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i 

ABSTRACT 

Respiratory protective devices are designed to protect wearers from inhalation hazards in 

the workplace. The performance of tight-fitting devices relies on a good face-to-facepiece 

seal, and this is tested through a prescribed procedure known as a ‘fit test’ which provides 

an assessment of face seal leakage using either a quantitative or qualitative detection 

method. Numerous anecdotal reports exist about human errors in workplace application 

of the qualitative fit test method, but published research is limited to laboratory-based 

studies. 

This thesis provides the first investigation of real-world human errors in qualitative fit 

testing and proposes measures to improve the reliability of this widely used fit test 

method. Through an extensive literature review, the study examines the multi-faceted 

body of current research and identifies a major research gap in the knowledge pertaining 

to human errors. An assessment of the prevalence and sources of human errors in 

qualitative fit testing is conducted through secondary analysis of data acquired during 

Fit2Fit practical assessments. Findings provide information about the types of errors 

made by real-world fit testers, trends over time, and differences between Fit2Fit 

accredited and non-accredited fit testers. 

Through a theoretical analysis of the fundamental method principles, this thesis postulates 

a set of ‘critical errors’ which have the potential to undermine the reliability of the test. 

An empirical assessment of the impact of critical errors is conducted through a series of 

aerosol concentration studies and live shortened fit tests. When these impacts are applied 

to secondary data of errors made by real-world fit testers, this thesis offers the first 

estimate of a workplace (Beta) error value for this fit test method. Through examination 

of current control measures, this thesis highlights gaps in current resources, and proposes 

a set of engineering and administrative solutions which aim to address critical errors and 

improve workplace safety. 
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1 Introduction 

1.1 Background 

Occupational exposure to airborne hazardous substances is of particular concern in 

workplace risk assessments where the links with respiratory diseases are well known 

[1][2]. A recent Health and Safety Executive report has estimated that 12,000 lung disease 

deaths and 17,000 self-reported breathing problems each year are associated with past 

exposure to hazardous substances in workplace settings [3][4]. Although the list is 

extensive, the most prevalent diseases were reported to include Chronic Obstructive 

Pulmonary Disease (COPD), lung cancer (both asbestos and non-asbestos-related), 

mesothelioma, silicosis, and asthma. Since many of these diseases have a long latency, 

their effects on worker health are often only apparent many years or decades after original 

exposure to an inhalation hazard. A wide variety of different substances carry the 

potential to cause harm by inhalation, these include dusts, mists, gases, fumes, micro-

organisms, and airborne pathogens [5]. Although some respiratory hazards (e.g., 

asbestos) are now banned from use, their widespread historical application means that 

considerable risks still exist, particularly in the construction sector [6]. Beyond 

construction, inhalation hazards are present from a wide variety of sources across a 

multitude of diverse applications including nuclear power generation, mining, quarrying, 

agriculture, firefighting, chemical and petrochemical processing. In the healthcare sector, 

the SARS-CoV-2 pandemic has highlighted the risks of a respiratory hazard in the form 

of an infectious airborne pathogen; a risk which has had far reaching consequences.  

Control measures which are designed to eliminate or reduce the risks of respiratory 

hazards at source are known to be the most effective method of mitigation, but their use 

is limited by both cost and practicality [5]. Millions of workers therefore rely on 

respiratory protective devices (RPD) to provide protection against the respiratory hazards 

they encounter at work. The ability of RPD to provide the wearer with breathable air is 

achieved either by filtration of the immediate atmosphere (termed ‘respirators’) or 

through a supply of clean air (termed ‘breathing apparatus’) [7]. The interface between 

the wearer and the RPD, known as the ‘facepiece’, can be designed to be loose-fitting 

(such as in powered hoods or helmets) or tight-fitting (such as in disposable and reusable 
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half and full-face devices) [7]. Whilst the protection afforded by loose-fitting facepieces 

relies on powered air to prevent ingress of hazardous atmospheres, the protection afforded 

by tight-fitting facepieces relies upon an effective facial seal [7]. This facial seal must 

accommodate the normal movements associated with workplace activities whilst 

maintaining a suitable and effective contact between the wearer’s skin and the facepiece 

of the RPD. Since humans display innumerable differences in facial characteristics, it 

would be unlikely for one model of facepiece to accommodate all individual face shapes 

and sizes [8]. The ability to assess the adequacy of the facial seal of tight-fitting RPD 

facepieces through a ‘fit test’ is therefore critical to assuring the ability of these devices 

to be suitable in protecting the wearer. Such is the vital nature of the interface between 

the wearer and the facial seal of the RPD, that fit testing is a mandatory requirement for 

all tight-fitting facepieces in use in the UK workplace [5]. Fit testing was first introduced 

in the UK into the Approved Codes of Practice supporting the Control of Asbestos at 

Work Approved Code of Practice in 1999, and later expanded to all workplace settings 

through inclusion in the Control of Substances Hazardous to Health Regulations in 2002 

[9][5]. Whilst in the US, fit testing has been a mandatory requirement since 1969, other 

national regulatory bodies have been slower to act, with only a handful of countries 

formally adopting the International Standard and setting any local recommendations for 

fit testing of RPD [10][11][12].  

Fit testing has a wide and colourful history with a multitude of different methodologies 

having been proposed. Some of the earliest attempts at assessing the facial fit of tight-

fitting facepieces were made by the United States Bureau of Mines. An information 

circular issued in 1940 detailed the testing schedules for the approval of respiratory 

protective equipment which included both laboratory tests and ‘Man tests’ [13]. Guidance 

for conducting ‘Man tests’ provided the following instructions for dispersoid (dust, fume, 

mist and fog) respirators:  

‘The dispersoid respirator is worn while coal dust is blown into the face. If no 

leakage occurs there is a sharp line of demarcation at the point of contact of the 

facepiece with the face’. 
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Whilst unsophisticated, this method set the stage for later quantitative and qualitative fit 

test methods where face seal leakage was assessed through visualisation, sensory 

response, or electronic detection. 

Quantitative fit test (QNFT) methods provide an objective measure of fit termed a ‘fit 

factor’ which is derived as the ratio of concentration, or pressure, of a challenge agent 

outside and inside of a tight-fitting facepiece [8][12]. Early quantitative methods were 

developed in response to the requirements laid down by the US Atomic Energy 

Commission Respirator Committee to assess the performance of respirators against 

radioactive contaminants [14]. One such method utilised the fluorescent properties of 

uranine to quantify facepiece penetration to a lower detection limit of 0.05% [15]. Later 

QNFT methods used forward light-scattering photometers to measure inward leakage of 

a detectable challenge agent such as a polydisperse di (2-ethylhexy1) phthalate [16]. The 

first automated QNFT system was described in 1986 for use by the US military [17]. This 

system employed a computer-controlled forward light-scattering photometer detection 

system, which the authors reported as providing a ‘substantial time and cost saving’. A 

later miniaturised continuous flow Condensation Nucleus Counting device was 

developed by the US Army Chemical Research, Development and Engineering Center in 

conjunction with TSI Inc. (St. Paul, MN) [18]. This device was the forerunner to the TSI 

PortacountTM, the most widely used ambient particle counting QNFT device today [19].  

Whilst QNFT methods are often highly sophisticated, these procedures are not without 

their limitations, and studies which have attempted to compare the resulting fit factors 

give rise to much debate in this field [20][21]. Possible sampling errors in QNFT methods 

have been extensively studied and have been shown to arise from streamlining effects, 

leak site location, particle size distribution and lung deposition [22][23]. Nevertheless, 

QNFT methods are often described as ‘gold standard’ procedures and are considered 

‘objective’ methods, since determination of leakage derives from instrumentation or other 

non-human response. Conversely, Qualitative fit test (QLFT) methods are considered 

‘subjective’ methods, where determination of leakage relies upon the wearer’s sensory 

response to a ‘challenge agent’.  

Early QLFT methods used challenge agents that were selected on the basis that they 

would cause visible irritation to the wearer if leakage occurred. The ‘irritant smoke’ 
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method used the wearer’s involuntary response to hydrogen chloride fumes which were 

produced (along with tin compounds) by a reaction of stannic chloride (SnCl4) with 

moisture in the air [24]. A 2005 study by Campbell et al reported on the findings of a US 

labour market survey which indicated that the irritant smoke method was the most 

common fit testing practice amongst US private sector employers at that time [25]. This 

method fell out of use however following indications of health concerns including skin 

and eye irritation, one of which was reported as being serious enough to require hospital 

treatment [26].  

The isoamyl acetate (‘banana oil’) odour test was the first QLFT method to use the 

wearer’s voluntary sensory response [27]. This method was recognised in UK fit testing 

guidance up to 2019, but a lack of commercial availability and the practicalities of odour 

preparation in workplace settings later saw this method withdrawn from guidance [28]. 

Other more imaginative QLFT methods included the use of photosensitive paper which 

offered a visual indication of leakage, and biological monitoring using 

chlorofluorocarbon113 (CFC-113, 1,1,2 trichloro-1,2,2 trifluoroethane) [29][30]. 

Although inexpensive to perform, these methods failed to gain commercial attraction 

since the practicalities of challenge-agent preparation and detection meant that their use 

was restricted to laboratory settings. 

