figure 27, the lower concentration led to higher dispersion of results. After careful analysis, it was discovered 
that tin he concentration of 0.05 % particles were agglomerated after some time, leading to a bimodal distri-
bution with a second peak at 168 nm, thus 0.01% concentration was selected to continue with the experi-
ments due to the higher stability. 

 
 

Figure 27. Total Inward Leakage of a Half Mask reusable with a P3 filter against different nanomaterials. 
 
Different kinds of masks were tested against the SiO2 dispersion. Results in  
Figure  28 show a better performance of the Half Mask reusable with P3 filter than the Full Mask with 
the same characteristics, although both show a PF over 300.  
 

 
 
Figure 28. Different masks tested in the rubber head inside the TREN system against the SiO2 nanoparti-
cles. 
 
However, the face filter pieces show a high variability of performance, probably due to the difficulty of fitting 
to the face of the substitutive part. Nevertheless, their PF are above 30 for the FFP2 and 86 for the FFP3, 
offering good protection to the wearer in any case. 
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Since they are tested on the Sheffield head, variations on the fitting factor (FF) due to movement or facial 
features cannot be performed. However, it was tested how the concentration measured inside the mask de-
creases around 8% when the edges of the mask are sealed with some kind of tape to the rubber head. This 
could be used in real-case hazardous environments to improve the efficiency of the mask when the neces-
sary protection level is unknown. 

Table 19. Efficiencies of different kinds of masks and filters tested for SiO2 NPs. 

RMM tested Standard values Values for ENMs 

PPE Filter 
type 

Efficiency 
(%) NPF Filter 

Class 
Nanomaterial 

tested 

Concentration 
(% in 1000 ml 

H O) 

Efficiency 
(%) NPF Class 

Half 
Mask 

P2 91.6 12 2 SiO2 0.05 96.26 26.8 2 
P3 98 48 3 SiO2 0.05 99.99 16666.7 3 
P2 94 12 2 SiO2 0.1 97.67 43.0 2 
P3 99.98 48 3 SiO2 0.1 99.99 20000.0 3 
P2 94 16 2 SiO2 0.05 99.98 5263.2 3 
P3 99.999 1000 3 SiO2 0.05 99.55 222.7 2 
P2 94 16 2 SiO2 0.1 98.12 53.1 3 
P3 99.999 1000 3 SiO2 0.1 99.48 191.6 3 

 
The results showed that Full and Half Mask Respirators provided adequate performance levels of filtra-
tion efficiency against NMs. As in the tests conducted on human subjects, Total inward leakage (TIL) ratios 
determined in relevant studies suggest that face seal leakage, and not filter penetration, is a key parameter 
to be considered when working with nanoparticles.  
 
Finally, results from the tests with P2 and P3 particulate filters, and HEPA filters for local exhaustive ventila-
tion systems are shown in table 20.  
 
Table 20. Filter penetration for 21 nm NaCl particles. 
 

Filter type Standard IL Obtained IL for NPs (%) 
P2 <8% 0.17% 
P3 <2% 0.03% 

HEPA H14 < 0.05% 2.3% 

As can be derived from the table, while the respiratory filters show a very good performance, the HEPA filter 
show a higher penetration of NPs than in standard tests, carried out with particles over 3 μm. 

3.2.2. Dermal Protective Equipment  

 Protective clothing  
 
Several tests were conducted to evaluate the effectiveness of common dermal protective equipment against 
ENMs, including chemical resistant gloves and protective clothing. In the case of protective clothing, as for 
respiratory protection, tests for the resistance against penetration of ENMs can be performed on human sub-
jects when the aerosolized material is NaCl, to exam the performance of the protective garments in move-
ment, or with a mannequin with any other material. 
 
As stated on chapter 3.4.3, the evaluation of the effectiveness of protective clothing against nanomaterials 
focusses on the characterization of the penetration of particles through several types of chemical protective 
clothing (CPC).  
 
The experimental set up is conducted in a testing chamber where a polydisperse NaCl aerosol is conducted 
into the test chamber “cabin” where a human subject or a mannequin are placed. This test essentially deter-
mines the inward leakage (IL) of the protective suit tested when challenged with sodium chloride particulates 
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of a defined size distribution. The measurement of the particle concentration is conducted in three sampling 
positions (one on the chest, one at the waist and one at the knee) while the volunteer performs a list of 
movements “exercises” in a treadmill. The list of exercises performed in the experimental activities conduct-
ed are depicted in table 21. 
 

Table 21. Exercises performed in each of the sampling positions to test the suit. 

Activity Exercise Duration 
Background inside suit before aerosol Stand still - 
Stabilization of  aerosol concentration in the room Stand still - 
Concentration inside the suit Stand still 3 
Concentration inside the suit Walk at 5 km/h 3 
Stabilization between exercises Stand still 1 

Concentration inside the suit 
Squats (5 squats/min ap-
prox.) 

3 

Stabilization of  aerosol concentration in the room Stand still - 
 

The lists of human subjects and protective clothes sizes testes are depicted in table 22. Suits were available 
in sizes ranging from M to XXL in order to cover the different body shapes of the test subjects. Under the 
suit, it was asked to wear cotton fabrics.   

Table 22. List of test subjects and suit sizes selected. 

Subject nr 1 2 3-4 5 6 8 10 12 
Gender F M M M M M F F 

Size 

Protective coverall  
Types: 3,4,6 

L M L M XL L M M 

Protective coverall  
Types: 3,4,5,6 

L M L M L L M M 

Before starting, a visual check was carried out to detect any malformation or defect. If so, the suit was dis-
card. Subjects were dressed with the suit following the manufacturer’s instructions. Moreover, in order to 
protect the subjects during the assays, they were equipped with a protective respiratory equipment. 

As described previously, the suit was tubed in three different points (chest, waist and knee) and a CPC was 
connected to the point selected to perform the sampling. The concentration inside the chamber was meas-
ured with another CPC. Furthermore, a pump was connected to supply a flow of clean air inside the suit in 
the same range as the measuring devices suction, with the purpose of not to create a depression. Finally, 
the other point remained closed. 

It was decided to use a concentration of 0.05% of NaCl to carry out the experiments. The geometric mean 
diameter for the particle count distribution was about 40 nm, and the particle concentration was maintained 
in about 35000 particles/cm3. This concentration was maintained with less than 10% of variability between 
the beginning and the end of the tests.  

Figure 29 shows how the penetration of particles varies with the different exercises, since the air inside the 
suit is not isolated from the exterior in this kind of overalls, and thus the variations in volume produced by the 
movements create depressions or recoveries of the inner air. 
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Figure 29. Particle number concentrations inside the suit and in the chamber along the exercises during a 
generic test of a suit. 

The penetration of particles during exercises depends also on the user; his or her body features, the way of 
performing the exercises and the fitting of the suit lead to different results for each subject in the different 
position or exercises.  

For example, in figure 30 it can be seen the difference in performance depending on the position. While test 
subject #1 registers a high penetration at the chest height, the most critical part for test subject #4 is the 
waist.  

 

 

Figure 30 Particle penetration for two test subjects using protective suits during different exercises. 

 

In general, the exercise that leads to a higher inward leakage are the squats, since is the fastest and mod-
ifies abruptly the air volume inside the suit.  
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An average of the results during each exercise for the subjects tested, and a global average for each suit in 
the background, can be seen in figure 31.  

 

Figure 31. Average of the nanoparticle penetration through each suit depending on the exercise 

Likewise, the penetration of airborne particles trough the suit depending on the sampling point versus the 
average for each suit is shown in figure 32. It can be noted that in both cases, the highest penetration is 
reached at the waist back zone, instead of decreasing with height, probably due to the loose space that there 
is in that area. 

 

 
Figure 32. Averaged particle penetration of airborne NaCl particles through the protective suits tested in 
each sampling point. 
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The results of the evaluation of the effectiveness of the protection suits are summarized in table 23. To de-
termine the performance classification, the average inward leakage value per activity (standing, walking and 
squatting) calculated (TIL) is depicted in the table. 

Table 23. Efficiencies of recommended protective coveralls against chemicals (Category III) using NaCl NPs. 

   % Penetration (Inward Leakage) 
   Protective coverall (PE) 

High performance for liquids  Protective coverall (PE) 
Types: 3,4,5,6 

Subject Sampling  Stand Still Walking Squats  Stand Still Walking Squats 

1  
Knee  4.29 2.50 8.17  11.39 6.22 4.13 
Waist  19.44 4.54 22.06  1.13 0.96 1.30 
Chest  6.19 2.71 23.34  0.62 0.71 5.18 

2  
Knee  0.62 2.65 1.72  4.62 1.68 4.41 
Waist  2.69 1.31 1.54  7.41 6.29 10.82 
Chest  1.28 4.04 4.39  33.41 20.13 47.07 

3  
Knee  1.47 0.50 0.96  0.67 4.62 4.19 
Waist  0.66 0.64 3.30  0.30 1.89 4.21 
Chest  6.78 5.72 15.17  15.37 16.22 17.17 

4  
Knee  1.11 0.94 2.27  0.22 0.86 0.74 
Waist  1.21 7.35 6.70  0.60 1.23 2.16 
Chest  11.83 11.65 22.48  0.41 3.04 4.04 

5  
Knee  3.02 2.27 5.82  0.47 6.00 1.87 
Waist  5.51 3.39 14.83  0.26 1.20 1.36 
Chest  7.10 4.71 26.86  0.44 2.38 4.55 

 

The “highest” performance class (performance class of 3,) can be assigned when the highest value for the 
inward leakage measured for each of the three activities (TILE) is less than 0.3% and also the overall total 
average inward leakage (TILA) is less than 0.2 %.  According to this classification, none of the suits provided 
a high level of protection for ENMs.  

Results summarized in Table 23 show that there is not a clear tendency in the results obtained. No sig-
nificative differences were found between the two protective suit. While in subjects 4 and 5 suit 2 seems to 
offer a better protection, this behaviour is not observed in subjects 1, 2 and 3. Thus, the percentage of nano-
particles capable to cross the protective clothing depends, mainly, on the user. Probably, the body features, 
the way of performing the exercises and the fitting of the suit leaded to different results for each subject in 
the different position and exercises. 

Greater inward leakage was observed, generally, when subjects were asked to do squats, probably because 
this movement caused a compression or deformation in the suit, allowing the apparition of gaps between the 
suit and the skin by which the NPs could enter inside. 

In summary, the protocol followed can operate to record the efficiency of the protective clothing, throwing 
results with less than 20% of deviation. On the other hand, the performance of the suits tested was similar 
(93,38% for the Protective clothing 1 and 94,25% for Protective clothing 2). Taking into account that they 
were not sealed to the body, probably internal leaks were due to the seams and gaps between suit and skin, 
and is probed that sudden movements, such as squats, that modify the volume of air inside the suit, provoke 
the highest penetration. 

 Protective gloves  
 
Different protective gloves against chemical and biological risks, with distinct materials and thickness, were 
tested. The types of protective gloves selected were: latex (without powder), vinyl (with and without powder), 
nitrile (two thickness), and reusable, such as neoprene, polyvinyl chloride or butyl. Table 24 shows the 
measured efficiency of the samples evaluated within NANoREG.  
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Before starting the experiment, a previous visual examination was performed with the aim to discard gloves 
which presented any defect or gash. After, a circular sample of the glove was placed into special device de-
signed for this purpose. By one side, the glove was exposed to the NPs aerosol, while on the other side a 
CPC was connected to carry out the measures of permeability 
 
The efficiency of several commercial protective gloves made of different materials was evaluated. The per-
centage of nanoparticles capable to cross the barrier of the glove was determined comparing concentrations 
at both sides of the glove. 
 
Table 24. Efficiencies of chemical protective gloves against ENMs  

DPE Position Measures Thickness (mm) Penetration (IL) 
for NMs 

Reference particle 

Disposable 
protective 
gloves 

Nitrile Thin I.L (%) 0.07-0.09 0.040  NaCl 
Nitrile thick I.L (%) 0.11-0.15 0.006 NaCl 

Vinyl I.L (%) 0.08 0.103 NaCl 
Vinyl (without powder) I.L (%) 0.08 0.013 NaCl 

Latex (without powder) I.L (%) 0.15 4.64 NaCl 

Reusable Neoprene I.L (%) 0.7 1.63 NaCl 

 PVC I.L (%) 1.30 3.17 NaCl 

 Butyl I.L (%) 0.36 - NaCl 

 
 
As can be seen in Table 24, the efficiency of the gloves increases with the thickness. The surprisingly 
high penetration of the latex gloves can be due to a leakage in the setup, a deformation or breakage of this 
specific set of gloves or due to a greater size of the pore of the glove material in comparison with the nano-
particle. In the case of Butyl, results were so unalike each other that they were discarded. 
 
The proposed assay assumes a high concentration of NPs in the environment close to the glove, thus it can 
be considered as a worst-case scenario. However, the conditions of this specific test may be unrealistic, 
since in a real case scenario not only the NPs are important, but also the solvent or any other chemical ma-
nipulated along the live cycle of the NM. Although some of the gloves tested are specifically or recommend-
ed for liquid handling, the high penetration shown for airborne NPs brings to recommend to wear a disposa-
ble glove under the reusable one to avoid the dermal contact. 
 
In view of the table, performance depends strongly on the material of the glove, and although generally there 
are no pores in their surface, some small defects or gaps can be enough to offer a way in to the glove. 
 
In order to understand whether previous results depend on the pore size or material of the glove, a close 
SEM image of the surface of some gloves was taken (Table 25). Performance depends strongly on the ma-
terial of the glove. Although generally there are no pores in their surface, some small defects or gaps can be 
enough to offer a way in to the glove. Nevertheless, materials such as neoprene or butyl seem to be com-
posed with cracks big enough in comparison with NM size. Thus, worst performance is expected with them. 
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Table 25. Main characteristics and SEM images of the surface of protective gloves. 
 

Glove Material Reusable? 
(y/n) 

Thickness 
(mm) Glove Material Reusable? 

(y/n) 
Thickness 

(mm) 

Latex n 0.15 Neoprene / 
Natural Latex y 0.70 

  

PVC y 1.30 Butyl II Cat.III n 0.36 

  
Nitrile Thick n 0.11-0.15 Nitrile Thin n 0.07-0.09 

  

 
For nanoparticles other than NaCl, results are shown in figure 33. Plots illustrate differences on the perfor-
mance of the glove depending on the nanomaterial composition and particle size (dependent of the concen-
tration of the diluted nanomaterial in the nebulization process). The figure shows significant difference on the 
performance of the glove material for each nanomaterial. A reason for this can be that the material of the 
glove interferes with the remaining electrostatically charged particles nebulized, enabling penetration or 
losses of nanoparticles in the surface of the glove. 
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Figure 33. Penetration through gloves for metal oxide nanoparticles nebulized at different concentrations. 