Of all the QLFT methods proposed, only two remain in widespread use today: the 

BitrexTM (denatonium benzoate) method and the sodium saccharin method [8]. 

Commonly referred to as the ‘Bitrex’ and ‘saccharin’ QLFT methods, both methods 

utilise a challenge agent comprising a strong-tasting substance and rely on the wearer’s 

taste response to identify leakage. The saccharin QLFT method was proposed by the 

Minnesota Mining and Manufacturing Company, submitted to the US Occupational 

Safety and Health Administration (OSHA) for inclusion in the Lead Standard in 1982 and 

evaluated for use in 1984 [31][32]. The Bitrex method, evaluated in 1995, was developed 

to address the possible drawbacks of the saccharin method which was found to elicit a 

sweet, ‘tolerable’ response, leading some researchers to suggest that leakage may go 

unreported [33][34]. With its characteristically unpleasant taste at parts per million level 

and low toxicity, Bitrex was considered a robust candidate as a challenge agent in QLFT 

[35]. Despite the concerns raised about saccharin detection, both methods were 
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commercialised by respiratory manufacturers for fit testing of their tight-fitting filtering 

facepiece and reusable half masks, and soon became the first choice QLFT methods [36]. 

The current UK protocols for the Bitrex and saccharin QLFT methods, along with two 

QNFT methods, are described in the Health and Safety Executive (HSE) INDG479 

guidance document on fit testing [8]. The procedure for both QLFT methods is based 

upon a subtle principle which assumes that a wearer will be able to identify a poor-fitting 

facepiece through detection of leakage of a strong-tasting substance (the challenge agent).  

The procedure follows a strict protocol which requires the wearer’s taste threshold first 

to be screened against a diluted version of the challenge agent - a procedure known as the 

‘sensitivity test’. The results of the sensitivity test determine the amount of a more 

concentrated version which is used to challenge the facepiece during the second part of 

the procedure known as the ‘fit test’. Both parts of this procedure rely on the wearer’s 

ability and willingness to correctly identify and report taste – a subject which has been 

widely discussed by researchers in this field [34]. 

The saccharin QLFT method was developed almost 40 years ago, and little has changed 

in the design of the rudimentary equipment or methodology in the intervening period 

[31][32]. QLFT equipment requires manual operation and management, and thus the 

method relies heavily upon the skills of the human operator. During both the sensitivity 

and fit test procedures, aerosolisation of the challenge agent is achieved (according to the 

Venturi effect) through actuation of a hand-operated jet nebuliser, and containment / 

management of the aerosol is achieved through use of a test hood [37]. Proper use of this 

equipment and application of the test protocol are fundamental to the principles of the 

QLFT method and errors made by human operators introduce the potential for those 

principles to be undermined. Any process that involves a human operator has the potential 

to be affected by human errors, and errors which result in an unreliable fit testing outcome 

are of serious concern for the millions of workers that rely on the protection afforded by 

tight-fitting RPD. The worst outcome of human errors in QLFT is the potential for a 

wearer with an ill-fitting RPD to pass a fit test erroneously leading to a false pass result 

and assignment of a leaking RPD for use in the workplace. A false pass fit test result 

offers the wearer false confidence that a facepiece is safe to use in the workplace, when 

in truth it is not, potentially putting their health or life at risk. 
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Coupled with the absence of a requirement for formal training or certification of fit testers, 

there have been numerous anecdotal reports of the effects of human errors in workplace 

QLFT [38][39][25]. Although commentators have expressed concerns about the lack of 

competency of some fit test operators, there have been no published studies which have 

attempted to provide an understanding of human errors in QLFT to date [39]. Errors in 

laboratory QLFT have been extensively studied, but all have focused on the errors 

inherent in the method (the Alpha and Beta errors) rather than in the practical application 

of the method [40][41][42]. Errors arising from the subjective nature of the method have 

been widely discussed by numerous researchers, but none has examined the role of the fit 

test operator in managing the QLFT process [32][33]. Existing research thereby fails to 

provide an understanding of human errors in workplace QLFT and hence fails to address 

the potential for false passes and assignment of poor fitting RPD to wearers. The 

importance of research in understanding human errors in QLFT cannot be 

underestimated; the protection afforded by tight-fitting RPD facepieces is dependent upon 

an effective facial seal and human errors which lead to a poor-fitting facepiece being used 

in the workplace may have very grave consequences indeed. 
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1.2 Aims and objectives 

This thesis presents a series of original studies which address human errors in QLFT 

through generation and analysis of data that is unique to this work. Data is generated 

through secondary analysis of Fit2Fit practical assessment papers, and through a series of 

studies that examine the theoretical and practical impacts of human errors. Building upon 

the background of existing research, the aim of this thesis is to better understand human 

errors in QLFT and relate the findings to impact on fit test outcome. The key motivation 

behind this aim is to improve the safety of workplace QLFT, and this overarching driver 

sets the rationale for discussions and suggestions for real-world change. The core research 

question that informs this thesis is summarised below: 

Core research question:  

How do human errors affect the outcome of a qualitative fit test and hence the potential 

for false pass results? 

This thesis extends the boundaries of current knowledge through investigation of human 

errors in QLFT through a series of research objectives, summarised below. 

Objective 1: To evaluate the current understanding of sources of error in QLFT 

through a review of current literature, and thus to identify research gaps. 

Objective 2: To investigate the prevalence and sources of human errors amongst 

real-world QLFT operators. 

Objective 3: To understand and assess the theoretical impacts of human errors upon 

QLFT outcome and hence the potential for false passes. 

Objective 4: To evaluate the practical impacts of human errors upon QLFT outcome 

and hence the potential for false passes. 

Objective 5: To assess the current control measures in QLFT and identify gaps to 

inform future improvements in design and methodology aimed at 

mitigating the effects of human errors 

These objectives each contribute towards the overall aim and provide a cohesive study of 

human errors in QLFT thus offering a significant intellectual contribution in this field.  
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1.3 Thesis structure 

This thesis is structured in ‘paper format’, whereby its intellectual contribution is 

presented through a series of distinct chapters written in the form of self-contained journal 

papers. Each chapter addresses one of the five research objectives detailed in section 1.2 

and contains all aspects of a typical journal paper including background / rationale, 

method, results, and discussion sections. Collectively, these chapters describe a single 

programme of research which answers the core research question and effectuates the 

overall aim of this thesis. This thesis ends with a final conclusions chapter which brings 

together the major findings from each paper, and proposes new guidance, strategies, and 

solutions for tackling human errors in QLFT. A summary of each of the core chapters of 

this thesis is provided below.  

 

Chapter 2: Human errors in qualitative fit testing: a literature review 

This chapter addresses the first research objective that guides this study namely, to 

evaluate the current understanding of sources of error in QLFT, and to identify research 

gaps. The chapter begins by describing the methodology used for the study and details 

the processes used in identifying, reviewing, and synthesising the key literature in this 

field. The chapter presents a thematic analysis of the results arranged according to the 

three themes identified: statistical errors inherent in the method, errors arising from the 

subjective nature of the QLFT method, and human errors in real-world application of the 

QLFT method. Gaps in current understanding are identified and the results are 

synthesised in the discussion section which includes implications of findings in terms of 

real-world use of the method.  

 

Chapter 3: Human errors in qualitative fit testing: a study of real-world fit testers 

This chapter is linked to the second research objective and provides an analysis of the 

prevalence and sources of human errors in QLFT. The chapter opens with a description 

of the methodology which details the evaluation of human errors through secondary 

analysis of practical assessment papers gathered through the British Safety Industry 



 

9 

Federation (BSIF) RPE Fit Test Providers ‘Fit2Fit’ Accreditation Scheme (Fit2Fit 

scheme). An overview of the Fit2Fit scheme procedure for assessing and awarding Fit2Fit 

accreditation to competent fit testers is outlined along with a schematic flowchart to 

provide clarity of the process. The results are analysed and presented according to both 

prevalence and source of error with reference to the Fit2Fit scheme syllabus and practical 

assessment criteria. Further analysis reveals the trends over time and the differences 

between accredited and non-accredited fit testers in terms of the number of human errors 

observed. The chapter concludes with a discussion about the possible limitations of this 

research along with the implications of the observed errors in terms of the reliability of 

the QLFT method.  

 

Chapter 4: Human errors in qualitative fit testing: a theoretical study of the impact 

of human errors on fit test outcome 

This chapter addresses the third research objective which is to form a theoretical 

understanding and assessment of the impact of human errors on QLFT outcome. The 

paper commences by identifying the key principles of the QLFT method and how they 

underpin the fundamental theory of challenge aerosol generation, containment, and 

detection. A theoretical analysis of the impacts of human errors on these key principles is 

conducted for each separate stage and action of the fit testing process. Assessment of 

impact is then used to filter human errors, revealing those which are critical to the 

outcome of the fit test, and hence have the potential to lead to a false pass result. These 

errors, termed ‘critical errors’ form the basis of the discussion section which addresses 

the theoretical impact of human errors and links back to the errors observed amongst real-

world fit testers in Chapter 3.  

 

Chapter 5: Human errors in qualitative fit testing: a practical study of the impact 

of human errors on fit test outcome 

This Chapter addresses the fourth research objective by assessing the practical impact of 

the ‘critical errors’ previously identified in Chapter 4. The practical impact of human 

errors is researched through studies which assess their effect on both challenge aerosol 
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concentration and fit test outcome in the presence of a known leak. The paper begins by 

describing the methodology involved in conceptualising and configuring the ‘control 

scenario’ and ‘error scenarios’ which aim to simulate typical errors made by real-world 

fit testers. The methodology adopted for the aerosol concentration study is then explained 

along with the procedure for size-segregated measurement using an optical aerosol 

monitor instrument. This section ends with an explanation of the method used for 

assessing the impact of errors on fit test outcome in the presence of a known leak using 

shortened QLFT against an ambient particle counting QNFT reference method. The 

findings of these two studies are reported and synthesised to provide a view on the impact 

of human errors on fit test outcome. A workplace Beta error is estimated to indicate the 

potential for a false pass result for human errors in the application of QLFT equipment.  

 

Chapter 6: Human errors in qualitative fit testing: an investigation of current 

controls 

This chapter addresses the final research objective namely, to assess the current control 

measures in QLFT and identify gaps to inform improvements in design and procedure. 

The paper begins by describing the methodology used to evaluate the current controls 

available to mitigate human errors in QLFT. Controls are classed as being either 

‘administrative’ or ‘engineering’ in nature, and this paper continues by explaining the 

limits of evaluation and by describing the methods used to assess each type of control. 

The results are presented according to both type and source of error in order to reveal 

gaps in the current control mechanisms in QLFT. The discussion section provides an in-

depth analysis of the real-world impacts of the gaps revealed and present suggestions for 

practical and administrative improvements which aim to reduce human errors in QLFT.  

 

Chapter 7: Conclusions and summary 

The final chapter of this thesis brings together the results from each of the separate papers 

and discusses their overall contribution in terms of real-world impact. Useful for 

practitioners, manufacturers, and policymakers, this chapter discusses the implications of 

the findings in terms of the reliability of the QLFT method and proposes new strategies 
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which aim to assist mitigation of the most critical human errors. This chapter presents 

recommendations for new guidance for fit test operators, and improvements in the design 

of QLFT equipment which together provide solutions for the gaps identified. The chapter 

concludes with a discussion of the limitations of this work and summarises the intellectual 

contribution of this thesis along with a list of presentations conducted throughout the 

registration period. 
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2 Human Errors in qualitative fit testing: a literature review 

2.1 Abstract 

Fit Testing is a mandatory requirement for all types of tight-fitting respiratory protective 

device facepieces worn in the UK workplace. Qualitative fit test methods based upon 

bitter or sweet taste appear relatively simple to use but are known to have limitations due 

to the subjective nature of the method. Concerns raised amongst fit testing stakeholders 

point to a lack of competency amongst some fit testers, raising questions about human 

errors in the real-world application of the method and hence the potential for assigning 

false pass results. Since respiratory protective devices are used in the workplace to protect 

against respiratory hazards, assigning a ‘pass’ fit test result in error can lead to serious 

health consequences for the wearer.  This article presents a review of the published 

literature on errors in QLFT and identifies three key themes which are critical to an 

understanding of this area: statistical errors inherent in the method, errors arising from 

the subjective nature of the QLFT method, and human errors in real-world application of 

the QLFT method. Identification of research gaps reveals that much work is needed in 

better understanding human errors in the application of the method in real-world settings 

if false passes are to be mitigated. 
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2.2 Background 

Many workers wear respiratory protective devices (RPD) incorporating tight-fitting 

facepieces to reduce their exposure to hazardous substances in the workplace. Tight-

fitting facepieces are those whose performance relies on a good face-to-facepiece contact 

and examples include those used in filtering facepiece (disposable) respirators, and 

reusable half or full-face devices [1]. It is a well-established principle that all respirators 

leak, and that leakage into tight-fitting facepieces is derived from three sources: 1) via the 

filter media or components, 2) via the exhalation valve(s) if fitted, and 3) via the face seal 

[2][3][4]. Leakage via the filter media, components and exhalation valves is evaluated 

during performance testing according to generated aerosol (usually sodium chloride) 

Total Inward Leakage (TIL) measurements in line with established European Standards 

and test methods [3][5][6]. Since facial characteristics vary from wearer to wearer, 

leakage via the face seal cannot be established during TIL testing and must be evaluated 

separately for each individual wearer-to-facepiece combination. Fit testing is a method 

used to evaluate face seal leakage, and provides an assessment of whether a specific make, 

model, and size of facepiece is suitable for an individual wearer and hence has the 

potential to provide adequate protection against a respiratory hazard. The importance of 

proper fit testing as part of an effective RPD program has long been acknowledged, and 

numerous studies have demonstrated the benefit of fit testing in increasing the workplace 

protection afforded by RPD [7][8][9][10]. Current UK guidance on fit testing is provided 

in the Health and Safety Executive (HSE) document INDG479 and further information 

about ‘best-practice’ application is described in the British Safety Industry Federation 

(BSIF) Fit2Fit Companion series [11][12][13][14].  

Fit test methods can broadly be divided into two types: quantitative fit test (QNFT) 

methods and qualitative fit test (QLFT) methods. QNFT methods provide a direct 

numerical assessment of leakage known as a quantitative fit factor (QNFF) which is 

derived as the ratio of challenge agent concentration, or pressure, outside and inside of a 

facepiece [15][16][17]. For filtering and reusable half facepieces the minimum QNFF that 

must be achieved in each part of the fit test regime is 100 [11]. QLFT methods in contrast 

do not provide a numerical result, but instead provide a simple pass / fail outcome based 

upon the wearer’s detection of a strong tasting or smelling challenge agent. The only 
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QLFT methods currently included in the HSE INDG479 protocol are those based on a 

bitter (denatonium benzoate, BitrexTM) or sweet (sodium saccharin) tasting challenge 

agent and are known widely as the ‘Bitrex’ and ‘saccharin’ methods [18][12].  

In general, QLFT methods are viewed as being simpler and less expensive than QNFT 

methods but are known to be more subjective and are limited in application to reusable 

and filtering half mask facepieces [11]. In addition, QLFT methods place higher onus on 

the competency of the fit tester, with requirements to use and manage manual equipment 

to ensure that an adequate concentration of challenge agent is delivered and maintained 

[19][20]. Due to their relatively low cost and ease of use, QLFT methods are widely 

employed as the method of choice in settings such as healthcare where filtering facepieces 

are most frequently used. During the first wave of the SARS-CoV-2 pandemic, it was 

estimated that approximately one million fit tests were carried out in the UK, the vast 

majority in healthcare using the QLFT method [21]. 

A large part of the perceived simplicity of the QLFT method is the straightforward 

pass/fail nature of the outcome. If the wearer is unable to detect the challenge agent during 

the fit test, then leakage via the face seal is assumed to be below the critical level (≤ 1%, 

QNFF ≥ 100) and a ‘pass’ result is recorded. If, on the other hand, the wearer is able to 

detect the challenge agent at any time during the fit test then it is assumed that leakage is 

above the critical level and a ‘fail’ result is recorded. The binary nature of this result gives 

rise to two types of errors: false positive errors (false fails), and false negative errors (false 

passes) [22]. A false fail occurs when a wearer with a well-fitting facepiece (leakage ≤1%, 

QNFF ≥ 100) indicates detection of the challenge agent during the fit test and an incorrect 

fail result is recorded. Whilst false fails are inconvenient, troublesome, and wasteful of 

resources, they are usually assumed not to present an unsafe fit test result for the wearer 

since they ultimately lead to a repeated fit test with the same or a new model of respirator. 

Conversely, a false pass result occurs when a wearer with a poor-fitting facepiece 

(leakage >1%, QNFF < 100) does not indicate detection of the challenge agent during the 

fit test and an incorrect pass result is recorded. In this situation, the facepiece is 

erroneously deemed to provide a suitable fit for the wearer, potentially leading to serious 

consequences for their immediate and long-term health [23]. 
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Since the consequences of erroneous fit test results can be health critical, research in this 

area is crucial in improving the wearer’s safety. This review describes the current 

understanding of sources of error in QLFT and identifies research gaps. This is a complex 

field involving both intrinsic and extrinsic factors; intrinsic factors include statistical 

errors inherent in the validated fit test method, and extrinsic factors include errors arising 

from the subjective nature of leak detection and human errors in application of the 

method. This review presents a discussion of those studies pivotal to an understanding of 

sources of error in the QLFT method. The research gaps identified in this review will 

inform future studies which aim to improve the reliability of the QLFT method by 

reducing errors and hence safeguarding workers’ health.  
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2.3 Method 

A protocol was developed to establish the objectives of this literature review, the search 

strategy, inclusion / exclusion criteria, and the method for data analysis. An initial scoping 

study was conducted through Scopus to understand the size of the literature and determine 

the key themes in this subject area. Results of the scoping study were used to define the 

primary objective of the literature review as: the identification, assessment, and 

discussion of evidence from pivotal studies of errors in qualitative respirator fit testing. 