3.2.3. Eye protection  
In the case of eye protection, only safety googles were tested since are considered the only ocular protection 
that offers a closed arrangement. The googles tested were of two kinds. A simple pair of googles that can be 
bought in a hardware store, with small holes on the sides to allow ventilation, and a specialized pair of 
googles with screen coated to be scratch resistant on the outside and permanent anti-fog on the inside, plus 
UV protection. The results of the evaluation of the effectiveness are presented in the table 26.  
 
Table 26.  Efficiencies of safety googles against ENMs 

RPD Measures   Standard  
Efficiency  

Penetration (IL) 
for NMs 

Reference particle 

Conventional I.L (%) Not applicable 57.79 % NaCl 
Tight-fitting google I.L (%) Not applicable 20.07 % NaCl 

 

3.2.4. Local Exhaustive ventilation  

 Ventilated Laboratory Hood 

Three independent tests were performed to test the containment effectiveness of Ventilated Laboratory 
Hoods. To support the understanding of the experimental results, the test is based on the use of test gas 
injector which consists of a punctured hollow stainless steel (SS) cylinder. A single jet atomizer is connected 
to the injector to generate 50 nm NaCl particles. A sampling grid made of SS sampling tubes are connected 
to 9 particle counters (CPC) using conductive tubing to measure particle number concentration simultane-
ously.  
 
The measurements with the nine CPCs are 
performed at the intersection of two horizontal 
and three vertical equally spaced lines 
(outermost 130 mm, lines in between <600 
mm, figure 34) and compared with the gener-
ated particle number concentrations. 
 
At the exhaust of the injector about 35,000 
particles per cm3 were measured. Highest  
particle number concentrations were meas-
ured at sampling position 5 as can be seen in 
figure 35. 

 
Figure 34. Measurement positions used to determine 
the capitation efficiency of ventilated laboratory hoods.   
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Test A 21 19 21

688 891 30

Test B 2 7 11

953 1553 26

Test C 3 6 9

184 1660 8

 
Average particle number concentration of all three tests and positions was about 300 particles per cm3 re-
sulting in an efficiency of 99.04 ± 0.36 %. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 35. Six measurement positions (top) with particle number concentrations in pt/cm3 (below) during 
three test (A,B,C) 
 
 Movable capturing Hood 

Nanoparticle capture efficiency of a mobile capture hood (Nederman Filtercart Carbon, 750-900 m3,  
HEPA >99,97%) is determined inside the test chamber (zero particle background). An emission source is 
simulated using diffuser pipes connected to a six jet atomizer generating 50 nm NaCl particles.  Particle 
measurements are performed inside the sampling duct of the capture hood and in the surrounding area.  
 
Particle number concentration at 100% aerosol capture is compared with the particle number concentration 
at different capture hood-diffuser distances to calculate the efficiency. Figure 36 shows differences on the 
capture efficiency depending on the position of the hood. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 36 Capture Efficiency of capturing hoods. Left: tilted. Right: vertically positioned (Top) 
 
The results of the tilted capture hood show a decrease in efficiency when the distance increases from 0 to 65 
cm. With a vertically positioned hood efficiency decreases gradually at 5 cm and drops significantly at 20 cm. 
At 45 cm a more or less similar efficiency is measured compared with 5 cm efficiency. The drop at 20 cm is 
probably the result of considerable turbulence when the capture hood is positioned at this distan 
 

TILTED TOP 
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The results of the capture efficiency experiments are shown in table 27. 
 
Table 27. Results capture efficiency experiments  

RMMs Specifications Performance factors Static 

Capture Hood 

Nederman Filtercart Car-
bon Tilted 

Capture Efficiency related to 
distance 

0 cm 100% ± 14% 
15 cm 79% ± 4% 
40 cm 72% ± 2% 
65 cm 63% ± 5% 

Nederman Filtercart Car-
bon  
Top 

Capture Efficiency related to 
distance 
 

0 cm 100% ± 5% 
5 cm 79% ± 6% 
20 cm 53% ± 43% 
45 cm 82% ± 2% 
70 cm 66% ± 20% 

Partial Enclosure /  
Fume Cupboard 

Derpa  S.A. (l x w x h) 
Cupboard 120x78x165 cm 
Inner plane 120 x78x85 
cm 

Containment efficiency 99.04 ± 0.63% 

 
 
3.3. Recommended measures and selection charts  
3.3.1. Technical measures  
 
The need for technical exposure mitigation has been accentuated by all specific nanomaterial guidelines, 
including physical and technical solutions in the work process to isolate, encapsulate and shield the process, 
as well as using mechanical ventilation and filters (locally and/or centrally).  
 
Technical measures are likely the most effective and applicable control strategy for most nanomaterial 
processes.  In most cases, they should be more feasible than elimination or substitution and, given the po-
tential toxicity of many ENMs, should prove to be more protective than administrative controls and PPE. 
 
Ventilation is the most common technical measure used for controlling occupational exposures to air con-
taminants, including ENMs. The use of general ventilation is limited to low toxicity sources that are usually 
diffused throughout the workplace and where the workers are a sufficient distance from the source(s). The 
use of Local Exhaust Ventilation (LEV) systems is preferred to general ventilation and should be considered 
when working with ENMs.  
 
The data retrieved from the literature, and studies conducted within the project revealed that: 

 General ventilation “dilution” can be used for non-hazardous exposures, but isn’t acceptable for ENMs.  
 LEV systems are a primary method for controlling occupational exposures to ENMs. The most relevant 

and most often used LEV types for ENMs are enclosing and capturing hood. 
 

It should be noted that there is always more than one ap-
proach that can be applied to any process and therefore it 
is important that the various technical measures are collat-
ed and their suitability assessed before a solution is se-
lected.   
 
The following table includes a list of recommended 
measures considering relevant activities in the life cycle. 
These activities include material unpacking, synthesis, bag 
filling, weighing, mixing, spraying and and machining of 
parts that contain ENMs.  
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Table 28. Recommended Technical measures for controlling occupational exposures to ENMs from laborato-
ry to large scale facilities.  
 

Stage / Process Laboratory Pilot Plants 
Industrial settings 

(medium scale 
production) 

Industrial settings 
(large scale pro-

duction) 

Material Unpacking 
(Dry Powder) 

Ventilated Laboratory 
Hood (partial enclo-
sure)  
Local exhaust enclo-
sure (Glove Box)  

HEPA filtered 
down flow booth  

Custom-fabricated 
enclosures  
HEPA filtered down 
flow booth 

Custom-fabricated 
enclosures  
HEPA filtered down 
flow room  Material Unpacking 

(Liquid dispersions) 

Material Unpacking 
(Bonded / Coated) 

Ventilated Laboratory 
Hood (partial enclo-
sure) 

Ventilated Labora-
tory Hood (partial 
enclosure) 

HEPA filtered down flow booth (or rooms) / 
Non ventilated enclosure for low Slightly  or 
non Toxic ENMs 

Weighing (Dry Pow-
der) 

Ventilated Laboratory 
Hood (partial enclo-
sure)  
Local exhaust enclo-
sure (Glove Box) 
Biological safety 
cabinet 

HEPA filtered 
down flow booth 
Walk-in hood 

Custom-fabricated 
enclosures  
HEPA filtered down 
flow booth 
 

Custom-fabricated 
enclosures  
HEPA filtered down 
flow rooms 
 

Weighing (Liquid 
dispersions) 

Transferring  

Sonicating 
Ventilated Laboratory 
Hood (partial enclo-
sure) 

Ventilated Labora-
tory Hood (partial 
enclosure) 

Fully enclosed operation  

Mixing (Dry Powder) Ventilated Laboratory 
Hood (partial enclo-
sure)  
Local exhaust enclo-
sure (Glove Box) 

HEPA filtered 
down flow booth 

Custom-fabricated 
walk-in booths 

Custom-fabricated 
walk-in booths 

Mixing (Liquid dis-
persions) 

Movable LEV 
systems (extend-
able arms) 

Production(physical 
and chemical syn-
thesis) 

Ventilated Laboratory 
Hood (partial enclo-
sure)   

Ventilated enclo-
sure located in-
side a downflow 
room 
Receiving hood 
(hot process)  

Fully enclosed reactor Fully enclosed reactor 

Packing / 
bag filling 

Ventilated Laboratory 
Hood (partial enclo-
sure) 

HEPA filtered 
down flow booth 
Ventilated collar-
type exhaust 
hoods 
Continuous liner 
product off-
loading system 

Custom-fabricated 
enclosures  
Downdraft Hood 
Ventilated collar-type 
exhaust hoods 
Continuous liner 
product off-loading 
system 

Custom-fabricated 
enclosures 
Downdraft room 
Ventilated collar-type 
exhaust hoods 
Continuous liner 
product off-loading 
system 

Spraying 

Ventilated Laboratory 
Hood + built-in water 
wash down systems 

Walk-in hood Custom-fabricated 
walk-in booths  

Custom-fabricated 
walk-in booths (built-
in water wash down 
systems) 

Machining (sawing , 
grinding, etc) 

Ventilated Laboratory 
Hood (partial enclo-
sure) 
Movable LEV sys-
tems (extendable 
arms) 

Custom-fabricated 
Movable LEV 
systems (extend-
able arms) 

Movable LEV sys-
tems (extendable 
arms) 
Custom-fabricated 
walk-in booths (Wet 
suppression) 
 

Movable LEV sys-
tems (extendable 
arms) 
Custom-fabricated 
walk-in booths (Wet 
suppression) 
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A proper maintenance of the technical measures depicted in the table must be conducted, including addi-
tional system checks to ensure adequate system performance. The following table depicts recommended 
technical measures in relevant activities in the life cycle of ENMs.  
 
Table 29. Recommended Technical measures for controlling occupational exposures to ENMs in relevant 
operations in production facilities.  
 

 

 
The selection of technical measures not only depends on the stage of the life cycle and/or related opera-
tions, being necessary to consider the toxicity potential and dustiness of the ENM handled.  
 
It shall be noted that the selection of the technical 
measures should be based on the specific work-
place conditions and results of the risk assess-
ment conducted by a competent person knowledge-
able of the operative conditions and exposure situa-
tions.  
 
The following table summarizes the degree of rec-
ommendation of different technical measures when 
dealing with ENMs in the workplace.  
 
 
 
 
 
 
 

 
Ventilated technical measures 

Non ventilated 
technical measures 
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Material Unpacking X X    X  X X   

Weighing (Dry Pow-
der and liquid disper-
sions) 

X X   X X X X    

Transferring  X    X    X   

Sonicating X        X   

Mixing (Dry Powder 
and liquid dispersion) X X  X X   X    

Synthesis (Dry/ liq-
uid) X  X      X   

Packing / bag filling X     X X X X X X 

Spraying X    X X      

Machining X   X X    X   
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Table 30. Recommended technical measures when working with ENMs  
 
Protection level  Technical Measures 

Highly recommended  
(High protection)   

 Local exhaust enclosure (Glove Box)  
HEPA filtered down flow booth 
Custom-fabricated enclosures 
HEPA filtered down flow room   
Ventilated Laboratory Hood + built-in water wash down sys-
tems (sprays) 
Negative pressure rooms  

Acceptable level of pro-
tection (non-hazardous 
ENMs 

 Ventilated Laboratory Hood (partial enclosure)  
Biological safety cabinet (small amounts of ENMs) 
Walk-in hoods 
Ventilated collar-type exhaust hoods 
Movable LEV systems (extendable arms) 
Receiving hood (hot process) 
Work processes in furnaces (High cost)  

Not recommended   Biological safety cabinet (Amounts above 100 g) 
Ventilation by dilution  

 
3.3.2. Personal protection equipment (PPE)  
 

According with the hierarchy of controls, the use of PPE is the least desired option for controlling worker 
exposure, being used when engineering and administrative controls are not feasible or effective in reducing 
exposures to acceptable levels.  
 
In view of the data retrieved from the literature and the results achieved within the project, respiratory protec-
tion equipment, chemical protective gloves, protective clothes, and safety googles can provide an acceptable 
level of protection to ENMs if they are properly selected and used, however, there are still some challenges 
when dealing with ENMs associated with the fitting factor (face seal leakage) of respiratory protection 
equipment or the degradation potential of solvents where ENMs are dispersed in the case of protective 
gloves and clothing.  
 
The selection of personal protective equipment should be based on a comprehensive personal protection 
implementation program developed after the thorough analysis of the existing operations and processes, and 
hazard potential of the ENMs to be handled.  
 
This chapter provides recommended personal protective equipment when dealing with ENMs in laboratory 
scale facilities and occupational settings.  These recommendations should be advised by each company’s 
own hazard assessments. 
 
Respiratory protection equipment  
 
Several studies have shown that respirators tested 
and certified under the current NIOSH and EU 
certification test methods provide expected levels 
of filtration efficiency against ENMs. However, total 
inward leakage (TIL) ratios determined in relevant 
studies suggest that face seal leakage, and not 
filter penetration, is a key parameter to be consid-
ered when working with ENMs.  
 
The studies conducted within NanoRISK conclud-
ed that particulate respirators may be used to help 
reduce exposure during nanomaterial production 
and handling process.  
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It should be noticed that the RPE must be suitable for the task conducted and must be face-fitted for the 
individual. The following table provides a list of recommended RPE considering relevant activities in the life 
cycle.  
 
Table 31. Recommended Respiratory Equipment type in relevant activities at laboratory scale  
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RPE type  Filter Type              
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rin
g 

de
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(a
ir 
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Filtering 
Facepiece 
 

P1  X            
P2  X            
P3 X X X X   X      X 

Half-Face 
mask 

P1              
P2  X  X  X X    X   
P3  X X  X X  X X X X  X 
Combined     X  X  X  X  X X 

Full-Face  
mask 

P1              
P2           X   
P3        X X X X X  
Combined        X  X    

 
Table 32. Recommended Respiratory Equipment type in relevant activities in industrial facilities 
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RPE type  Filter Type                

Fi
lte

rin
g 

de
vi

ce
s 

(a
ir 

pu
rif

yi
ng

) Filtering 
Facepiece 
 

P1  X              
P2  X              
P3 X X              

Half-Face 
mask 

P1                
P2   X    X    X     
P3   X X X  X X X X X X    
Combined     X  X  X  X     X 

Full-Face  
mask 

P1                
P2    X       X     
P3    X X X  X X X X X X X X 
Combined    X  X  X  X   X X X 

RPE type  Filter Type                

A
ir 

su
pp

lie
d Half-Face  N/A              X  

Full-Face   N/A             X X  

Helmets / 
Hoods N/A              X  
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It should be noted that the use of RPE must be complemented with dermal protective equipment, safety 
googles, and technical measures. 
 
PPE manufacturers continue working in innovations to provide better protection factors when dealing with 
ENMs. Recent publications and guidelines include recommendations to be considered when selection a RPE 
to reduce exposure during nanomaterial production and handling, including:  
 

1. Use of RPE equipped with highly charged microfibers. Much of the RPE manufacturers have avail-
able in their product catalogue half mask and full-face respirators incorporing electrostatically charged 
fibers (electret media). 

2. A key parameter to ensure the effectiveness of respiratory protective equipment is the face seal. It is 
highly recommended to use RPE offering innovation in face seal, ranging from new silicone based ma-
terials to inflatable seals. Moreover, the use of a double flange facepiece for full-facepiece respira-
tors is thought to be both more comfortable and to fit better, because it didn’t slip and because the 
second flange offered a backup seal in case of leakage through the first flange 

3. Strap attachment and design can play an important role in the effectiveness of respirators. Five ad-
justable straps on a full face mask appear to be the minimum number to ensure a seal. It is recom-
mended to avoid a strap across the ears. In this sense, the strap must pass either above or below, 
with further adjustment generally required because a strap will remain anchored on the back of the 
worker’s head only at certain points. 

4. The incorporation of an adhesive sealing material in the face seal has also been reported to increase 
the fitting factor and reduce the total inward leakage.  

It shall be noticed that a wide range of material properties are important to good design, including mechani-
cal, chemical and physical properties, comfort, ability to withstand degradation, thermal conductivity, trans-
parency, compatibility with other parts of the respirator, cost and speech transmission.  

Skin protection equipment (SPE) 

Most of the studies published recommend wearing chemical protective 
gloves and protective clothes when working with ENMs.  
 
Air-Tight polyethylene clothes are found to be more resistant to penetra-
tion and permeation than cotton or polyester. Concerning chemical pro-
tection gloves, the preferential material is nitrile, followed by latex and 
chemical resistant triple polymers.  

The permeation time and the chemical compatibility of the 
glove/clothing material with the respective nanomaterial should also be 
taken into account. 
 
A no-exhaustive list of recommendations concerning chemical protective gloves retrieved from published 
guidelines and peer reviewed publications is detailed below:  
 
Table 33. Recommended chemical protective gloves  
 
Material  Category Applications   Contact period  

Nitrile III 

Dry powder  
ENMs in liquid using nitrile gloves with extended 
sleeves 
ENMs in solvents, oils, greases, and some acids 
and bases. 

Incidental  
Extended (thicker reusable 
glove) 

Latex III ENMs in powder or in water suspension 
Not use with ENMs in organic solvents 

Incidental  
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Material  Category Applications   Contact period  
Butyl  
rubber 

III ENMs in water / solvents  
Not recommended with dry dispersions  

Extended  

Neoprene III ENMs is liquid dispersions (if corrosive)  Extended  
Norfoil 
gloves  

III Highly toxic ENMs in liquid dispersions 
Poor fit 

Extended  

Cotton  III Not recommended  - 
 
The following table recommends chemical protective gloves under different operations.  
 
Table 34. Recommended Respiratory Equipment type in relevant activities in industrial facilities 

 
 
In the case of protective clothing, the use of the use of non-woven materials made by synthetic textile fibers 
is highly recommended. The most common type of material used when dealing with  
 
ENMs in occupational settings is made of non-woven high density polyethylene textile. Only in  some situa-
tions where the likelihood of exposure is low and the ENMs handled are non-toxic, the use of cotton or cot-
ton-polyester materials may provide sufficient protection. 
 
A no-exhaustive list of recommendations concerning chemical protective clothing retrieved from published 
guidelines and peer reviewed publications is detailed below:  
 
Table 35. Recommended chemical protective clothing  

Category Fabric Type EN Type Exposure  

Disposable 
Protective 
coveralls  
(Full Body 
Suit) 

Polypropylene/ 
Polyethylene 
Laminate 
 

3 Strong and directional jets of ENMs dispersed in liquids  

4 Liquid aerosols of ENMs 
5 Airborne ENMs (dry particles or fibres)   

6 Light spray -splash 

Ventilated / 
pressurised 

Polymeric 
materials  

EN 1073-1 
(Class 4) Radioactive particules –  Radioactive Labelled ENMs  
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Gloves 
Type 

                  

Nitrile X X X  X X X X X X X X  x x x x x 
Latex X X   X X  X        x x  
Butyl   
rubber  X X   X X  X  X X   

x x  x x 

Neoprene   X   X   X  X X   x  x  
Norfoil 
gloves               x x  x x 

Cotton     X               
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Category Fabric Type EN Type Exposure  
protective 
suit 

EN 1073-1 
(Class 5) Radioactive contaminations  

Disposable  
Lab. coats 

Spunbonded 
polypropylene N.A Non recommended (Used for Non-Hazardous dust and 

light liquid splashes) 

Laboratory 
coats  

Polypropylene 
Breathable 
SMS Fabric 

6 Light duty protection against non-hazardous spray -splash  

Protective 
Oversleeves 

Microporous 
PE Laminate N.A Wearer's arms against light liquid splashes and non-

hazardous airborne ENMs. 

Aprons PVC N.A Light splash (Non recommended for ENMs ) 

Protective 
Overboot 

Microporous 
PE Laminate N.A Airborne ENMs  

Light liquid splashes containing ENMs  

 

In view of the information retrieved from literature and results from the project, the following recommenda-
tions can be defined: 

• Particulate protection clothes are mostly made 
from non-woven fabrics. Porous fabrics are used 
for particulate protection and coated/laminated fab-
rics are used for liquid and gas protection.  

 Non-microporous PE Laminate offers a good barri-
er against hazardous ENMs in dry form or dis-
persed in liquids (water / solvents). This fabric of-
fers excellent barrier protection for sub-micron par-
ticles, with up to 99% holdout of < 0.5 micron parti-
cles.   

 Microporous PE Laminate offers a good barrier 
against hazardous ENMs in powder and liquid 
splashes. 

 Avoid the use of protective clothing made with 
cotton fabrics. Woven protective clothing materials 
offer poorer protection than membrane materials. 
Additional protection against chemicals may be 
necessary under certain circumstances. 

 Breathability of material is another important factor 
to be considered. To achieve an effective protec-
tion, protective clothing materials that can provide 
a combination of high barrier performance and 
thermal comfort is essential.  

 
 
The following table recommends specific types of protective clothes that can be used to prevent occupational 
exposure to ENMS under different situations:  
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Table 36. List of protective clothing types to be used against ENMs in relevant operations Legend: (R) Rec-
ommended; (A) Expert advice needed before use; (NR) Not recommended; (C) Complementary to recom-
mended. 
 

  Full Body Protec-
tive coveralls 

Laboratory 
coats 

Complementary 
garments  

Operations Exposure / Hazard 
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Material Unpacking (Dry pow-
ders)   

Airborne particles in 
the nanometer scale 

R R R NR  C C C 

Material Unpacking (Liquid 
dispersions) 

Hazardous nano-
aerosols 

R R R NR A C C C 

Material Unpacking (Bonded / 
Coated) 

Airborne particles   R R R A A C C C 

Weighing (Dry Powder) 
Airborne particles in 
the nanometer scale 

R R A NR A NR NR C 

Weighing (Liquid dispersions) 
Hazardous nano-
aerosols 

A R A NR A NR NR C 

Transferring / Pouring (Dry ) 
Airborne particles in 
the nanometer scale 

R R A NR A NR NR C 

Transferring / Pouring (Liquid) 
Hazardous nano-
aerosols 

A R A NR A NR NR C 

Sonicating 
Airborne particles in 
the nanometer scale 

R R R NR A NR NR NR 

Mixing (Dry Powder) 
Airborne particles in 
the nanometer scale 

R R A NR NR NR NR NR 

Mixing (Liquid dispersions) 
Hazardous nano-
aerosols 
Hazardous liquids  

A R A NR NR NR NR NR 

Harvesting (Pilot-Industrial reac-
tors) 

Airborne particles in 
the nanometer scale 

A R A NR NR NR NR C 

Harvesting ( small reactors in 
laboratories ) 

Airborne particles in 
the nanometer scale 

R R A NR A NR NR C 

Packing /Bag filling of Hazard-
ous ENMs at laboratory scale 
(<1 Kg) Airborne particles in 

the nanometer scale 

R R A A A NR NR NR 

Packing / Bag filling of Hazard-
ous ENMs at industrial scale (>1 
Kg) 

A R A A A NR NR NR 

Spraying  

Hazardous nano-
aerosols 

A R A NR NR C C C 

Non Hazardous nano-
aerosols  

A A R NR A C C C 

Light  duty cleaning  Airborne particles, 
spills, liquids  

R R R NR R NR NR NR 
General industrial cleaning  R R R NR A NR NR NR 
Machining  Airborne particles   R R R NR A C NR C 
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Eye protection equipment (SPE)  

 
Safety glasses or googles are considered to be the appropriate level of eye 
protection for working with ENMs. Safety glasses should be the minimal 
eye protection to be worn when appropriate engineering controls (e.g. 
nano-cabinet or glove box) is being used. 
 
According with the American Industrial Hygiene Association (AIHA), close-
fitting safety glasses with side shields provide protection in low hazard, low 
exposure situations when the ENMs will not become airborne.  
 
Tightfitting, dustproof (i.e., non-vented) safety goggles are recommended 
in situations involving hazardous ENMs and high exposure potentials. A full 
face shield is recommended when conducting tasks posing potential for 
any generation of aerosol and/or droplets. 
 
The risk management measures selected must provide an acceptable level of 
protection in each activity where a potential exposure to ENMs is expected. Respiratory protective equip-
ment, chemical protective gloves and protective clothing must offer a good barrier against hazardous parti-
cles in the nanometer scale (i.e. airborne nanoparticles), liquid splashes, nano-aerosols and liquids (i.e. jets).  
 
The selection of the protective equipment should be based on the specific workplace conditions and results 
of the risk assessment conducted by a competent person knowledgeable of the operative conditions and 
exposure situations.  
 
The following table summarizes the degree of recommendation of different PPE when dealing with ENMs in 
the workplace.  
 
Table 37. Recommended PPE when working with ENMs  

Protection level  Personal Protective Equipment  

Highly recommended  
(High protection)   

 Full Face particulate respirators (P3) 
Half Face particulate respirators (P3) 
Nitrile gloves – Double glove for large exposure periods  
Full body protective coverall (EN type 4-6) made of PE laminated with 
built-in hood.  
Tight-fitting, dustproof (i.e., non-vented) safety goggles 

Acceptable level of pro-
tection (non-hazardous 
ENMs 

 Half-Face particulate respirators (P2) 
Neprene gloves / Butyl gloves  
Full body protective coverall (EN type 4-6) made of polypropylene with 
or without built-in hood. 
Laboratory coats (Non-woven) 
Dustproof  safety goggles 

Not recommended   Filtering Face piece (FFP3) 
Latex / Cotton / PVC gloves  
Laboratory coats (cotton / Spunbonded polypropylene) 
Safety glasses 

 
 
The table below provides recommended measures based on the expected hazards of different sources (ac-
tivities) 
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Table 38. Recommended chemical protective clothing for common operations along the life cycle 
 
Source   Exposure  / Hazard  Protection  

Weighing  

Airborne ENMs (dry parti-
cles or fibres)   

Half Face particulate respirators (P3) 
Nitrile – Latex  gloves (Nitrile preferred) 
Laboratory coats (Non-woven) in Ventilated Laboratory Hoods 
Full body protective coverall (EN type 5) for large amounts  
Dustproof  safety goggles  

Liquid aerosols of ENMs 
(Irritating nano-aerosols) 

Half Face respirators (combined - P3) 
Double Nitrile gloves (with sleeves)  
Butyl  rubber (ENMs in solvents) 
Laboratory coats (Non-woven) in Ventilated Laboratory Hoods 
Full body protective coverall (EN type 4-6) for large amounts  
Tight-fitting safety goggles 

Harvesting  Airborne ENMs (dry parti-
cles or fibres)   

Half Face particulate respirators (P3) 
Nitrile – Latex  gloves (Nitrile preferred) 
Laboratory coats (Non-woven) in Ventilated Laboratory Hoods 
Full body protective coverall (EN type 5) for large amounts  
Dustproof  safety goggles  

Mixing 

Airborne ENMs (dry parti-
cles or fibres)   

Full Face particulate respirators (P3) for continuous operations 
Half Face particulate respirators (P3) for intermittent operations 
Nitrile – Latex  gloves (Nitrile preferred) 
Laboratory coats (Non-woven) in Ventilated Laboratory Hoods 
Full body protective coverall (EN type 5) for large amounts  
Dustproof  safety goggles (if half mask is used) 

Liquid aerosols of ENMs 
(Irritating nano-aerosols) 

Full Face respirators (combined - P3) 
Double Nitrile gloves (with sleeves)  
Butyl  rubber (ENMs in solvents) 
Laboratory coats (Non-woven) in Ventilated Laboratory Hoods 
Full body protective coverall (EN type 3-4-6) for large amounts  
Tight-fitting safety goggles (if half mask is used) 

Light spray -splash 

Half Face mask respirators (Combined - P3) 
Nitrile(Nitrile preferred) 
Butyl  rubber (ENMs in solvents) 
Full body protective coverall (EN type 4 & 6)  
Tight-fitting safety goggles 

Spraying 
operations 

Liquid aerosols of ENMs 
(Irritating nano-aerosols) 

Full Face mask respirators (Combined - P3) 
Half Face particulate respirators (P3) for intermittent operations 
Nitrile  
Butyl  rubber (ENMs in solvents) 
Full body protective coverall (EN type 3-4-6)  
Tight-fitting safety goggles (if half mask is used) 

Light spray -splash 

Full Face mask respirators (Combined - P3) 
Half Face particulate respirators (P3) for intermittent operations 
Nitrile  
Butyl  rubber (ENMs in solvents) 
Full body protective coverall (EN type 4 & 6)  
Laboratory coats (Non-woven) for lab-scale operations 
Tight-fitting safety goggles (if half mask is used) 

Machining  Airborne ENMs (dry parti-
cles or fibres)   

Full Face particulate respirators (P3) for continuous operations 
Half Face particulate respirators (P3) for intermittent operations 
Nitrile – Latex  gloves (Nitrile preferred) 
Laboratory coats (Non-woven) in Ventilated Laboratory Hoods 
Full body protective coverall (EN type 5) for large amounts  
Dustproof  safety goggles (if half mask is used) 
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Source   Exposure  / Hazard  Protection  

Airborne agglomerates / 
aggregates  

Full Face particulate respirators (P3) 
Neoprene gloves  
Laboratory coats (Non-woven) for lab-scale operations  
Full body protective coverall (EN type 5) for large amounts  
Dustproof  safety goggles (if half mask is used) 

Large fragments / particles  

Filtering Face piece (FFP3) for intermittent operations  
Half Face particulate respirators (P3) for continuous operations  
Latex / Cotton / PVC gloves  
Laboratory coats (cotton / Spunbonded polypropylene) 
Dustproof  safety goggles  
Safety glasses for low energy operations 

 
 
3.4. Selection charts and Library on the effectiveness of RMMs  
 
3.4.1. Selection of  Personal protection equipment (PPE)  
 
 
The selection of personal protective equipment can be conducted according to the actuation sequence pre-
sented in the figure below.  
 