The scoping study identified three major themes in the literature on errors in QLFT:  

1) statistical errors inherent in the QLFT protocol, 

2) errors arising from the subjective nature of the QLFT method, 

3) human errors in the real-world application of the QLFT method. 

Using the articles identified in the scoping study, a set of keywords and phrases were 

formulated and tested using iterative methods. This method yielded a total of sixteen 

keyword combinations: four relating to theme 1, six relating to theme 2, and six relating 

to theme 3. Appendix A provides details of the keyword combinations associated with 

each theme. Following identification of the relevant keyword combinations, criteria were 

developed for the inclusion and exclusion of evidence. Studies were included in the 

analysis if they met all of the following criteria: 

1. The study reported use of the qualitative fit test method for testing filtering 

facepieces or reusable half mask facepieces. 

2. The study reported the use of methods and materials described in any of the 

following Standards / guidance documents: Health and Safety Executive guidance 

HSE282/28 (studies conducted pre-March 2019) [24], Health and Safety Executive 

guidance HSE INDG479 (studies conducted post-March 2019) [11], British Standard BS 

ISO 16975-3 [25], American National Standards Institute ANSI Z88.10 [26]. 

3. The fit test timings, exercises and procedure were correctly reported according to 

the relevant Standards / guidance document cited, unless a deviation was introduced 

specifically for the purposes of the study. 
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4. The study was conducted using Bitrex or saccharin as the challenge agent. 

5. The report was written in English. 

The keyword combinations identified in Appendix A were used to perform an electronic 

search of four academic databases: Scopus, Web of Science, PubMed and ScienceDirect. 

Authors, sub-authors and institutions were investigated further using the ‘Author ID’ and 

‘Affiliations’ tools available in Scopus. The review was not limited according to impact 

factor or date of publication since the number of results returned was of manageable size, 

yielding a total of 563 hits upon initial query. Detailed records were kept relating to search 

dates, keywords and number of results returned. Citation data and abstracts were 

catalogued in alphabetical order of author surname using Mendeley Desktop software 

(version 1.19.8). Removal of duplicates revealed a total of 188 unique entries which were 

filed for investigation. The title and abstract of each entry were examined, and those that 

did not meet the inclusion criteria were excluded. The main body of this review was 

conducted during the period February 2018 – November 2018 with continuous 

development up to December 2021 using alerts and citation feeds set up for key search 

phrases through Scopus. 
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2.4 Results 

The selection process resulted in a final set of 56 entries which met all of the inclusion 

criteria and hence were considered pivotal to an understanding of the current knowledge 

in this field. These entries were studied through examination of the full text and detailed 

notes were kept according to the key themes identified. A narrative approach is used to 

report findings for the three themes identified in this study, and a meta-analytic approach 

is used to review results which report a Beta error value. An additional inclusion criterion 

for these results required the reported Beta value to include a 95% confidence interval 

(CI) statistic. 

This results section provides a review of the pivotal studies relating to the understating of 

errors in qualitative fit testing through the three themes identified: 1) statistical errors 

inherent in the QLFT protocol, 2) errors arising from the subjective nature of the QLFT 

method, and 3) human errors made in the real-world application of the QLFT method. 

The first of these three themes are the method statistical errors; those associated with the 

sensitivity and efficacy of QLFT as a fit testing method. 

 

2.4.1 Statistical errors inherent in the QLFT protocol 

In statistical terms, there are two types of errors associated with fit test methods: Alpha 

errors and Beta errors. The Alpha error is the probability that a wearer with a well-fitting 

facepiece will fail the fit test (a false fail result), and the Beta error is the probability that 

a wearer with a poor-fitting facepiece will pass the fit test (a false pass result). Various 

descriptors have been used by researchers when reporting these values in articles, 

including the Greek symbols ‘α’ and ‘β’ and the terms ‘false positive error’ and ‘false 

negative error’ [23][27]. In this section describing the pivotal research on statistical 

errors, the terms ‘Alpha error’ and ‘Beta error’ are used in place of other terms except 

when quoting directly. 

The Health and Safety Executive INDG479 guidance for fit testers refers to criteria in 

British Standard BS ISO 16975-3, which recommends the American National Standard 

ANSI/AIHA Z88.10-2010 as providing a suitable evaluation protocol and criteria for the 
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statistical analysis of new fit test methods [25][26]. The ANSI/AIHA Z88.10–2010 

protocol (the ‘ANSI protocol’) evaluates any new fit test method through analysis of 100 

sequential paired fit tests against a reference QNFT method. These paired fit tests must 

include 50 tests that result in a reference method fit factor that is greater than 5% and less 

than the required fit factor (RFF) value.  Data collected from the paired fit tests are 

analysed using a 2 × 2 contingency table which allows reporting of the following: 

- Test Specificity (probability that a wearer with an acceptable fit will pass the fit test), 

- Test Sensitivity (probability that the test will correctly identify an inadequate fit), 

- Beta error (probability of a false pass, defined as 1 – Test Sensitivity) 

- Alpha error (probability of a false fail, defined as 1 – Test Specificity) [26]. 

The ANSI protocol criteria stipulate that the Test Specificity should be > 0.50, Test 

Sensitivity must be ≥ 0.95, and hence the calculated Beta error must therefore be ≤ 0.05. 

Of these criteria, the Beta error is deemed by The National Institute for Occupational 

Safety and Health (NIOSH) to be the most important statistic from the standpoint of 

worker health, and is the key value quoted by researchers when investigating existing or 

new fit test methods [26]. The Alpha error by contrast is rarely reported by researchers, a 

subject which will be discussed later in this section. 

Much of the body of research work involving QLFT methods is based upon the two 

original validation studies of the saccharin and Bitrex methods [28][29]. The Bitrex 

validation study is frequently cited by current researchers and the original methodology 

is the basis for extant Standards and guidance [30][31][32]. Although these two studies 

are regarded as seminal works in this field, both contain limitations which raise questions 

regarding their suitability as reference works today. The original saccharin validation 

study, conducted using half mask respirators with high efficiency filters, reported a point 

estimate for the Beta error at 0.0, 95% CI [0.0 – 0.05], a value which falls within the 

ANSI criteria. Although this study included a large number of paired fit tests (N =144), 

the methodology was specifically designed to evaluate whether the new test method was 

effective in rejecting fit tests with a required fit factor (RFF) of 10 and was therefore 

biased towards extremely low fit factors and hence poor-fitting respirators. When the 

authors re-analysed the data against an RFF of 100 (today’s standard for high-efficiency 
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filtering and reusable half mask respirators), the point estimate for the Beta error was 

reported to be 0.03, 95% CI [0.0 – 0.08] [28]. The authors used a one-sided confidence 

interval in their estimate of the Beta error in this study. This method appears to be 

appropriate in this context since the upper limit of the Beta error is of the most interest in 

safety terms where higher values indicate a greater probability of a false pass and hence 

are of greatest concern. 

The original Bitrex QLFT validation study was conducted alongside a re-evaluation of 

the saccharin protocol and again used half mask respirators with high efficiency filters. 

This study reported a point estimate for the Beta error of 0.04, 95% CI [±0.05] for both 

methods against an RFF of 100 [29]. The estimated two-sided confidence interval 

reported in this study however suggests a lower confidence limit of -0.01, a value which 

is impossible since the Beta error is a measure of proportion and must therefore lie in the 

range 0 to 1. Notes provided in the article reveal that this discrepancy arises as a result of 

the author’s use of the Normal approximation for the confidence interval. This 

approximation has been shown to be unreliable when either the sample size is small, or 

the proportion is close to 0 or 1 as in this case [33]. A better approximation may have 

been obtained through use of an alternative method such as the Agresti-Coull interval or 

Wilson interval which use a relocated centre estimate to improve the approximation of 

the confidence interval. In addition, and unlike the original saccharin validation, there 

was no attempt to randomise the order of the reference / test method, and fail results were 

forced using respirators that were deliberately mis-sized ‘by one or two sizes’. Such 

practice introduces the potential for wearer-bias since failures would have been 

identifiable from comfort alone. Moreover, the authors tested both the saccharin and the 

Bitrex methods sequentially in a single donning (in randomised order) after the reference 

QNFT method, leaving only a 1-minute gap between tests ‘to allow any taste from the 

first test to diminish’. The current protocol following detection of taste would require the 

wearer’s palate to be cleared completely and the sensitivity test repeated in order to re-

establish the wearer’s taste threshold [12]. This raises questions about the methodology 

of this study with potential for the taste to linger between the sequential tests, leading to 

unreliable reporting of fit test outcomes. 
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Later studies conducted with the saccharin and Bitrex QLFT methods have reported 

higher Beta values than the original studies, all of which fail to meet the ANSI criteria 

Beta error value of ≤ 0.05. Figure 2-1 provides an overview of the Beta values reported 

by studies using the Bitrex or saccharin QLFT methods against an RFF of 100.  This 

evidence appears to suggest that the estimate for the Beta error has increased over time 

potentially indicative of a less robust application of the original method. 

Figure 2-1 Beta values reported in articles included in this study against a required fit factor 

(RFF) of 100, listed in chronological order 

Notes: ANSI Criteria value ≤ 0.05 is the acceptable Beta error for a new fit test method as defined 

by American National Standards Institute ANSI/AIHA Z88.10-2010 [26], CI = Confidence 

interval. 

A 1998 study to evaluate the use of the Bitrex QLFT method for fit testing N95 filtering 

facepieces reported a Beta error of 0.09 95% CI [0.00 – 0.21] [34]. A later study by Coffey 

et al [22] compared the use of five different QLFT and QNFT methods for fit testing of 

N95 filtering facepieces and reported a Beta error of 0.11, 95% CI [± 0.05] for the Bitrex 

method and 0.09, 95% CI [± 0.05] for the saccharin method. Coffey et al [35] also re-

evaluated the use of the Bitrex method in simulated workplace tests. The study was 

designed to assess the ability of the method to identify respirators that did not provide 
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adequate workplace protection, and results suggested a slightly improved Beta error of 

0.08, 95% CI [0.05 – 0.12] when calculated across all classes of respirators. The authors 

recognised apparent discrepancies between the Beta errors reported by this and previous 

studies and suggested a possible effect due to the different types of respirators used in the 

studies. Indeed, several studies have suggested that Beta errors may vary with the type or 

class of respirator studied [36]. Coffey et al [35] reported that Beta errors were 

consistently higher when tests were conducted using reusable half mask respirators (Beta 

error 0.14, 95% CI [0.08 – 0.20]) than when compared to studies using filtering facepiece 

respirators (Beta error 0.05, 95% CI [0.03 – 0.10]). The authors suggested a possible 

mechanism for the improved Beta values reported with filtering facepiece respirators 

involving differences in the inhalation surface area (and hence differences in filter 

penetration rates) [35]. 

Several authors have suggested that the choice of QNFT reference method appears to 

affect the Test Sensitivity (and hence Beta error). To evaluate the comparability of 

reference methods, Janssen et al [37] tested the QLFT (Bitrex) method against two QNFT 

methods (ambient particle counting and controlled negative pressure) cited as possible 

reference-method alternatives to the usual generated aerosol QNFT method. Data 

reported from this study indicate that the alternative QNFT reference methods produced 

Test Sensitivity (and hence Beta) values which were not in agreement with each other 

and did not meet the ANSI criteria. These results led the authors to recommend the 

continued use of the generated aerosol QNFT method instead of the alternative ambient 

particle counting and controlled negative pressure methods for fit testing validation 

studies. The issue of the reference method was also highlighted by a study which reported 

on work conducted by the Health and Safety Laboratory in evaluating the pass level for 

high-efficiency filtering facepiece (FFP3) respirators. The study reported a Beta error of 

0.12, 95% CI [± 0.05] for the Bitrex QLFT method, a value significantly higher than the 

ANSI criteria value [38]. The authors reported the limitations of using the sodium 

chloride generated aerosol Total Inward Leakage (TIL) method as the reference method 

in validation studies for FFP3 respirators where filter-penetrating particles can never be 

eradicated entirely, and hence fit factors will be biased low. 
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Although not a directly assigned value according to the ANSI criteria, several researchers 

have reported on the Alpha errors associated with the QLFT method, noting values that 

are far higher than the recommended value of < 0.50 [22][35]. The Alpha error in QLFT 

is defined as ‘1 – Test Specificity’, where Test Specificity is the fraction of wearers with 

acceptable fits that pass the new fit test method [26]. Whilst Alpha errors are widely 

considered to be inconvenient and wasteful of resources, they are often regarded as 

innocuous and are therefore largely ignored by researchers in favour of the more safety-

critical Beta errors [23]. This assumption however was challenged by Coffey et al [35] in 

their study into the Alpha and Beta errors associated with common fit test methods. This 

study discussed the secondary effects of high Alpha errors and considered a possible 

impact on the Beta error associated with the QLFT method [35]. The authors argue that 

high Alpha errors can lead to an increase in the Beta error because, in line with current fit 

testing guidance, a failed fit test is permitted to be re-attempted up to twice. These 

repeated fit tests, using the same respirator-wearer combination, effectively allow another 

opportunity for a Beta error to be made creating a compound effect. This argument 

provides further weight to a previous study which suggested a model to describe the 

incorrect assignment of respirators, which predicts assignment errors of up to 20% [27]. 

When considering sources of error in QLFT, statistical values provide a key laboratory-

based error rate, and these have been extensively studied and reported by numerous 

researchers in this field. Beyond these intrinsic errors, this review reveals two extrinsic 

factors which appear to be pivotal to an understanding of sources of errors in QLFT. The 

first of these are the errors that may arise due to the subjective nature of the QLFT method 

and the human detection system. 

 

2.4.2 Errors arising from the subjective nature of the QLFT method 

The problems of subjectivity associated with the QLFT method were first highlighted in 

the original evaluation study of the saccharin method which was conducted in 1984 [28]. 

The importance of the subjective nature of the method was not underestimated by the 

author who acknowledged that identification of a poor fitting facepiece rests upon the 

human detection system: 



 

29 

“The test relies on the subjective response of the wearer as to whether or not the 

test agent has penetrated into the interior of the facepiece. If the wearer is unable 

to detect any penetration, then it is assumed that there is a satisfactory fit between 

the facepiece and the wearer’s face.” [28] 

The challenges of managing the subjective nature of the QLFT method have since been 

highlighted by numerous researchers. One study reported that wearers exposed to the 

saccharin challenge agent elicited “no grimace or withdrawal” and some wearers took 

several seconds to characterise the saccharin taste, compared to wearers exposed to the 

Bitrex taste agent, who “elicited a strong, objectively observable withdrawal response.” 

[39]. Indeed, the development of the Bitrex method aimed to provide an alternative to the 

‘tolerable’ response reported for the saccharin method at that time [29]. The apparently 

greater adverse taste reaction to Bitrex may be explained by a comment by Mennela et al 

[40] in their overview of the research on Bitrex taste, where “Bitrex taste is thought to 

have evolved as a deterrent against ingesting toxic substances”. A more recent study 

described the problems that wearers had experienced in positively identifying taste during 

QLFT [38]. The study employed statistical methods to handle borderline results, 

considering them separately as ‘passes’ or ‘fails’, underlining the uncertainty and 

potential for error in these results. Further research in this area is needed to better 

understand whether errors can arise from wearers’ ability to elicit the desired taste 

response and how this may affect fit test outcome. 

In addition to errors which may arise due to mischaracterisation of taste, some researchers 

have raised concerns about the ability of the method to properly determine the wearer’s 

taste threshold. The original QLFT methodology and current fit testing standards include 

a threshold screening test using a ‘sensitivity solution’ (a diluted version of the fit test 

solution) [41][11]. This threshold screening (or ‘sensitivity’) test is used to assess the 

wearer’s ability to detect the challenge agent at a concentration equivalent to a 1% face 

seal leakage, and hence screen out wearers with low taste response. Some researchers 

however have raised concerns that the sensitivity test may not adequately assure accurate 

detection of the test agent. This is supported by a number of studies which have reported 

that a proportion of wearers incorrectly identify the taste of a water placebo when 

substituted for Bitrex or saccharin challenge agents [36]. Indeed, in the original evaluation 
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of the new Bitrex QLFT method, the authors used an additional pre-qualification step to 

the sensitivity test which included the use of a distilled water placebo control as part of 

the threshold screening test [29]. Since these wearers were not permitted to continue to 

the fit test, the reported Beta error (0.04 [95% CI]) may be lower than would have been 

if these wearers had been allowed to continue. This provides a possible explanation for 

the higher Beta errors reported by later studies that did not include a placebo as a pre-

qualification step. A number of researchers have since used a distilled water placebo as a 

control in their methodology and have reported on the proportion of wearers that 

incorrectly responded to the control. In their 2012 study, Mitchell et al [42] used a double-

blinded trial with three different sensitivity solutions (commercial saccharin solution, 

homemade saccharin solution, and a distilled water placebo) and reported that 16.7% of 

participants (n = 48) incorrectly characterised the taste of the water placebo as saccharin. 

A more recent study by Fakherpour et al [43] in 2019 reported on a study of QLFT for 62 

healthcare students in Iran. This single-blind, placebo (distilled water) controlled trial 

reported that 29% of wearers incorrectly characterised the placebo. 

An additional problem with taste detection is that humans naturally have a range of taste 

detection threshold limits. The Bitrex and saccharin QLFT methods aim to accommodate 

wearers’ different taste threshold values by grouping them into four sensitivity bandings. 

These sensitivity bandings are grouped according to the number of ‘applications’ of 

sensitivity solution required to elicit a response [12]. 