 

 
 
Figure 37. Criteria for the selection of PPE 

1. Identification and assessment of the risks that motivate the use of PPE 

This first step is to determine the equipment to be used. Depending on the type of exposure, it may be nec-
essary to use one or more PPE. In any case the type of them come determined by the route of entry of con-
taminants into the body of professionally exposed workers.In general, it can establish the existence of three 
basic situations  
 
Table 38. Route of exposure and equipment to use 
 
Route of exposure  Equipment to be used 

Inhalation  Respiratory protective devices 
Dermal  Protective gloves  

Clothing 
Footwear 

Eye contact  Protection glasses 
 
If in the course of labor activity, it can exist several routes of exposure, it will be necessary to resort to the 
use of various protective equipment simultaneously or the use of a multi-risk equipment. An example of 
characteristic combination is presented in the table below. 

Job characteristics and worker 
CE marking 
Informational brochure 
Harmonized technical standards 

Definition of the characteristics of 
required PPE 

Identification and assessment of the risks 
that motivate the use of PPE 

PPE acquisition 

Route of exposure - Part of the body to be protected 
Nature and magnitude of exposure 

Possible suitable PPE 
Worker participation 
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Table 40.Coexistence of routes of exposure and use of personal protective equipment 

Route of exposure Recommended equipment 

Route of exposure Combination of equipment Multi-risk equipment  
Inhalation + eye contact Half mask + filter + protection 

glasses 
Full face mask + filter 

 

2. Definition of characteristics of required PPE 
PPE should be appropriate to the risk against which they will protect. The sequence of action based on tech-
nical parameters that should be considered for different types of equipment is shown in the following deci-
sions diagrams. 
 
A) Respiratory protective devices 

The selection of a respiratory protective equipment (RPE) depends on the data provided in the risk assess-
ment, should especially take into account the following: 

 - Oxygen concentration throughout the duration of the work or exposure. 
 - Chemical hazardous, including asphyxiants, and physical state of the pollutant (dust, fiber, smoke, 

gas, steam, etc.). 
 - Maximum concentration that can be found in the atmosphere and Threshold Limit Value. 
 - Adaptation of the equipment to the work environment, to the user and to the characteristics of the task 
 - Other risks (e.g. splashes, sparks, fire…) that are related to work and can influence the selection and 

use of equipment. 
 
Figure 39 shows a diagram of a possible sequence of action to follow in the selection process of RPE. It can 
be seen that there are certain factors that lead inescapably to the use of insulating equipment, among which 
can be highlighted oxygen deficiency, ignorance about contaminants or immediately dangerous to life or 
health (IDLH) atmospheres. 
 

 
Figure 39. Diagram of decision for the choice of respiratory protective equipment 
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B) Protective clothing 
 
For chemical protective clothing, the material of manufacturing and the costume design play a key role in the 
protection. Of the costume design will depend the tightness of the equipment, i.e., the resistance to entry of 
chemicals, in its different presentation forms (powders, liquids and gases) through seams and joints. The 
classification of chemical protective clothing that make European standards, in its various types, is based on 
this tightness. The choice of one or another type of clothing depends on the exposed part of the body and 
the form of presentation of the contaminant. The figure includes a diagram of decision for selection. 
 
 

 
 
Figure 40. Flow chart for the selection of protective clothing 
 
C) Protective gloves 

The level of protection of the glove against a chemical depends mainly on the type of material and the specif-
ic chemical. This level of protection is determined based on the material's resistance to permeation of the 
product through it in laboratory conditions and this parameter is measured in terms of a time of passage or 
Breakthrough time. This Breakthrough time, in minutes, serves to classify the glove material into six classes 
or levels from Class 1 to 6.  
 
The manufacturer should refer in the informative brochure to chemicals tested and to classes of permeation 
obtained. 
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Figure 41 shows a flow chart developed to support the selection of adequate chemical protective gloves.  
 

 
 
Figure 41. Flow chart for the selection of chemical protective gloves  
 
 
3.5.  Conclusions 
 
In general terms, the results of the study conducted revealed that an adequate protection of the human 
health and the environment can be achieved by means of the combination of administrative controls, en-
gineering controls and personal protective equipment. Notwithstanding, a proper risk evaluation by exper-
tise staff should be conducted to evaluate the risk in the workplace. Moreover, as in the case of larger-
scale chemical substances, employers should arrange to review regularly the adequacy of the precautions 
taken, particularly if the circumstances of use change or in the light of new technical developments or infor-
mation on the nanomaterials. 
 
This deliverable reflects that there is an urgent need to continue working in new designs and innova-
tions to increase the performance levels of respiratory protective equipment (RPE), dermal protec-
tion equipment (DPE) and engineering controls (EC) against nanomaterials, with special emphasis on 
the need for considering realistic condition of use. 
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As can be derived from the present document, the control of exposure via inhalation is a key priority for 
ENMs. The tested nanoparticles were able to cross the respirators tested and reach the tracheobronchial 
area of the Sheffield head, where the real time measurement devices where located.  
 
Several studies reported by NIOSH and/or UE certified respiratory protective equipment provide expected 
levels of filtration efficiency against nanoparticles. However, total inward leakage (TIL) ratios determined in 
relevant studies suggest that face seal leakage, and not filter penetration, is a key parameters to be consid-
ered when working with nanoparticles.  
 
The experimental studies within NANoREG showed a similar response of the respirators tested, especially 
disposable respirators, where a low fitting performance is expected.   
 
In view of such results, and considering data from relevant guidelines and scientific publications, the and 
following recommendations can be defined:  
 
1. Use of RPE equipped with highly charged microfibers. Much of the PPE manufacturers have avail-

able in their product catalogue half mask and full-face respirators incorporing Electrostatically charged 
fibers (electret media). 

2. A key parameter to ensure the effectiveness of respiratory protective equipment is the face seal. It is 
highly recommended to use RPE offering innovation in face seal, ranging from new silicone based ma-
terials to inflatable seals. Moreover, the use of a double flange face piece for full-face piece respira-
tors is thought to be both more comfortable and to fit better, because it didn’t slip and because the 
second flange offered a backup seal in case of leakage through the first flange. 

3. Strap attachment and design can play an important role in the effectiveness of respirators. Five ad-
justable straps on a full face mask appear to be the minimum number to ensure a seal. It is recom-
mended to avoid a strap across the ears. In this sense, the strap must pass either above or below, 
with further adjustment generally required because a strap will remain anchored on the back of the 
worker’s head only at certain points. 

4. The incorporation of an adhesive sealing material in the face seal has also been reported to increase 
the fitting factor and reduce the total inward leakage.  

 

On the basis of the market trends and end user requirements, it is expected a continuous grow in the 
market of new type of respiratory protection equipment offering high performance levels against 
particles in whatever form and size. Special emphasis on the enhancement of the face seal during normal 
conditions of use shall be considered as key priorities to reduce the levels of exposure in occupational set-
tings. 

 
Regarding the results encountered during the test conducted with chemical protective gloves, we found that 
both latex and nitrile gloves are a good barrier against ENPs, with no appreciable permeation. The effi-
ciency of protective gloves was a function of the material, reaching values from 95% to 99% depending on 
the type of glove. For the same material, the ones with greater thickness achieved better results. Additional-
ly, images about the surface of the gloves were obtained by SEM. They showed that some materials pre-
sented imperfections or gaps in their surface which could offer a way to the NPs to penetrate inside the 
glove.  
 
In view of the studies conducted under task 3.5, and considering data from relevant guidelines and scientific 
publications, the and following recommendations can be defined: 
 

1. A much higher efficiency against nanoparticle penetration is expected form nitrile, vinyl, latex and ne-
oprene commercial gloves. These materials are thus recommended when working with nanoparticles.  

2. The mechanical deformations suffered by gloves in service as well as the presence of a micro-
climate inside the gloves may also affect the penetration of the nanoparticles. To cope with this 
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situation, the thickness of glove material and the requirement for textured or non-slip surfaces to im-
prove grip must be considered. 

3. Wear latex or nitrile gloves when handling nanoparticle powders and nanoparticles in water suspen-
sion (glove changes should be performed frequently). 

4. Great care must be taken when selecting protective gloves for handling nanoparticles in solutions.  
The use of butyl rubber gloves in highly recommended, providing excellent chemical resistance to a 
wide range of chemicals, including colloidal dispersions of nanoparticles.  

 
Results concerning protective clothes showed that common protective coveralls offered a proper protection 
(upper 93%) against NPs, being similar to the efficiency of this type of protective clothes against chemicals, 
including vapour, gas, liquid jet, sprayed liquid, small splashes or dust and particles.  
 
The use of the use of non-woven materials made by synthetic textile fibres is highly recommended.  
Moreover, the use of layered textiles produced by electrospinning PA6 nanofibers onto a nonwoven viscose 
substrate have been demonstrated to improve the efficiency of conventional materials. 
 
The most common type of garment used when dealing with nanoparticles in occupational settings is made of 
spunbonded nonwoven olefin fabric. To date, this material is used in particulate protection and relatively low 
levels of splash. When higher levels of splash are expected, this material is coated with polyethylene or other 
polymers and used in splash suits for protection against many dangerous liquids. 
 
 
Finally, local exhaustive ventilation (LEV) systems are a primary engineering control for controlling occupa-
tional exposures to nanoparticles, been demonstrated to be effective at removing nanoparticles at their 
source, limiting or eliminating worker exposures altogether. 
 
The experimental studies conducted within task 3.5 demonstrated that a proper hood design together with 
an adequate airflow are key to ensure the capture of much of the nanoparticles released to the work-
place environment. 
 
Recommended containment systems on the basis on the levels of exposure, considering the use of a captur-
ing hood for small levels of concentrations, and a total enclosure for high levels of exposure. Total enclosure 
or partial enclosures such as fume cupboards will be reasonably practicable for many operations with ENPs, 
including manufacture/synthesis and weighing. 
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4. Data Management 
 
Both SOPs and experimental results reported here can be made available, being not restricted due to confi-
dentiality issues. The overall management of the data generated under task 3.5, as well as under other tasks 
under WP is being discussed at the time of writing.  
 
The data and results generated under the framework of task 3.5, including data on the effectiveness of res-
piratory protective equipment (RPE), chemical protective gloves (CPG), protective clothes (DPE), and local 
exhaustive ventilation (LEVs) systems against nanomaterials will be transferred to the risk management 
measures library developed, expected to be available under section 3.6 “Risk Characterization” of the 
NANoREG toolbox.  
 
The flowcharts developed to guide the user on the selection of recommended measures, and depicted under 
this deliverable, are expected to be included under section 3.6 of the NANoREG Toolbox, being a key tool to 
support the selection of proper measures to reduce the levels of particles in the nanometer range in the par-
ticle breathing zone and dermal contact are of workers exposed to nanomaterials in workplaces.  
 
Beside the above, the performance factors defined per each RMM category will be transferred to existing 
tools oriented to support risk characterization and risk management, including the Nano Exposure & Contex-
tual Information Database (NECID) hosted by PEROSH , the ECEL library hosted by TNO, and the exposure 
estimation models NanoSafer, available at http://nanosafer.i-bar.dk/), and The Advanced REACH Tool 
(ART), available on www.advancedreachtool.com. 
 
Concerning the use of the SOPs developed within NANoREG, all of them can be included into the 
NANoREG Toobox, in particular under section 3.3 “REACH adaptation rules”, providing regulators and in-
dustry with a robust compendium of procedures to evaluate whether a specific type of personal protective 
equipment or local exhaust ventilation systems shall be used to guarantee a safe working environment when 
dealing with nanomaterials as such, or dispersed in a liquid.  
 
 

6. Deviations from the Workplan 
 
The deliverable 3.5 was initially due by May, 2016. However, due to the need for calibration of the measure-
ment devices it was needed to extent the activities three months. It shall be noted that the delay will not af-
fect the review of NANoREG deliverables by the ProSafe Task Force in preparation of the meeting in No-
vember.  
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9. Annexes 

Annex 1: Respiratory protective devices. Determination of inward 
leakage (IL) and total inward leakage (TIL) of nanoparticles. 
 
Authors 
(Authors who actively 
wrote the report)  

Maida Domat-Rodriguez / maida.domat@itene.com   
Carlos Fito-López  /  carlos.fito@itene.com  
Enrique de la Cruz  / ecruz@itene.com 

 
Aim(s) or Objective(s) of SOP 
The present operating document aims to characterize the efficiency of respiratory protective equipment 
(RPE) against nanomaterials. It indicates how to calculate the  total inward leakage (TIL) and  inward leak-
age (IL) of filtering face pieces (FFP), half masks (HM) and full mask (FM).  
 
 

Scope and objectives of the SOP 

This method determines the (total) inward leakage (IL, leakage of ambient air into the facepiece from all 
possible sources excluding equipment filters, TIL when including them) of nanomaterials in masks and 
full face masks using solid sodium chloride particulate aerosol (NaCl atmosphere). 

The protocol is based on the European standard UNE-EN 13274-1 2001 “Respiratory protective 
devices - Methods of test - Part 1: Determination of inward leakage and total inward leakage”. This 
norm specifies general procedures for the determination of the IL into facepieces or Respiratory 
Protection Devices (RPD), excluding filters, with two methods, one using aerosol particles of NaCl and 
the other using a trace gas such as sulfur hexafluoride. 