Band 1 (1 – 10 applications):  High sensitivity 

Band 2 (11 – 20 applications):  Medium sensitivity 

Band 3 (21 – 30 applications):  Low sensitivity 

Band 4 (> 30 applications):  Sensitivity below level required for this method 

One study reported that wearers indicated taste detection of saccharin after a mean of 2.38 

applications of a commercially available sensitivity solution, and taste detection of Bitrex 

after 1.35 applications of a more concentrated version [39]. Sensitivity bandings are used 

to dictate the number of applications of fit test solution (challenge agent) which should 

be used during the second stage of the fit test. A more recent study reported on statistical 

evaluation of outcomes for wearers with different taste threshold values as part of an 
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investigation into pass criteria for FFP3 respirators [38]. This study reported an improved 

statistical Test Sensitivity when wearers with a sensitivity level > 5 (lower sensitivity to 

Bitrex) were removed, suggesting “the Bitrex fit test may be giving more reliable results 

where test subjects have a more typical sensitivity to Bitrex” [38]. There is a paucity of 

research in this area of subject-response and the overall contribution to errors in QLFT is 

not well understood. Mennella et al [40] described the wide variety in human and animal 

taste response, commenting that “taste is experienced through a ‘sensory window’ that 

changes with age and experience and is partially defined by genetics”. In a recent study 

using QLFT to evaluate novel respirators during the shortage in supply of RPD in the 

SARS-Cov-2 pandemic, researchers at Imperial College London emphasised that “this 

psychophysical method has inherent limitations in that some will not be able to taste the 

solution ever and others may think they are tasting it when they are not” [44].   

This section has addressed the issues of taste from a wearer-positive position: where the 

wearer is believed to be truthful in their ability and willingness to detect and report taste. 

However, the subjective nature of the QLFT method introduces an additional source of 

error - a wearer that uses their wilful influence to ‘cheat’ the outcome of the test. A study 

of QLFT conducted amongst healthcare workers (HCWs) in Australia summarised this 

effect in their study by suggesting that, “it is also possible that some HCWs with increased 

anxiety may intentionally or unintentionally fail the fit test (indicating a leak) during a 

pandemic” [45]. The problem with a fit test based upon subjective taste is highlighted by 

Mennella et al [40] who describe the problems associated with taste perception which can 

only indirectly be measured through observation or response of the human subject. 

Although research gaps remain in areas of taste characterisation and a possible placebo 

effect, errors arising from the subjective nature of QLFT have been broadly documented 

and are widely acknowledged. Current Standards and guidance recommend that factors 

which can affect the wearer’s taste should be ‘properly managed’ by the fit tester to ensure 

reliable outcomes [12]. Management of the wearer’s taste palate is one of the many tasks 

assigned to a qualitative fit test operator; a role which is critical in application of this 

highly manual method. Human operator errors in real-world application form the second 

of the extrinsic factors in understanding errors in QLFT. 
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2.4.3 Human errors made in the real-world application of the QLFT method 

The QLFT method is a manual procedure which relies upon the ability of a fit tester to 

properly understand, apply, and manage a prescribed protocol. A number of sources have 

questioned whether the skills and knowledge of some fit testers is adequate to enable them 

to carry out their function satisfactorily [46]. Development of the BSIF RPE Fit Test 

Providers ‘Fit2Fit’ Accreditation Scheme (Fit2Fit scheme) acknowledged that a lack of 

competency exists in the UK workplace, with the potential to cause serious harm to the 

health of the wearer [47]. Indeed, the BS ISO Standard 16975-3 highlights that the 

reliability of the validated QLFT method depends upon the proper application of the 

accepted test protocol by the fit tester. 

“any variation from the procedure specified below can invalidate the results, 

including changes in solution concentration, how the bulb is squeezed, the number 

of squeezes, and the size of the fit-test hood” [25]. 

Although there are numerous comments in the literature which suggest serious concerns, 

there has been little or no attempt to assess how well the QLFT method is applied in real-

world settings by real-world fit testers. Coffey et al [35] attempted to predict the 

probability of workplace errors through development of a theoretical simulated workplace 

protection program model. This model suggested a predicted false pass rate of 19% for a 

simulated program which allowed three re-attempts using the same respirator model [35]. 

A 2018 study commented on the role of the fit tester in workplace fit testing programs in 

the United States, suggesting a severe lack of formal training and experience, a situation 

echoed by other commentators [48].  

UK researchers have described how pressure has been placed on fit testers to take short 

cuts to minimise workers’ downtime and stress the importance of a properly conducted 

fit test [49]. This is further highlighted by evidence presented at a fit testing stakeholders’ 

meeting hosted by the Health and Safety Executive which heard reports that some fit 

testers deviate from guidance and apply fit testing methods inconsistently [50]. A former 

chair of the ANSI/AIHA Z88.10-2010 committee on respirator standards commented 

that, 
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“a common problem with respirator fit testing is that poorly fitting respirators 

may pass when the operator doesn’t administer the test correctly. This is 

particularly true for qualitative fit testing, but also applies to quantitative fit 

testing” [51]. 

These statements are supported through critical evaluation of the methodology section of 

studies which have included the use of the QLFT method. A recent review of the 

implementation of QLFT in dentistry during the SARS-CoV-2 pandemic highlighted 

several errors in application, including a failure to remove both bungs from the nebuliser 

and use of a full-face shield underneath the fit testing hood, both contravening current 

UK guidance [52]. Another recent review of fit testing, published in the British Dental 

Journal included a fit test exercise regime which differed from the published HSE 

guidance [53]. Inconsistencies in methodology between manufacturer’s user instructions 

and guidance adds further potential problems for real-world fit testers, including varying 

guidance about the required nebuliser fill volume and variation in the time required to 

clear the wearer’s palate [25][12].  

Perhaps the biggest indicator of real-world application problems comes from the 

published results of assessments undertaken through the Fit2Fit scheme. This voluntary 

scheme provides assessments and subsequently awards the ‘Fit2Fit accreditation’ to fit 

testers who demonstrate their skills and knowledge against a syllabus which references 

HSE INDG479 [54]. Figures published for the year to February 2020, show that 30% of 

fit testers that put themselves forward for assessment failed to meet the required standard 

in their practical examination, giving the clearest indication yet of a lack of competency 

amongst real-world fit testers in UK workplace settings [55]. 
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2.5 Discussion 

Results of this literature review indicate a disparity in research efforts across the three 

themes identified as being pivotal to an understanding of errors in QLFT. Figure 2-2 

provides an overview of the research gaps revealed through this literature review under 

the three themes. 

 

Figure 2-2 Research gaps identified in three themes pivotal to an understanding of errors 

in qualitative fit testing 

This review indicates that statistical errors in QLFT have been extensively studied by 

numerous researchers, with the ANSI criteria providing a solid basis for comparison and 

evaluation. Whilst there appears to be agreement amongst researchers that Beta errors are 

the most significant statistical error arising from fit testing in terms of safety, the studies 

reported here do not agree on a definitive value for the Beta error for the saccharin and 

Bitrex QLFT methods, instead suggesting a range of 0.03 – 0.12. The studies analysed in 

this review suggest that reasons for this range may include differences in the design of 

Errors in QLFT

1. Statistical errors inherent in the QLFT protocol

- What is the Beta error for QLFT according to mask type?

2. Errors arising from subjective nature of the QLFT method

- What is the size of the placebo effect?

- How do taste threshold bands impact fit test outcome?

3. Human errors in real-world application of QLFT

- Do fit testers make errors in real-world fit testing?

- How often do errors occur?

- In which areas are errors made?

- What is the impact of errors on fit test outcome?

- What controls are available to fit testers?

- What can be done to mitigate human errors?
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research, types and classes of respirators used, and the choice of QNFT reference method 

used. This complicates the ability of researchers to compare results from separate 

validation studies and to assess whether the method meets the ANSI criteria under varying 

conditions of study. The Beta error is reported along with other statistics during 

evaluation or validation of new fit test methods; a crucial process when assessing the 

safety and efficacy of any new method. It is of concern then, that this review indicates 

that the Bitrex and saccharin QLFT methods fail to meet the ANSI criteria in many recent 

studies and particularly when used for half mask classes of respirators. Further research 

is necessary to better understand these differences in order to assure wearer safety across 

all applicable respirator classes. 

The results of this review show that possible errors arising from the subjective nature of 

the QLFT method have been widely discussed in the literature, but several research gaps 

remain. Given the importance of taste detection to the integrity of the QLFT method, it is 

perhaps surprising that the placebo effect reported by a number of researchers has not 

been further investigated. QLFT taste methods are entirely dependent on the ability of the 

wearer to properly detect the challenge agent aerosol. Incorrect characterisation of taste 

either at sensitivity threshold testing, or during fit testing, has the potential therefore to 

lead to under-detection of face seal leakage and hence produce false pass results. In real-

world terms, the safety-first benefits of including an additional placebo-testing step in 

QLFT methodology would far outweigh any minimal additional time or financial burden 

that this may incur. In terms of real-world impact, very few researchers have investigated 

the impact on fit test outcomes for wearers that fall into different sensitivity bandings, or 

how these are affected by external factors such as smoking. Wearers that have a strong 

desire to pass a fit test, perhaps due to pressures of time, money or peer pressure can do 

so by choosing not to report a detectable taste, leading to a false pass result.  Further 

research including surveys of human taste detection in QLFT, and wearer attitudes is 

needed to better understand possible factors and provide solutions to these problems. 