Performance factor and principle of the method  
 
The inward leakage and total inward leakage gives an idea of the penetration of particles into the RPD, 
and is determined by measuring the concentration of the test substance (NaCl in the nanometer range) in 
the test atmosphere and inside the respiratory protective equipment. 
 
Requirements  
 
Samples: The minimum number of samples is at least 2 different masks on each of the test subjects, includ-
ing a minimum of 10 persons, 5 women and 5 men. 
 
Testing concentration: the maximum concentration will be given by the resolution of the devices. The range 
of concentrations will be chosen such as the maximum concentrations is within the 80% of the maximum 
capable to be measured by the counters and the minimum to be ≥ 5% of their minimum. Variability in con-
centration cannot be greater than 10% between beginning and end of tests, and particle size distribution 
must have a geometric mean diameter below 100 nm. 
 
Conditioning: Ambient temperature in the test chamber shall be within the range (16 – 32 ± 1) °C. 
 
Masks under test are either new from manufacturer or have been pre-conditioned to simulate the ageing 
process. Pre-conditioning is done by heating the mask during 24 hours at 70ºC in dry or low humidity condi-
tions (hr < 20%) and then freeze it at -30ºC for another 24 hours. In the case of full masks, the heating pro-
cess lasts 72 hours and a further heating of another 72 hours at 70ºC but with high humidity (hr > 90%) is 
added, plus a freezing of 24 hours at -30ºC 
 
 
Tests subjects: Tests subjects are selected considering physical conditions and relevant  morphological 
parameters, including: face length, face width, face depth and mouthwidth.  
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The testing method can be continuous or intermittent, in any case continuous measurements can be done 
and then selected the ones corresponding to the inhalation phase for the intermittent test.  
In the case of the tests with human subjects, an auxiliary sheath flow of dry, clean air must be supplied to the 
test room along with an exhaust provided with a particle filter, in order to make the particles flow and distrib-
ute homogenously. This flow rate cannot be in any case higher than the total flow provided to the room, 
since that would remove the particles. 
 
The testers will evaluate subjectively whether the mask fits properly the subject and if is capable to perform 
the exercises proposed. Indications shall be given in case the subject is mistaken, has doubts or is doing any 
exercise in a different way as proposed. 
 
Safety and protection of the health: while performing tests with human subjects all the rules of risk preven-
tion must be observed, to ensure the safety and health of those exposed to chemical agents and test condi-
tions. 
 
Measurement Equipment 
The general equipment needed for conducting the test is: 

 Collison-type atomizer of ultrafine particles, such as the Aerosol Generator 3076 TSI or the PALAS AGK 
2000 nebulizer. 

 Device(s) to measure concentrations of ultrafine particles (such condensation, optical or impactor parti-
cle counters) with a response time of approximately 1 second. 

 Test chamber according EN 136 standard. 
 Treadmill with an adjustable speed of (5 ± 0.5) km/h. 
 Pipes for sampling. 
 Clean air supply (breathable). 
 Switch valve. 
 Chronometer. 

A detailed description  of the two types of tests considered under the scope of this SOP is depicted below: 
 
Test with human subject (wearer) 

A person has to wear the mask following the instructions of the manufacturer. The mask has to be adequate 
to his/her facial dimensions and has to fit well. This is checked subjectively, asking the subject if the fitting is 
correct, and objectively, testing the vacuum of the mask to the face. Filter of the masks is either removed or 
disabled to tests the IL, and clean air is supplied to the subject with a valve that only allows the pass of air 
during inhalation. In case air cannot be supplied, a high performance filter has to be placed into the mask. 

The subject is placed on a treadmill running at a constant velocity of 5 km/h  and while walking, the subject is 
asked to do the exercises descripted in section 5. Each test subject shall wear the respirator facepiece for 
approximately 5 minutes before beginning the test. 

Particle concentration is measured inside and outside the mask measured with condensation, optical or im-
pactor particle counters with a response time of approximately 1 second; although any kind of particle sizer 
is useful to complement the data and classify results into inhalable or respirable fractions.  

Sampling is performed either in continuous or intermittent mode. The leakage of the masks is calculated as 
shown in the calculation procedure section of the present protocol. 

Test with head test (headform) 

A Sheffield head is placed within a closed chamber where a recirculating clean, dry air is flowing. The test 
aerosol is inserted in front of the mask and concentrations are measured outside and inside the mask, near 
the breathing zone. A pump is connected inside the mask to simulate the aspired flowrate of a person. Filter 
of the masks is either removed or disabled to test the IL. 
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Particle concentrations are measured with condensation, optical or impactor particle counters with a re-
sponse time of approximately 1 second; although any kind of particle sizer is useful to complement the data 
and classify results into inhalable or respirable fractions. Once the concentration in the chamber is stable, it 
can be measured at least 1 minute on each place.  

Sampling is performed either in continuous or intermittent mode. The leakage of the masks is calculated as 
shown in the calculation procedure section of the present protocol.  

 

Setup of the experiment in the chamber with the test subject. 

 

 
 
Apparatus and arrangement to evaluate the inward leakage with NaCl test with test headform. 
 
Operating procedure  

Test with human subject (wearer):  

Inside the test chamber and surrounded by an atmosphere containing a known concentration of the test sub-
stance, the person wearing the respirator (the wearer) walks on the treadmill at 5 km/h. the steps to be con-
ducted are: 

1. Adjust the equipment to the test subject, in accordance with the manufacturer’s instructions. 
2. Place the wearer on the treadmill inside the cabin. 
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3. Connect the sampling probe and, if required, the provision of clean air controlled by the switch valve, to 
insert air only during the inspiration of the test subject in order to do not dilute the concentration inside 
the mask.  

4. Put into operation the equipment. 
5. Start the treadmill and make the wearer walk at 5 km/h for 2 minutes. 
6. Measure the concentration of the test agent in the facepiece to establish baseline. Wait for stable read-

ing. 
7. Connect the test atmosphere and instruct the wearer to keep walking two minutes or until the test at-

mosphere has stabilized. 
8. While the wearer walks, is asked to perform a series of exercises: 

 - walk for two minutes without moving the head or talking; 

 - moving the head from side to side (about 15 times) as inspecting the walls of a tunnel for 2 minutes; 

 - move the head up and down (about 15 times) as inspecting the floor and the ceiling for 2 minutes; 

 - recite aloud the alphabet or an agreed text, as if it were communicating with a partner, for 2 minutes; 

 - walk for two minutes without moving the head or speak. 

9. Record the concentration into the cabin and the leakage in each exercise period. 
10. Disconnect the test atmosphere and withdraw the wearer from the cab when the substance is gone. 
11. Ask for and record the subjective evaluation of the equipment by the test subject. 
12. Clean, disinfect and dry the equipment after use for each test subject. 
13. Measure preferably the concentration of test and of the equipment with separate sampling system. 

Test with head test (headform): 

1. The mask is placed onto the Sheffield head as it would be worn by a person. Filter of the mask must be 
removed or disabled in order to test the IL. Clean air supply is no needed for the rubber head.  

2. Concentrations are measured right before the mask and behind it as shown in Fig. 4.  

3. To simulate the breathing process, in concrete the inhalation, a pump has to be placed in the inner part 
or mouth of the head.  

4. After concentration outside the mask is stable, measurements are performed either in continuous or 
intermittent sampling, as described in section 8. 

 
Calculation Procedure  
 
Intermittent sampling 
Penetration (P) is calculated from measurements made during the last 100 seconds of each exercise period 
to avoid dragging the results from one period to another. 

 

 

C1 test concentration (considering the dilution rate to measure C2); 
C2 average concentration measured inside the facepiece, corrected by the reference signal; 
tIN total duration of inhalation (s); 
tEX total duration of exhalation (s). 
 



 
 

NANoREG Deliverable 3.09 
Page 79 of 105 

1,25 is a correction factor due to the retention of sodium chloride in the lungs (it has been inferred 
assuming an air flow of the equipment of 120 l/min and a respiration rate of 40 l/min). 

 
Validation criteria  
 
 Subjects with respiratory problems, long beards or ill fittings of the masks shall be excluded. It is not al-

lowed to eat or smoke 30 minutes before the test.  

 If the mask is visually damaged, broken or incomplete will be discarded, as well as if it is not capable to 
perform vacuum on the tester. 

 A preliminary questionnaire (Appendix A) about the suitability, comfort and well-fitting of the masks shall 
be filled by the subject, being the results decisive for the suitability of the subject to perform the test.  

 If the subject does not obtain a passing reading, the test shall be repeated after at least 1 minute of the 
subject resting without wearing the mask. This procedure can be repeated up to three times. If after three 
trials a pass reading is not obtained, the test comments shall be noted and the test results with this sub-
ject neglected 

 
Data treatment and reporting  
 
 The test report shall contain the following information: 
 
 Reference to this procedure. 
 Identity of the manufacturer of the facepiece tested. 
 Identification of the facepiece tested and description of any pre-treatment and/or pre-conditioning done. 
 List and identification of the equipment used in the test. 
 Temperature and relative humidity inside the test chamber. 
 Size of the facepiece tested, identification of the test subject and his/her facial dimensions. 
 Leakage by phases (expressed in %) and average value. 
 Any comments considered appropriate by the person who has carried out the tests. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Continuous sampling 

Leakage or penetration is calculated from the following expression: 

C1 is the test concentration (considering the dilution rate used in the calculation of C2); 
C2 is the average concentration measured inside the facepiece, corrected by the reference signal; 
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Annex 2: Respiratory protective devices. Determination of particle filter 
penetration. 
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Aim(s) or Objective(s) of SOP 
The present operating document aims to characterize the penetration of nanomaterials through particulate 
filters used in respiratory protective equipment and high efficiency filters (HEPA) used in local exhauxtive 
ventilation systems (LEV).  
 
 

Scope and objectives of the SOP 

This This method determines the penetration of nanoparticles in particle filters for respiratory protection, 
using solid sodium chloride particulate aerosol (NaCl atmosphere) or any other aerosolized material. 

The protocol is based on the European standard UNE-EN 13274-7 2008 “Respiratory protective 
devices - Methods of test - Part 7: Determination of particle filter penetration”. This norm specifies 
general procedures for the determination of the penetration into particle filters destined to be used with 
respiratory protective equipment.  

The main change to the European norm is basically the use of concentrations of nanoparticles 
(distributions with geometric mean diameters below 100 nm) for the test, which requires the use of 
specific devices to detect and generate them. 

Performance factor and principle of the method  
 
The particle filter penetration is determined by measuring the concentration (mass) of the test substance 
(NaCl) before and after the particulate filter (cartridge / HEPA filtering unit). 

Requirements  
 
Samples: the minimum number of samples is at least 2 filters of each kind, with at least 3 repetitions for 
each filter. 
 
Testing concentration: Filters can be tested with NaCl or with any other powder material.  The maximum 
concentration will be given by the resolution of the devices. The range of concentrations will be chosen such 
as the maximum concentrations is within the 80% of the maximum capable to be measured by the counters 
and the minimum to be ≥ 5% of their minimum. Variability in concentration cannot be greater than 10% be-
tween beginning and end of tests, and particle size distribution must have a geometric mean diameter below 
100 nm. 
 
Conditioning:  
 

 Ambient temperature in the test chamber shall be within the range (16 – 32 ± 1) °C. 
 Aerosol concentration in the test chamber: (0.05 – 1) e6 #/cm3 
 Relative humidity of the aerosol in the test chamber: <60% 
 Flow of the test aerosol from the generator: 3.0–3.5 l/min 
 Air pressure to the atomizer < 240 kPa 
 Air flow to the atomizer: 3.0–3.5 l/min 
 Diluted air flow: 100-1000 l/min 
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Safety and protection of the health: While performing tests with human subjects all the rules of risk pre-
vention must be observed, to ensure the safety and health of those exposed to chemical agents and test 
conditions. 
 
Measurement Equipment 
 
The general equipment needed for the test is: 
 
 Collison-type atomizer of ultrafine particles, such as the Aerosol Generator 3076 TSI or the PALAS AGK 

2000 nebulizer. 
 Device(s) to measure concentrations of ultrafine particles (such condensation, optical or impactor parti-

cle counters) with a response time of approximately 1 second. 
 Pipes for sampling. 
 Clean air supply 

 
Operating procedure  
 
Penetration test 
 
1. Dilute the aerosol between 0.1 – 10 % with the sheath air to simulate a room concentration. 
2. Position the filter opposing to the flow rate, as shown in Fig. 1.  
3. Feed the aerosol into the chamber where the test filter is attached. 
4. Pass the specific flow rate through the filter. 
5. Measure the aerosol concentration before and after the filter under test. 
6. Make accurate determinations in the range of <0.001% to 100% penetration of the filter. 
7. The penetration measurement should be taken as an average over time of (30 ± 3) s, starting 3  

minutes after the start of the test with aerosol. 
 

 
 

Setup for filter penetration testing. 
 
Calculation Procedure  
 
Penetration (P) is calculated from average of concentration measurements of each setup experiment. 

 

 
C1  NaCl concentration before the filter; 
C2 average concentration measured after the filter. 
C1 and C2 concentrations are calculated taking into account the background readings. 
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Validation criteria 
 

 If the filter is visually damaged, broken or incomplete, it will be discarded. 
 The test will be valid only in the cases where the minimum concentration after the filter is above the 

error limit of the measuring device, that is, at least a 5% above the minimum threshold of the meas-
uring device, considering the error 

 
 
Data treatment and reporting  
 
The test report shall contain the following information: 
 

 Reference to this procedure. 
 Identity of the manufacturer of the facepiece tested. 
 Identification of the facepiece tested and description of any pre-treatment and/or pre-conditioning 

done. 
 List and identification of the equipment used in the test. 
 Temperature and relative humidity inside the test chamber. 
 Flow test. 
 Maximum penetration (expressed in %). 
 Any comments considered appropriate by the person who has carried out the tests. 



 
 

NANoREG Deliverable 3.09 
Page 83 of 105 

Annex 3: Chemical protective gloves. Determination of the penetration 
resistance to nanoparticles. 
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Aim(s) or Objective(s) of SOP 
The present operating document aims to characterize the penetration of airborne nanoparticles through 
materials used in chemical protective gloves.  
 
 

Scope and objectives of the SOP 

This method determines the penetration of nanoparticles through gloves for dermal chemical protection, 
using aerosols of dry, fine dusts and airborne nanoparticles. 

This procedure uses concentrations of nanoparticles (distributions with geometric mean diameters 
below 100 nm) for which are required specific conditions and the use of devices to detect them. 

Performance factor and principle of the method  
 
The particle penetration is determined by measuring the concentration of the test substance before and after 
the glove 

Requirements  
 
Samples: the minimum number of samples is at least 2 gloves of each kind, with at least 3 repetitions for 
each glove. 
 
Testing concentration: the maximum concentration will be given by the resolution of the devices. The 
range of concentrations will be chosen such as the maximum concentrations is within the maximum capable 
to be measured by the counters and the minimum to be ≥ 5% of their minimum a 0.05% of this one. 
Variability in concentration cannot be greater than 10% between beginning and end of tests. 

Conditioning:  

 Aambient temperature in the test chamber shall be within the range (16 – 32 ± 1) °C. 
 Aerosol concentration in the test chamber at least 2.0e6 #/cm3 
 Relative humidity of the aerosol in the test chamber < 60 %. 
 Flow of the test aerosol from the generator: 3.0–3.5 l/min 
 Air pressure to the atomizer < 240 kPa 
 Air flow to the atomizer: 3.0–3.5 l/min 
 Diluted air flow: 100-1000 l/min  

Safety and protection of the health: while performing tests with human subjects all the rules of risk 
prevention must be observed, to ensure the safety and health of those exposed to chemical agents and test 
conditions. 

Measurement Equipment 
The general equipment needed for conducting the test is: 

 Nebulizer of ultrafine particles.  
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 Device(s) to measure concentrations of ultrafine particles (such condensation, optical or impactor parti-
cle counters) with a response time of approximately 1 second. 

 Pipes for sampling. 
 Adjustable clean air sampling flow rate (flow shall be kept constant within ± 0,2 l/min). 
 Pressure gauges. 
 HEPA or ULPA air filtering systems. 

Experiments must take place in a test chamber isolated from the environment with a constant temperature 
and humidity, where the aerosol is diluted with a sheath flow of dry, clean air, until obtaining the desired con-
centration. 

 

Setup of the penetration cell operation 

Operating procedure  
 

1. Dilute the aerosol between 0.1 – 10 % with the sheath air to simulate a room concentration. 

2. Place the glove sample in-between both parts and close the setup. 

3. Connect the tubing to the corresponding sampling points shown in Fig. 1 with the aerosol, measurement 
devices and air flow lines.  

4. Feed the aerosol into the cell system and measure the aerosol concentration until the value is close to 
expected and the variability is below 10%. 

5. Measure the pressure at both sides of the cell system. Adjust the clean air flowrate until pressures are 
even. Flow shall be kept constant within ± 0,2 l/min. 

6. Measure concentration of nanoparticles at both sides of the glove during at least 2 minutes. 

 
Calculation Procedure  
The percentage of inward leakage shall be calculated from the measurements at each side of the glove, 
considering Cout the concentration right before the glove and Cin after the glove sample: 

 

 

The percentage of inward leakage shall be calculated from the measurements at each side of the 
glove, considering Cout the concentration right before the glove and Cin after the glove sample: 
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Validation criteria  
 
 Subjects The test will be valid only in the cases where the minimum concentration detected is above the 

error limit of the measuring device, that is, it has to be at least a 5% above the minimum threshold of the 
measuring device, considering the error.  

 If the glove presents any gash, tear or loose joint, must be discarded. A previous visual examination of 
the glove must be done before each experiment. 

 

Data treatment and reporting  
 
The test report shall contain the following information: 
 

 Reference to this procedure. 
 Identity of the manufacturer of the glove tested. 
 Identification of the glove tested and description of any pre-treatment and/or pre-conditioning done. 
 List and identification of the equipment used in the test. 
 Temperature and relative humidity at which the experiment took place. 
 Pore size of the glove. 
 Maximum penetration (expressed in %). 
 Any comments considered appropriate by the person who has carried out the tests. 
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Annex 4: Chemical protective gloves. Determination of the permeation 
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Aim(s) or Objective(s) of SOP 
The present operating document aims to characterize the permeation nanomaterials dispersed in liquids 
through materials used in chemical protective gloves.  
 
 

Scope and objectives of the SOP 

This method determines the penetration of nanoparticles through permeation in gloves for dermal 
chemical protection, using nanoparticles diluted in a water-based solution. 

The protocol is based on the European standard UNE-EN ISO 374-3 “Protective gloves against 
chemicals and micro-organisms - Part 3: Determination of resistance to permeation by chemicals”. This 
norm specifies a test method for determining the efficiency of chemical protective clothing as a barrier 
against nanoparticles on liquid dispersions.  

This procedure presents a considerable distinction to the standard method basically due the use of 
concentrations of nanoparticles (distributions with geometric mean diameters below 100 nm) for which 
are required different conditions and the use of specific devices to detect them. 

Performance factor and principle of the method  
 
The particle permeation is determined by measuring the weight of the test substance before and after the 
glove, either measuring the filter weight before and after the application of the material or analyzing it by 
SEM microscopy. 
 
Requirements  
 
Samples: the minimum number of samples is at least 2 gloves of each kind, with at least 2 repetitions for 
each glove. 
 
Testing concentration: protective gloves can be exposed to any nanomaterial in a water-based solution. A 
test liquid containing the following substances shall be used: 

 Water at (20 ± 2) ºC. 
 Nanomaterial dispersed in the desired amount. 

 
Conditioning: ambient temperature in the test chamber shall be between the range 16°C and 32°C, with an 
accuracy of ± 1°C. 
 
Safety and protection of the health: while performing tests with human subjects all the rules of risk preven-
tion must be observed, to ensure the safety and health of those exposed to chemical agents and test condi-
tions 
 
 
 
 
Measurement Equipment 
 
The general equipment needed for the test is: 



 
 

NANoREG Deliverable 3.09 
Page 87 of 105 

 
 A permeation cell made in Teflon any other neutral material with a removable case. 
 Sample filters to collect the permeated material and posterior analysis with SEM/EDX. 
 Water-based solution with nanoparticles dispersed on it. 

 
 

 
 

Setup of the permeation cell operation 
 
 
Operating procedure  
 
1. Previous visual examination of the glove must be done before each experiment to discard gloves pre-

senting any gash, tear or loose joint.  

2. Pore size of the glove material must be procured by measuring it with SEM microscopy or any other 
reliable methodology. 

3. Liquid dispersions of nanoparticles are placed within the removable part of the permeation cell, with 
shape of a vessel (see Fig. 1 for details). Between the base and the removable part, the glove is placed 
in a position that is not stretched, but no leakage due to an unfitting to the lower part is produced. The 
glove is in direct contact with the liquid dispersion.  

4. Right below the glove, a sample filter is placed to absorb the permeated material through the glove.  

5. The ensemble has to remain in rest position for a period of time between 1 and 8 hours, to simulate a 
working activity or journey 

 

Calculation Procedure  
 
The sample filter must be further analysed by different methods: 

 Visually, to observe if there are stains due to permeation. 

 In the IMC mass spectrometer in order to quantify the amount of material passing through the glove ma-
terial. 

 To the SEM microscopy, to analyse the composition and characteristics of the materials present in the 
filter. 

 

Validation criteria  
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The test will be valid only in the cases where the minimum concentration on the filter is above the error limit 
of the measuring device, that is, it has to be at least a 5% above the minimum threshold of the measuring 
device, considering the error.  

If the glove presents any gash, tear or loose joint, must be discarded. A previous visual examination of the 
glove must be done before each experiment. 

 

Data treatment and reporting  
 
The test report shall contain the following information: 
 

 Reference to this procedure. 

 Identity of the manufacturer of the glove tested. 

 Identification of the glove tested and description of any pre-treatment and/or pre-conditioning done. 

 List and identification of the equipment used in the test. 

 Temperature and relative humidity at which the experiment took place. 

 Pore size of the glove. 

 Maximum permeation (expressed in %). 

 Any comments considered appropriate by the person who has carried out the tests.  
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Annex 5: Protective clothing. Determination of the inward leakage of ae-
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 Maida Domat-Rodriguez / maida.domat@itene.com   
Carlos Fito-López  /  carlos.fito@itene.com  
Enrique de la Cruz  / ecruz@itene.com 

 
Aim(s) or Objective(s) of SOP 
The present operating document aims to characterize the penetration of nanomaterials through chemical 
protective clothing (CPC) during exposure to an aerosol flow containing airborne nanoparticles.  
 
 

Scope and objectives of the SOP 

This method determines the inward leakage (IL, ratio of the concentration of contaminant in the ambient 
atmosphere to the concentration of the contaminant inside the suit) of chemical protective clothing against 
aerosols of dry, fine dusts and nanoparticles. 

The protocol is based on the international standard UNE-EN ISO 13982-2 2005 “Protective clothing for use 
against solid particulates - Part 2: Test method of determination of inward leakage of aerosols of fine 
particles into suits (ISO 13982-2:2004)”. This norm specifies a test method for determining the efficiency of 
chemical protective clothing as a barrier against aerosols of fine, dry powders.  

The main variation to the European norm is basically the use of concentrations of nanoparticles (distributions 
with geometric mean diameters below 100 nm) for the test, which requires different conditions and the use of 
specific devices to detect and generate them. 

Performance factor and principle of the method  
 
The particle filter penetration is determined by measuring the concentration of the test substance (NaCl) at 
each sampling position inside the suit. 
 
Requirements  
 
Samples: The minimum number of samples is at least 2 different suits per test subject on a minimum of 5 
test subjects. 
 
Testing concentration: The maximum concentration will be given by the resolution of the devices. The 
range of concentrations will be chosen such as the maximum concentrations is within the maximum capable 
to be measured by the counters and the minimum to be ≥ 5% of their minimum a 0.05% of this one. 
Variability in concentration cannot be greater than 10% between beginning and end of tests. 

Conditioning 

 Ambient temperature in the test chamber shall be within the range (16 – 32 ± 1) °C. 
 Aerosol concentration in the test chamber at least 2.0e6 #/cm3 
 Relative humidity of the aerosol in the test chamber < 60 %. 
 Flow of the test aerosol from the generator: 3.0–3.5 l/min 
 Air pressure to the atomizer < 240 kPa 
 Air flow to the atomizer: 3.0–3.5 l/min 
 Diluted air flow: 100-1000 l/min  

 
Safety and protection of the health: while performing tests with human subjects all the rules of risk 
prevention must be observed, to ensure the safety and health of those exposed to chemical agents and test 
conditions. 
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Measurement Equipment 
The general equipment needed for the test is: 

 Nebulizer of ultrafine particles.  
 Device(s) to measure concentrations of ultrafine particles (such condensation, optical or impactor parti-

cle counters) with a response time of approximately 1 second. 
 Test chamber according EN 136 standard. 
 Treadmill with an adjustable speed of (5 ± 0.5) km/h. 
 Pipes for sampling. 
 Chronometer. 
 Adjustable Air pump (sampling flow rate from inside the suit in the range of (2 ± 0,5) l/min; flow shall be 

kept constant within ± 0,2 l/min) and air lines, used for sampling air from the suit under test. 
 Four sampling probes, one which shall be used to measure the challenge concentration and three, the 

concentration inside the suit. 

Experiments must take place in a test chamber isolated from the environment with a constant temperature 
and humidity, where the aerosol is diluted with a sheath flow of dry, clean air, until obtaining the desired am-
bient concentration. 

The subject is placed on a treadmill, which is installed inside the chamber, running at a constant velocity of 
(5 ± 0.5) km/h and while walking, the subject is asked to do a list of exercises.  

 

Setup for the test of fine particles penetration into protective suits. 

Operating procedure  
 

7. Dilute the aerosol between 0.1 – 10 % with the sheath air to simulate a room concentration. 
8. Feed the aerosol into the chamber and measure the aerosol concentration until the value is close to 

expected and the variability is below 10%. 
9. Dress the test subject with the suit in accordance with the manufacturer’s instructions. 
10. Let the test subject enter the test chamber wearing a mask of highest protection level. 
11. Connect the tubing to the corresponding sampling points shown in Figure 2: knee (lateral), waist (back) 

and chest (right).  
12. Connect the adjustable pump to supply the sampling flow rate from inside the suit in the range same 

range as measuring devices suction. Flow shall be kept constant within ± 0,2 l/min. 
13. Measure and report the concentration of the test agent before the generation of the aerosol inside the suit 

at all three sampling positions. The background concentration should be at least one order of magnitude 
below the expected concentration during testing.  
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14. Start generating the test agent and allow the concentration in the chamber to stabilize. Ensure that the 
test subject is standing still during this period. Measure and report the background concentration. If stabi-
lization in the chamber takes more than 1 min, the suit shall be ventilated to avoid penetration of particles 
into it. 

15. Measure the concentrations at the sampling positions shown in Fig. 2, following the sampling sequence 
and the corresponding sequence of feeding clean air into the suit described in Table 1, whilst the test 
subject performs the test exercises in the following order:  
- standing still,  
- walking at 5 km/h,  
- continuous squatting at a frequency of 5 squats/minute, between standing up straight and knees com-

pletely bent, while keeping both hands during all squats on a grip at a height of (1 ± 0,05) m above the 
standing surface.  

- Allow for a 3 min rest (standing still) between the walking and the squatting exercises. 
 

16. During the test sequence of stabilization between walking and squatting, concentrations should be meas-
ured but do not need to be reported. 

17. The time for each exercise at each sampling position shall be 3 min. 
18. The average concentration over the last 100 s of each exercise and at each of the sampling points shall 

be calculated and reported. 
19. The challenge concentration at the end of all test exercises shall be within ± 10% of the initial challenge 

concentration. If this is not the case, the test results shall be discarded and the problem shall be correct-
ed. 

20. Stop generating the test agent, disconnect the sample tubes and let the test subject leave the test cham-
ber. 

 

Calculation Procedure  
 

Percentage inward leakage (Lijmn): 

The percentage inward leakage shall be calculated from measurements made over the last 100 s (to avoid 
carry-over of results from one exercise to the other) for the concentration inside chamber (Cout) and 
concentration for: 

n for each of the three sampling positions 

m for each of the three exercise periods 

j for each of the suits tested (with at least two suits per test subject)  

i for each of the test subjects (at least five test subjects): 

 

Where Cijnm is the concentration for the sampling position n for the exercise m for the suit j and the test 
subject i. 