A wealth of research literature is devoted to evaluation of the QLFT method in laboratory 

settings, but it is the gaps in research in real-world settings that are most apparent.  This 

review has identified very few studies that have examined the application of QLFT in 

workplace settings, and none that have attempted to investigate whether real-world fit 
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testers make errors in applying the validated protocol and how these may impact fit test 

outcome. Human errors in real-world application of the QLFT method appear to be poorly 

understood, with no formal studies in this area. Evidence about the sources, prevalence, 

and impacts of human errors on QLFT outcome are limited to discussions amongst 

stakeholders and anecdotal reports. This review finds a significant research gap in this 

area, and thorough understanding of human errors in QLFT is needed to assure the safety 

of this method in workplace fit testing programmes.  

Qualitative fit testing is a manual process, dependent upon the taste response of a human 

wearer and the skills and ability of a human fit test operator. This review has highlighted 

that the competency of the fit tester is widely recognised as being crucial in assuring 

proper application of the QLFT method. Whilst there are strong indicators from 

commentators in this field that fit testers may lack the appropriate skills and knowledge, 

very little is known about errors made by fit testers in real-world settings. Further research 

is needed to assess the prevalence and types of errors made by fit testers and whether 

these can lead to false pass results. Studies are also required to better understand why fit 

testers make errors and whether further controls can be implemented to increase the 

reliability of the test outcome. 

This review has revealed that the factors contributing to errors in QLFT are multi-faceted, 

with a number of contributory themes. The safety-critical nature of fit testing is such that 

a thorough understanding of each of these factors is both vital and urgent. Employers 

have a duty of care to ensure that employees are adequately protected from respiratory 

hazards at work, and workers have the right to expect this to be done properly. Fit testing 

is just one link in the chain of respiratory protection, but that chain is only as strong as its 

weakest link. 
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2.6 Conclusion 

Errors in QLFT can be described through three factors: statistical errors inherent in the 

method, errors arising from the subjective nature of the method, and human errors in real-

world application. This review has identified very few gaps under the theme of statistical 

errors, with numerous studies providing a rigorous understanding in this area. Several 

gaps were revealed pertaining to the theme of errors arising from the subjective nature of 

the method, with further research required to better understand a possible placebo effect 

and the variation in human taste characterisation. The most significant gaps were 

identified for the theme of human errors in the application of the method in real-world 

settings. Gaps in research in this area indicate that whilst much is known about the QLFT 

method under laboratory test conditions, little is known about its application in the real 

world. If the safety of workplace QLFT, and hence the safety of the wearer, is to be 

assured then all sources of error must be properly understood, including those resulting 

from human error. 
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3 Human errors in qualitative fit testing: a study of real-world 

fit testers 

3.1 Abstract 

Fit Testing is an essential part of any respiratory protective device program and provides 

assurance that a selected make, model, and size of facepiece is suitable for an individual 

wearer. Although qualitative fit test methods are assumed to be simple and easy to use, it 

remains critical that the methodology is applied in accordance with the protocols set out 

in guidance to ensure that a correct ‘pass’ or ‘fail’ result is assigned. An incorrectly 

assigned pass result increases the risk to the wearer of exposure to hazardous respiratory 

substances in the workplace putting their health or life in danger. Fit testing stakeholders, 

manufacturers and regulatory bodies have raised concerns about the quality of fit testing 

conducted in the UK workplace, but there have been no published research studies in this 

area to date. This article presents results from a study into the errors made by real-world 

fit testers, using the data gathered during Fit2Fit practical assessments over a ten-year 

period from 2009 to 2019. When application of the qualitative fit test method was 

measured against the HSE INDG479 protocol, assessment records indicate that fit testers 

made a median of 4 errors, and a high of 29 errors. Fit2Fit accredited fit testers appear to 

make half as many errors as non-accredited fit testers, yet the scheme remains voluntary 

in the UK. The sources of errors were analysed in detail and revealed that the most 

common errors were made in instructing the wearer, donning and fit checking RPE, 

verifying the nebuliser function, and assuring the wearer’s taste detection. Results from 

this study suggest that errors made by real-world fit testers are common, and steps to 

mitigate the assignment of false pass fit test results arising from these errors are needed 

if wearer health is to be better protected. 
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3.2 Background 

Fit testing is an essential part of any effective respiratory protective device (RPD) 

program and is a crucial link in the chain of assuring worker protection. Tight-fitting 

facepieces, which include disposable masks, and reusable half masks and full-face masks, 

must be suitably matched to a wearer’s individual facial features to minimise leakage via 

the face seal. The Approved Codes of Practice supporting the Control of Substances 

Hazardous to Health (COSHH) Regulations 2002 require that all reasonable steps be 

taken to prevent or reduce exposure to substances hazardous to health [1]. Where RPD is 

selected on the basis of a risk assessment, it must provide adequate protection against the 

hazard and, in order to be suitable for the wearer, the initial selection of tight-fitting 

facepieces should include a fit test. 

Guidance on fit testing of RPD facepieces is set out in the Health and Safety Executive 

(HSE) industry guidance document HSE INDG479 [2]. This guidance is supported 

through the British Safety Industry Federation (BSIF) Fit2Fit Companions which provide 

complementary practical guidance in a series of documents which accompany the main 

three fit test methods: qualitative, quantitative (ambient particle counting) and 

quantitative (controlled negative pressure) [3][4][5]. Quantitative fit test (QNFT) 

methods can be used to fit test all classes of tight-fitting facepieces and employ the use 

of an instrument to assess the amount of face seal leakage, producing a numerical value 

known as a fit factor (FF) [6]. Qualitative fit test (QLFT) methods are restricted in their 

use to disposable and reusable half masks, however due to their relatively low cost and 

ease of use, these methods are in widespread use in the UK workplace.  

QLFT methods use the wearer’s sense of taste (or less commonly, smell) to identify face 

seal leakage of a bitter- or sweet-tasting challenge agent and produce an outcome that is 

a simple pass or fail result. The importance of properly assigning a ‘pass’ or ‘fail’ fit test 

result cannot be underestimated; RPD facepieces may be the last (and sometimes only) 

line of defence against a respiratory hazard, and a wearer that is assigned a pass result in 

error (a false pass result) potentially risks increased exposure in the workplace. False pass 

results can occur in all fit testing methods and arise when a wearer with an unsuitable 

(leaking) facepiece erroneously passes a fit test. It is critical to reduce errors that may lead 

to false pass results to assure the health and safety of RPD wearers. 
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Sources of errors in the QLFT method are complex, and a literature review has identified 

three key themes which are crucial to an overall investigation: 1) statistical errors inherent 

in the QLFT method, 2) errors arising from the subjective nature of the method, and 3) 

human errors made in real-world application of the method [7]. Whilst the first two of 

these areas are largely well understood, further research is needed, especially in 

understanding the wide range of statistical errors reported and the problems of 

subjectivity associated with this method. The biggest gap identified by the literature 

review was the paucity of research into human errors in QLFT. Almost all research into 

the QLFT methodology has thus far been conducted under laboratory conditions, with 

those studies which have been conducted in the workplace focussing on the outcomes of 

workplace protection factors studies or respirator type. Although many commentators 

have expressed concerns and cited anecdotal evidence about human errors in real-world 

application of the QLFT method, there have been no formal research studies conducted 

in this area to date. The strongest indicator of the prevalence of human errors in QLFT 

comes from data provided by the BSIF RPE Fit Test Providers ‘Fit2Fit’ Accreditation 

Scheme (Fit2Fit scheme). Figures published by the BSIF in October 2021 reported that 

30% of the fit testers who were assessed through the scheme failed to meet the standard 

of competence set against HSE INDG479 guidance [8]. This suggests that human errors 

in workplace QLFT may be far more common than those identified in laboratory settings 

and hence the workplace safety of this method must be questioned. 

This study is the first to use the primary data gathered during Fit2Fit assessments as a 

research tool for addressing three important research questions: 1) how frequently do real-

world fit testers make errors in application of the QLFT method; 2) what are the main 

sources of human errors in QLFT; and 3) what are the implications and recommendations, 

if any, for use of the QLFT method in the UK workplace? Research into human errors in 

QLFT, along with an understanding of where and how errors are made is crucial if false 

pass results are to be mitigated and the workplace safety of this fit test method assured. 

This in turn is essential for ensuring that wearers of tight-fitting facepieces are afforded 

the protection they expect in the workplace. 
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3.3 Method 

3.3.1 Data collection 

Under UK guidance, fit testing should only be conducted by a competent person [2]. A 

competent person as defined by the British Standard BS ISO 16975-3 is, “person with 

suitable and sufficient experience and with practical and theoretical knowledge of fit-test 

methods” [6]. Although not mandatory, HSE INDG479 guidance cites the Fit2Fit scheme 

as one way in which fit testers can demonstrate their competence in fit testing. The Fit2Fit 

scheme has a set of well-defined assessment criteria which closely reference HSE 

INDG479, providing a consistent and controlled evaluation mechanism [9]. The primary 

purpose of the records (assessment papers) gathered during the Fit2Fit assessment process 

is to enable a judgement to be made of a fit tester’s competence. Since recording is made 

meticulously against traceable criteria, these assessment papers also provide a detailed 

insight into those areas of the fit testing process which the fit tester conducts correctly, 

and those in which errors are made. This thereby offers a unique opportunity for 

secondary research into human errors in real-world QLFT. 