 Total inward leakage 

The Total Inward Leakage can be estimated for each process separately,  

 Per suit for suit j (LS,j):     
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 Per human subject for subject i (LH,i):   

 Per exercise for exercise m (LE,m):    

 Per position for position n (LP,n):   

 Per exercise and position for exercise m and position n (LEP,mn):   

Thus, the mean total inward leakage ( ) can be estimated from any of the previous: 

 

Validation criteria  
 
 The test will be valid only in the cases where the minimum concentration inside the suit is above the error 

limit of the measuring device, that is, it has to be at least a 5% above the minimum threshold of the 
measuring device, considering the error.  

 The suit must adapt to the body of the test subject being his/her appropriate size. If the suit is too big or 
too small for the test subject, that test will be discarded. 

 If the suit presents any gash, tear or loose joint, must be discarded. A previous visual examination of the 
suit must be done before each experiment.  

 Subjects with respiratory problems, walking problems or ill fittings of the suit shall be excluded. 
 
Data treatment and reporting  
 

The test report shall contain the following information: 

 Reference to this procedure. 

 Identity of the manufacturer of the suit. 

 Size of the suits tested and the body measurements of the test subjects (for jacket, contour of the 
chest or bust and height; for trousers, waist circumference and height; for overalls, contour the chest 
or bust and height). 

 Description of the underwear worn by test subjects. 

 Description of any pre-treatment and/or pre-conditioning of the suits tested, e.g. mechanical pre-
stressing of suits for determining the durability of barrier efficiency. 

 Description of any additional protective equipment or any accessories worn during the test and if and 
how the accessories were taped to the suit. 

 Temperature and relative humidity inside the test chamber prior to the testing of each suit and at the 
end of all test exercises for each suit. 

 Concentration of test agent inside the suit at all three sampling positions for each suit prior to testing. 

 Concentration of test agent inside the test chamber after stabilizing the test agent concentration and 
at the end of all test exercises. 

 All inward leakage results, presented in the form of data tables:  

- tables giving the percentage inward leakage values Lijmn and averages per test subject and test 
suit; 

- table giving total inward leakage values for all test subjects and test suits; 
- Table giving total inward leakage values per test subject.  

 
Any comments considered appropriate by the person who has carried out the tests. 
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Annex 6: Protective clothing. Determination of resistance to penetration 
by a spray of liquid (spray test). 
 
Authors 
(Authors who actively 
wrote the report)  

 Maida Domat-Rodriguez / maida.domat@itene.com   
Carlos Fito-López  /  carlos.fito@itene.com  
Enrique de la Cruz  / ecruz@itene.com 

 
Aim(s) or Objective(s) of SOP 
The present operating document aims to characterize the penetration of nanomaterials through chemical 
protective clothing (CPC) during exposure to sprayed liquids containing nanomaterials.  
 
 

Scope and objectives of the SOP 

This method determines the resistance of chemical protective clothing to penetration by sprays of 
liquid chemicals with nanoparticles diluted at two different levels of intensity: 

 Method A: low-level spray test. This is applicable to clothing that covers the full body surface and is 
intended to be worn when there is a potential risk of exposure to small quantities of spray or 
accidental low-volume splashes of a liquid chemical. 

 Method B: high-level spray test. This is applicable to clothing with spray-tight connections between 
different parts of the clothing and, if applicable, between the clothing and other items of personal 
protective equipment, which covers the full body surface and which is intended to be worn when 
there is a risk of exposure to sprayed particles of liquid. 

This method does not address chemical permeation resistance of the materials from which the 
chemical protective clothing is made. 

The protocol is based on the international standard UNE-EN ISO 17491-4 2009 “Protective clothing - 
Test methods for clothing providing protection against chemicals - Part 4: Determination of resistance to 
penetration by a spray of liquid (spray test) (ISO 17491-4:2008)”. This norm specifies a test method for 
determining the efficiency of chemical protective clothing as a barrier against aerosols of fine, dry 
powders.  

The main variation to the standard is basically the use of concentrations of nanoparticles (distributions 
with geometric mean diameters below 100 nm) for the test, which requires different conditions and the 
use of specific devices to detect them. 

Performance factor and principle of the method  
 
The penetration resistance is determined by measuring the surface of the stains in the absorbent overall and 
determining the presence and quantity (mass) of nanoparticles in the absorbent overall. 
 
Requirements  
 
Samples: the minimum number of samples is at least 2 different suits per test subject on a minimum of 5 test 
subjects. 
 
Testing concentration: a test liquid containing the following substances shall be used: 
 
 - Water at (20 ± 2) ºC. 
 - A water-soluble fluorescent or visible dye, e.g. methyl blue (CAS number [28983-56-4]). 
 - A surfactant, e.g. Genapol LRO liquid (sodium lauryl ether sulphate, CAS number [009004-82-4]). 
 - A stabilizer for the dye (if needed), e.g. citric acid (CAS number [77-92-9], analytical grade). 
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Prepare the test liquid by dissolving the dye in water. Add the surfactant and the dye stabilizer (if needed) in 
the appropriate proportions to obtain a solution with following characteristics: 
 

-  For method A: a surface tension of (52 ± 7,5) x 10-3 N/m. 
-  For method B: a surface tension of (30 ± 5) x 10-3 N/m. 

 
Conditioning: Ambient temperature in the test chamber shall be within the range (16 – 32 ± 1) °C. 
 
Safety and protection of the health: while performing tests with human subjects all the rules of risk preven-
tion must be observed, to ensure the safety and health of those exposed to chemical agents and test condi-
tions. 
 
Measurement Equipment 
The general equipment needed for conducting the test is: 

 Absorbent overall, a one-piece garment with a hood. 
 Calibrated stain. 
 Waterproof platform capable of supporting a test subject and rotate at (1 ± 0.1) full circle per minute. 
 Test liquid container. 
 Hydraulic pump with self-priming, recirculating-type, equipped with a pressure gauge and a variable out-

put control filter and hoses. 
 Chronometer 
 Face shield 
 Piece of garment non-absorbent with dimensions of 2 x 2.5 m hold tight in a rectangular frame. 
 Spray boom: A vertical rod or frame to which 4 nozzles can be attached 45 cm apart from each other. 
 Hydraulic nozzles of the hollow cone type, each nozzle equipped with an individual pressure gauge and 

pressure control valve in order to obtain the same pressure at each nozzle to supply liquid at a rate of: 
 For method A: (0.47 ± 0.05) l/min at a 300 kPa. 
 For method B: (1.14 ± 0.10) l/min at a 300 kPa. 

 
The correct alignment and distance of the nozzles can be checked with an artificial target used collecting the 
spray. This target sheet is absorbing, placed vertically at 90° to the nozzle outlet and at the center point of 
the turntable. The spray should form a pattern of liquid on the target sheet, distributed symmetrically along a 
vertical line through the center point of the turntable, around 20 cm on each side.  
 

 
 
Spray pattern on the target fabric. 
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Operating procedure  
 
1. Prepare the test liquid by dissolving the dye in water. Add the surfactant and the dye stabilizer (if need-

ed) in the appropriate proportions to obtain a solution with following characteristics: 

 For method A: surface tension of (52 ± 7.5) x 10-3 N/m. 

 For method B: surface tension of (30 ± 5) x 10-3 N/m. 
2. Start the flow of test liquid to the spray nozzles and adjust the pressure at the pump and at every nozzle 

to obtain a flow rate appropriate depending on type of test to be performed (method A or B). 
3. Direct the spray emission from the nozzles horizontally and perpendicular to the target sheet at a dis-

tance of (1.5 ± 0.1) m, producing a spray pattern symmetrical along a vertical line through the center 
point of the turntable. 

4. Position the test subject wearing the chemical protective clothing on the center of the turntable and mark 
the position of the feet (Fig. 2). 

5. Apply the spray for 1 min to the test subject, whilst the turntable is rotated through 360°, while the test 
subject alternately raises each foot approximately 20 cm from the turntable (30 ± 5) times and put it back 
in its original position and the arms are kept straight and swung from back to front, above the head and 
back downwards, in unison with the leg movements. 

 
 
Setup for determining the resistance to spray liquids on protective clothing  
 

6. Turn the turntable off and allow the clothing to drain for 2 min while the subject is still standing on the 
turntable. 

7. Remove respirator and gloves before opening the test garment. Remove the chemical protective clothing 
carefully trying to avoid contamination of the absorbent overall. 

8. Examine the internal surface of the test garment for signs of penetration, paying special attention to 
openings, seams, closures and zippers. Mark them. 

9. Similarly, examine visually the external surface of the absorbent overall. Once the absorbent clothing is 
removed, mark the location and extent of any sign of penetration on the absorbent coverall. 

10. Measure the area of every spot, with a planimeter for example, and report the total area. 
11. When possible, transfer the material to a polycarbonate filter for SEM microscopy analysis or cut a de-

termined piece of the suit and compare the weight before and after the spraying to estimate the nano-
material content. 



 
 

NANoREG Deliverable 3.09 
Page 96 of 105 

Calculation Procedure  
 
 Measurement the stain with a planimeter. 
 In some cases, possibility of transferring the material to a polycarbonate filter for SEM microscopy analy-

sis or cutting a determined piece of the suit and compare the weight before and after the spraying.  
 The absorbent overall or a photograph of it shall be retained as a quality record. 

 
Validation criteria  
 
 The test will be valid only in the cases where the minimum concentration inside the suit is above the error 

limit of the measuring device, that is, it has to be at least a 5% above the minimum threshold of the 
measuring device, considering the error.  

 The suit must adapt to the body of the test subject being his/her appropriate size. If the suit is too big or 
too small for the test subject, that test will be discarded. 

 If the suit presents any gash, tear or loose joint, must be discarded. A previous visual examination of the 
suit must be done before each experiment.  

 Subjects with respiratory problems, walking problems or ill fittings of the suit shall be excluded. 

 
Data treatment and reporting  
 
The test report shall contain the following information: 
 
 A statement that the test was carried out in accordance with this procedure. 
 The name of the manufacturer/supplier and any identifying mark. 
 The size of the suits tested and the body dimensions (total length, chest girth) of the test subjects wear-

ing the garments. 
 A description of the absorbent overall. 
 A description of any additional protective equipment or any accessories used during the test and whether 

and in what manner it was taped to the suit. 
 The test room temperature. 
 The method carried out: method A (low-level spray test) or method B (high-level spray test). 
 The composition and surface tension of the liquid used in the tests. 
 The test liquid supply pressure at each nozzle. 
 The areas of contamination of the internal surfaces of the test clothing and the absorbent overall indicat-

ed on a diagram of a human figure, by shading the approximate area, (front and back separately) or by 
reference to photographs. 

 The total number of penetration spots and the total area measured for all spots. Precision weighting of 
coat material with and without nanoparticles. 

 A description of any pre-treatment and/or pre-conditioning of the suits tested, if applicable. 
 Any further qualifying remarks, observations and comments considered appropriate by the person who 

has carried out the tests 
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Annex 7: Local Exhaust Ventilation. Determination of the nanoparticle 
capture efficiency of fume hoods 
 
Authors 
(Authors who actively 
wrote the report)  

Maida Domat-Rodriguez / maida.domat@itene.com   
Javier Pla / javier.pla@itene.com 
Patrick Berghmans / Patrick.Berghmans@vito.be 
Carlos Fito-López  /  carlos.fito@itene.com  

 
Aim(s) or Objective(s) of SOP 
The present operating document aims to characterize the containment effectiveness of nanomaterials of a 
Ventilated Laboratory Hood.  

 

Scope and objectives of the SOP 

This method describes the principles and good practices of design, installation, commissioning, testing and 
examination of cost-effective ‘ventilation controls’ such as fume hoods. 

The protocol is based on the European standard UNE-EN 14175-4:2005 “Fume cupboards - Part 4: On-site 
test methods” and ASHRAE 52 2007 “Method of Testing General Ventilation Air-Cleaning Devices for 
Removal Efficiency by Particle Size”. The standards provide the initial effectiveness of a fume hood based 
on the size of the particles, as well as the test of the containment effectiveness of a fume cupboard. 

This procedure presents a considerable distinction to the standard method basically due the use of 
concentrations of nanoparticles (distributions with geometric mean diameters below 100 nm) for which are 
required different conditions and the use of specific devices to detect them. 

Performance factor and principle of the method  
 
Containment factor (CF): ratio of calculated concentration of tracer gas in the work space of the fume cup-
board to the measured concentration in the inner or outer measurement plane. The containment factor is no 
constant value but depends on the extract volume flow rate and the measured concentration of tracer gas. 
 
Particle Handling methods and Common worker maneuvers: average particle number concentrations 
shall be calculated at background location, source locations, and the researcher’s breathing zone under dif-
ferent sash locations (low, middle, high). 
 
Requirements  
 
Samples: the minimum number of samples is at least 2 tests in each kind of fume hood and for each nano-
material tested. 
 
Testing concentration: the maximum concentration will be given by the resolution of the devices. The range 
of concentrations will be chosen such as the maximum concentrations is within the 80% of  the maximum 
capable to be measured by the counters and the minimum to be ≥ 5% of their minimum. Variability in con-
centration cannot be greater than 10% between beginning and end of tests, and particle size distribution 
must have a geometric mean diameter below 100 nm. 
 
Conditioning:  
 
 The room air temperature shall be (23 ± 3) °C. The make-up air temperature during measurements shall 

be room air temperature ± 1 °C. Temperature gradients shall be avoided to the greatest possible extent. 
The make-up air shall be supplied at a distance greater than 2 m from the front of the fume cupboard. 

 The test zone boundary shall extend approx. 1,5 m in front of the fume cupboard and approx. 1,0 m from 
the outer sidewalls of the cupboard over the full room height. 
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 Room extract air shall be extracted symmetrically on the opposite side to the make-up air supply and 
from outside the test zone. The air speed shall be less than 0,1 m/s at the test zone boundaries. Care 
shall be taken regarding uncontrolled air streams and draughts entering into the test room. 

 Any device the temperature of which exceeds 40 °C, except components which form part of the fume 
cupboard and/or the test equipment, shall be located outside the test zone boundaries. 

 The air extracted from the test room shall be discharged to atmosphere in such a way as to prevent its 
re-entrainment in the make-up air. 

 The room air shall be free of particles (<10 particles cm-3).  
 
Safety and protection of the health: while performing tests with human subjects present, all the rules of 
risk prevention must be observed to ensure the safety and health of those exposed to chemical agents and 
test conditions. 
 
Measurement Equipment 
The general equipment needed for conducting the test is: 

 Nebulizer of ultrafine particles.  
 Device(s) to measure concentrations of ultrafine particles (such condensation, optical or impactor parti-

cle counters) with a response time of approximately 1 second. 
 Abatement technology or test chamber. 
 Particle handling materials, such as beakers or spatulas capable of collecting 0,7-1,2 g. 
 Powder or dry nanoparticles:  nano-aluminum oxide and nano-silver. 
 A balance capable of weighing at least 0-500 g. 
 Thermo-anemometer. 
 Diffusing pipes. 
 Sampling probes consisting on tubes of internal diameter (6 ± 1) mm and length of at least 100 mm. The 

tube's wall thickness shall not exceed 2 mm. 
 
Operating procedure  
 
1. The operating parameters to be checked are the dimensions of the canopy, perimeter of 

work area, and the height of the canopy above the work area.  
2. Visually evaluate airf low direction to identify any turbulence or cross drafts in the move-

ment of air violent enough to affect the capture.  
3. Measure air velocit ies with the thermos-anemometer at the face of the canopy.  
4. Create a grid pattern over the entire open area of the canopy and measure air  velocit ies 

to average canopy capture velocities.  
5. Release aerosol through several diffuser pipes in the work area .  
 

 
Fume hood configuration and positioning of some sampling zones (marked as crossed circles). 
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6. Measure Particle number concentrations at four locations:  
 background location (around 1 m in front of the hood),  
 two source locations (upstream and downstream) shall be measured at 8 cm vertically 

above the beaker at the upstream and downstream edge, respectively, 
 the researcher’s breathing zone, near the nose area.  

 
7. Measurements should also be performed near each hood wall boundary since these areas 

represent the regions where leakage is most l ikely to occur.  
8. Two test conditions shall be performed: particle handling and particle transferring:  
9. Nanopowder handling tasks shall be performed in the hood on the work platform 15 cm 

back from the sill. The tasks shall be performed consecutively (Pouring 100 g and 15 g of 
nanoalumina, 15 g of nanosilver and transfer 100 g and 15 g of nanoalumina, 15 g of na-
nosilver) with a stabilizing period between each task. After the stabil izing period the pa r-
ticle number concentration should be <10 particles cm -3. 

 Particle handling shall be performed by pouring particles from beaker to beaker 
using 100 g and 15 g of nanoalumina and 15 g of nanosilver.  

 For the pouring task, nanoparticles shall be poured directly from one beaker into a 
second beaker at the center of the open top, so that the feeding and receiving 
beakers shall be adjacent to each other at the open edge.  

 For pouring 100 g of nanoalumina, particles shall be transferred between 400 ml 
beakers.  

 For 15 g of nanoalumina handling, 100 ml beakers shall be used.  
 For handling 15 g of nanosilver, 50 ml beakers shall be used. 

 
10. The transferring task shall be performed by using a spatula to transfer nanoparticles from 

one beaker to another beaker.  
a. Load 0.7–1.2 g of nano powder at the open top of beaker for each spatula 

transfer.  
b. Transferring shall end when the starting beaker is empty.  

 
11. Measure and record the particle number concentration continuously. After ending the pa r-

ticle handling analyse the data in accordance with 5.10.5.  
12. Repeat the test procedure for other test sash openings and different conditions, e.g di f-

ferent face velocit ies, HVAC (heating, ventilation and air conditioned) on and off.  
 
Calculation Procedure  
 

Calculate the mean particle number concentration for each particle handling task separately at the back-
ground location, the two source locations, and the researcher’s breathing zone separately and round the 
result to the second decimal place. 

 The Capture efficiency (Cf) is estimated comparing the concentration at 100% aerosol capture C100 and 
the measured mean concentration Cm at different sampling points: 

Cf = (C100 – Cm)/ C100*100 

 Exchange efficiency: Calculate the air exchange efficiency ε per hour, n, in percent as quotient of 
measured and theoretical air exchange rate: 

ε = (100 n Vfc)/Q 

Where Q is the extracted volume flow rate and Vfc the internal volume of the fume cupboards workspace. 
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 Face velocity: Calculate at each measurement point the mean value  and the standard deviation sr of 
the measured velocity components vi in m/s,  

 

where n is the number of measurements during 60s. 

 Capture velocity (V') at work site in m/s: 

V' = Q/1.4*(P*D) 

Where D is the height above work area and P the perimeter of work area. 

 Measured pressure drop in Pascal. 

Validation criteria  
 
 The test will be valid only in the cases where the minimum concentration after the filter is above the 

error limit of the measuring device, that is, at least a 5% above the minimum threshold of the measuring 
device, considering the error. 

 If other processes interfere with the measurements, these must be discarded. 

 
Data treatment and reporting  

 
The test report shall contain the following information: 
 
 Reference to this procedure and, if appropriate, any deviation. 

 Name (or trade mark) and the address of the manufacturer and description of any pre-treatment and/or 
pre-conditioning done. 

 Mark or model of the fume cupboard. 

 Description of the fume cupboard including the external and internal dimensions, fitting, services, outlet 
controls, taps, sinks etc. 

 Name and address of the party which carries out the tests. 

 Date of the test, signature and name of the testing person. 

 Description of the instrumentation, including its specification and calibration, and the test procedure 
used. 

 Description of the test room and the test conditions maintained during the tests, including air tempera-
ture and relative humidity. 

 Sash opening employed in the tests. 

 Extract volume flow rate(s). 

 Results of the face velocity test. 

 Results of the containment tests in terms of particle concentration(s) as function of the tested extract 
volume flow rate and optionally, if calculated, the Containment Factor(s). 

 Results of the nanoparticle handing test in terms of mean particle number concentration per task per 
location. 

 Results of the common worker manoeuvres in terms of mean particle number concentration per arm 
removal velocities per location. 
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 Pressure drop of the fume cupboard and the dimensions of the extract duct, such as diameter, 
where the pressure drop is measured. 

 Any comments considered appropriate by the person who has carried out the tests. 

 Factors affecting the extent of particle release including hood design, hood operation (sash height, 
face velocity), work practices (e.g. Fast versus slow movement resulting in turbulence), type and 
quantity of the material being handled, room conditions (e.g., magnitude and direction of cross-
drafts, humidity level), and the adequacy of the room general exhaust. 
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Annex 8: Local Exhaust Ventilation. Determination of the nanoparticle 
capture efficiency of Movable LEVs 
 
Authors 
(Authors who actively 
wrote the report)  

Maida Domat-Rodriguez / maida.domat@itene.com   
Javier Pla / javier.pla@itene.com 
Patrick Berghmans / Patrick.Berghmans@vito.be 
Carlos Fito-López  /  carlos.fito@itene.com  

 
Aim(s) or Objective(s) of SOP 
The present operating document aims to characterize the containment effectiveness of nanomaterials of a 
movable capturing hood.  

 

Scope and objectives of the SOP 

This method specifies test methods to determine the nanoparticle capture efficiency of a capture hood 
relevant to the assessment of the safety and performance of capture hoods. 

The protocol is based on the European standard EN 1822 “High efficiency air filters (EPA, HEPA and 
ULPA) - Part 1: Classification, performance testing, marking” and ASHRAE 52 2007 “Method of Testing 
General Ventilation Air-Cleaning Devices for Removal Efficiency by Particle Size”.  The standards 
provide the initial capture effectiveness and velocity of a capture hood based on the size of the 
particles, positioning and shape of the hood and flow rates. 

This procedure presents a distinction to the standard method basically due the use of concentrations of 
nanoparticles (distributions with geometric mean diameters below 100 nm) for which are required 
different conditions and the use of specific devices to detect them. 

Performance factor and principle of the method  
 
Capture efficiency is the ratio of measured concentration of tracer gas in the duct of the capture hood with 
100% aerosol capture (at 0 cm height) to the measured concentration of tracer gas in the duct of the capture 
hood with the hood positioned at a specific height above the work surface. 

The capture velocity at the canopy is the velocity required to capture a containment nanoparticle at the point 
of generation. 

Requirements  
 
Samples: the minimum number of samples is at least 2 tests in each kind of capture hood and for each na-
nomaterial tested. 
 
Testing concentration: the tracer particle shall be sodium chloride (NaCl) with a geometric mean particle 
diameter <100 nm and mean particle size of (50 ± 10) nm.  
 
The tracer particle shall be generated by atomizing a 0,1% NaCl ultrapure water solution using a six jet at-
omizer.  After generation, the particles shall be dried using a nafion or silicagel dryer and neutralized using a 
Kr85 source. 
 
The maximum concentration will be given by the resolution of the devices. The range of concentrations will 
be chosen such as the maximum concentrations is within the 80% of  the maximum capable to be measured 
by the counters and the minimum to be ≥ 5% of their minimum. Variability in concentration cannot be greater 
than 10% between beginning and end of tests. 
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Conditioning 
 The room air temperature shall be (23 ± 3) °C. The make-up air temperature during measurements shall 

be room air temperature ± 1 °C. Temperature gradients shall be avoided to the greatest possible extent. 
The make-up air shall be supplied at a distance greater than 2 m from the front of the fume cupboard. 

 The test zone boundary shall extend approx. 1,5 m in front of the capture hood and approx. 1,0 m from 
the outer sidewalls of the cupboard over the full room height. 

 Room extract air shall be extracted symmetrically on the opposite side to the make-up air supply and from 
outside the test zone. The air speed shall be less than 0,1 m/s at the test zone boundaries. Care shall be 
taken regarding uncontrolled air streams and draughts entering into the test room. 

 Any device the temperature of which exceeds 40 °C, except components which form part of the fume 
cupboard and/or the test equipment, shall be located outside the test zone boundaries. 

 The air extracted from the test room shall be discharged to atmosphere in such a way as to prevent its re-
entrainment in the make-up air. 

 The room air shall be free of particles (<10 particles cm-3).  
 

Safety and protection of the health: While performing tests with human subjects present, all the rules of 
risk prevention must be observed to ensure the safety and health of those exposed to chemical agents and 
test conditions. 

Measurement Equipment 
The general equipment needed for conducting the test is: 

 Collison-type atomizer of ultrafine particles, such as the Aerosol Generator 3076 TSI or the PALAS AGK 
2000 nebulizer. 

 Nafion or silicagel dryer. 
 Radioactive source for particle charging neutralisation. 
 Device(s) to measure concentrations of ultrafine particles (such condensation, optical or impactor parti-

cle counters) with a response time of approximately 1 second. 
 Sampling probes consisting on tubes of internal diameter (6 ± 1) mm and length of at least 100 mm. The 

tube's wall thickness shall not exceed 2 mm. 
 Thermo-anemometer 
 Six jet atomizer 
 2% NaCl and nanoparticle solution. 
 Diffuser pipes 

 
Operating procedure  
 
Air Velocity Measurement 
 
1. The measurement of air velocities is to be done using a calibrated thermos-anemometer at the face of 

the canopy and taken in a grid pattern over the entire open area of the canopy, and the average canopy 
capture velocity calculated.  

2. The same number of testing points should be used as was used in the original evaluation.  
3. The average capture velocity measured should be compared with the required minimum velocity deter-

mined in the original evaluation.  
4. If the measured average velocity is less than the minimum velocity for that canopy hood, the hood fails. 
 
Capture efficiency  

1. Nanoparticles are generated by atomising an aqueous solution of NaCl or nanoparticles using a six jet 
atomizer (polydisperse 20-1000 nm).  

2. The aerosol shall be released through several diffuser pipes at the work area. 
3. Position three diffuser pipes arranged at the working surface on a 300 mm virtual circular plane. They 
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shall be positioned parallel to each other with one of their non-perforated side at the surface. The 300 
mm diffuser pipe shall be positioned in the middle of the virtual circular plane. The 200 mm diffuser 
pipes will be positioned at both side of the 300 mm diffuser pipe with a distance of 75 mm. The middle 
of each of the diffuser pipes shall be at the diameter of the plane. 

4. First 100% aerosol capture shall be obtained by placing the diffuser pipes as close as possible to the 
exhaust duct inside the exhaust hood and measure the aerosol concentration inside the duct.  

5. Turn on the test gas (NaCl + HEPA filtered air) and allow it to stabilise. 
6. Measure and record the tracer (NaCl in particles cm-3) concentration for 600 s. 

 

 

Capturing hood configuration and positioning of the sampling zones. 

 

7. The particle number concentration in the exhaust duct is determined by withdrawing a sample of air 
from the duct and passing it through the condensation particle counter.  

8. Stop the injection of the test gas. 
9. Repeat the test procedure above for different capture hood-diffuser distances and face velocities 

measuring concentration levels inside the duct in order to compare with the concentration levels 
during the 100% aerosol capture experiment. 

10. Analyse the data according to the calculation procedure outlined in the present protocol.  
 

Calculation Procedure  
 
 The volumetric air flow (Q) in m3/s of each canopy hood can be determined by Q = (V)(A), where V is 

the average air velocity at the canopy face in m/s and A the area of canopy in m2. 
 The capture velocity must be estimated using the formula: 

 
V' = Q/1.4(PD) 

      
Where is V' is the capture velocity at work site in m/s, D the height above work area in m and P the perimeter 
of work area in m.  
 

 Calculate the mean particle number concentration for each particle handling task separately at the back-
ground location, the two source locations, and the researcher’s breathing zone separately and round the 
result to the second decimal place 
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 The Capture efficiency (Cf) is estimated comparing the concentration at 100% aerosol capture C100 and 
the measured mean concentration Cm at different sampling points: 
 

Cf = (C100 – Cm)/ C100*100 

 
Validation criteria  
 
 If any component of the capture hood is visually damaged, broken or incomplete, it will be discarded. 

 The test will be valid only in the cases where the minimum concentration after the filter is above the error 
limit of the measuring device, that is, at least a 5% above the minimum threshold of the measuring de-
vice, considering the error. 

 If other processes interfere with the measurements, these must be discarded. 

 
Data treatment and reporting  
 
The test report shall contain the following information: 
 
 Reference to this procedure and, if appropriate, any deviation. 
 Name (or trade mark) and the address of the manufacturer and description of any pre-treatment and/or 

pre-conditioning done. 
 Mark or model of the capture hood. 
 Description of the capture hood including the external and internal dimensions, fitting, services, outlet 

controls, taps, sinks etc. 
 Name and address of the party which carries out the tests. 
 Date of the test, signature and name of the testing person. 
 Description of the instrumentation, including its specification and calibration, and the test procedure used. 
 Description of the test room and the test conditions maintained during the tests, including air temperature 

and relative humidity. 
 Results of the air velocity test, including the capture velocity. 
 Extract volume flow rate(s). 
 Results of the capture efficiency test, including calculated capture efficiency for each capture hood-

diffuser distance and face velocity Results of the nanoparticle handing test in terms of mean particle 
number concentration per task per location. 

 Any comments considered appropriate by the person who has carried out the tests. 