The process of Fit2Fit assessment which results in Fit2Fit accreditation is shown in Figure 

3-1. Fit testers may apply for assessment in any (or all) of the three of the fit testing 

methods which are described in HSE INDG479: qualitative, quantitative (ambient 

particle counting) and quantitative (controlled negative pressure). 

 

Figure 3-1 Schematic of the process leading to Fit2Fit accreditation 

Notes: Fit2Fit accreditation is awarded by the British Safety Industry Federation (BSIF). 
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The Fit2Fit assessment process is designed to examine the knowledge, understanding and 

practical skills of RPD fit testers through a theory examination and practical assessment. 

Successful candidates are awarded the ‘Fit2Fit accreditation’ and are required to re-sit the 

practical assessment every 3-years, and the theory examination every 6 years to maintain 

their accreditation status. The theory examination is designed to assess a fit tester’s 

knowledge of relevant guidance, and the practical assessment is designed to assess a fit 

tester’s practical skill and ability to apply the method. Since this research study is 

concerned with investigating human errors in the application of the method, analysis was 

undertaken for the practical assessment only. Further studies to assess the fit tester’s 

knowledge using the theory examination may be useful in providing information to 

authors of guidance and Standards, or fit test training courses.   

The primary data used in this research (assessment papers) were recorded by nine 

different Fit2Fit assessors during Fit2Fit practical assessments conducted between 2009 

and 2019 at numerous different locations around the UK. A complete dataset of 656 

QLFT assessment papers, for 396 different subjects, was made available for secondary 

research at BSIF offices, along with supporting protocols and procedures. This dataset 

provided a record of the observations of over 800 hours of practical QLFT for a wide 

range of different filtering facepieces and reusable half mask respirators. Wearers 

participating in these assessments had received no previous training or experience of 

using RPD in the workplace and were asked to read the pre-assessment documentation 

provided by Fit2Fit and give consent for participation. During the practical assessment, 

the fit tester was required to prepare and conduct one or more fit tests for a wearer using 

a range of facepieces applicable to the fit test method. Each practical assessment was 

observed and marked by a Fit2Fit assessor who used an assessment paper to record 

compliance or deviation (an error). Assessment was conducted against a set of prescribed 

assessment criteria, which reference the HSE INDG479 protocol (Appendix B) and 

Fit2Fit accreditation was subsequently awarded on the basis of the assessor’s judgement. 

For the purposes of this study, each of the 656 available assessment papers was 

investigated using a methodical paper-by-paper secondary analysis process. Data was 

anonymised and transferred from each hard-copy paper to an electronic spreadsheet for 

secondary inquiry and statistical analysis. Various versions of the assessment paper were 
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found to have been used over the 10-year period, with additional sub-criteria and varying 

recording fields. Integration of all versions was necessary to allow analysis of the entire 

dataset, and therefore sub-criteria were merged and recording fields were dummy-coded. 

Of the total dataset available, 17 assessment papers were found to be either incomplete or 

partially illegible and were therefore removed, leaving a total of 639 assessment papers 

included in this study. 

 

3.3.2 Scoring and assessment criteria 

A Fit2Fit assessment paper equips the Fit2Fit assessor with a set of 49 assessment criteria 

and three recoding options against each: ‘Fully covered’, ‘Partially covered’, and ‘Not 

covered’. Since the purpose of this research was to investigate the prevalence and sources 

of human errors, these options were streamlined and dummy-coded into a binary scoring 

system. This scoring system used ‘0’ to denote a ‘Fully covered’ outcome (indicating 

compliance with the HSE INDG479 protocol), and ‘1’ to denote a ‘Partially covered’ or 

‘Not fully covered’ outcome (an ‘error’, indicating deviation from HSE INDG479 

guidance). 

To provide clear terms of reference, each of the 49 Fit2Fit assessment criteria were 

referenced by linking to the corresponding criteria in both the Fit2Fit syllabus and HSE 

INDG479, and these are detailed in Appendix B. The data were analysed both at 

individual-criterion level and in groups according to the assessment paper section 

headings, which facilitated analysis of specific criteria and wider trends. Data were 

handled in spreadsheet software (Microsoft Excel, Microsoft Office 365) and symmetry 

of the data was investigated using a skewness test. Appropriate descriptive statistics were 

used to examine the data and non-parametric statistical analysis was performed using 

IBM SPSS software (version 26). A Mann-Whitney U test was used to compare the error 

scores for sub-groups according to accreditation status of non-accredited and Fit2Fit 

accredited subjects (significance level = 0.05). 
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3.4 Results 

The outcomes of this study reveal that of the 639 Fit2Fit QLFT assessment papers 

investigated in this study, 30.0% (n = 192) indicated that the fit tester failed to meet the 

required standard to award Fit2Fit accreditation. This figure is in line with the data 

reported by BSIF in a recent communication [10]. Table 3-1 displays the descriptive 

statistics for observations recorded at Fit2Fit QLFT assessments and provides additional 

data about accreditation outcome. The mean number of errors recorded in assessments 

for fit testers that were judged to have failed the Fit2Fit assessment was 11.2 (n = 192), 

compared to a mean of 3.2 (n = 448) for those that passed the Fit2Fit assessment. 

 

Fit2Fit 

outcome 
Recorded error scores 

  M Mdn Range 

All  5.6 4 0 – 29 

Passa 3.2 2 0 – 22 

Failb 11.2 11 1 – 29 

Table 3-1 Descriptive statistics by outcome for Fit2Fit QLFT practical assessments during 

the period 2009 – 2019 

Notes: N = 639. an = 447. bn = 192. 

The frequency of errors recorded for fit testers attending Fit2Fit QLFT practical 

assessments for the period 2009 – 2019 is illustrated by the histogram in Figure 3-2. 

Possible error scores ranged from zero to 49, with a higher score indicating a greater 

number of errors and a higher deviation from the HSE INDG479 protocol.  Error scores 

in the data set showed a minimum score of zero errors and a maximum score of 29 errors. 

The mean score (M = 5.6) was greater than the median (Mdn = 4), indicating that the 

distribution had a longer tail towards higher scores. This positive skew was illustrated by 

the shape of the frequency histogram in Figure 3-2 and confirmed by a skewness statistic 

that was positive (skew = 1.34), indicating that the data was not normally distributed. 

These data show that one or more errors were recorded for fit testers in 83.7% (n = 535) 

of assessments, and an interquartile range of 1 to 9, shows that between 1 and 9 errors 

were recorded for fit testers in half of all assessments.  
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The data further indicate that five or more errors were recorded in almost half of all 

assessments (46.3%, n = 296), ten or more errors in one fifth of assessments (20.7%, n = 

132), and twenty or more errors in 2.7% (n = 17) of assessments. 

Figure 3-2 Frequency of errors recorded in Fit2Fit QLFT practical assessment papers, 2009 

– 2019 

Notes: N = 639. Maximum score = 49. 

Table 3-2 provides a summary of the descriptive statistics for each year of the study period 

(2009 – 2019). These results indicate a trend towards a broader range of error scores over 

this period of study, with the five highest mean and median scores in the latest five years. 

When the year of assessment (time variable) was regressed on the number of errors 

observed, the resulting unstandardised regression coefficient was b = 0.372. The value of 

this coefficient showed that, for every one-year increase since the start of the scheme, 

there was an increase of 0.372 observed errors. The R2 value for the regression model was 

0.03, indicating that year of assessment accounted for only about 3% of the variance in 

error score. 
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Year Recorded error scores 

 n M Mdn Range 

2009 20 2.8 3 0 - 10 

2010 10 1.6 1 0 - 5 

2011 32 5.1 3 0 - 29 

2012 42 4.5 3 0 - 18 

2013 54 5.0 4 0 - 19 

2014 63 4.4 3 0 - 15 

2015 100 6.4 6 0 - 19 

2016 98 5.7 4 0 - 28 

2017 105 6.5 5 0 - 21 

2018 104 6.4 4 0 - 26 

2019 11 7.0 5 0 - 20 

Table 3-2 Descriptive statistics for Fit2Fit QLFT practical assessment papers, 2009 – 2019 

Notes: N = 639. 

Data gathered in this study also provided the opportunity to examine the descriptive 

statistics according to ‘accreditation status’, these results are summarised in Table 3-3. 

Of the 639 assessment papers investigated in this study, approximately three quarters 

(74.8%, n = 478) were conducted for non-accredited fit testers, and a quarter (25.2%, n = 

161) were for those already Fit2Fit accredited and returning for a three-yearly re-

assessment. 

 

Accreditation status Recorded error scores 

 
M Mdn Range 

Non-accrediteda 6.4 5 0 - 29 

Fit2Fit accreditedb 3.0 2 0 - 22 

All 5.6 4 0 - 29 

Table 3-3 Descriptive statistics by accreditation status for Fit2Fit QLFT practical 

assessments, 2009 – 2019 

Notes: N = 639. an = 494, bn = 145. 
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The range of error scores recorded in assessments for the group of Fit2Fit accredited fit 

testers (0 - 22) was found to be similar to that for the group of non-accredited fit testers 

(0 - 29).  However, the mean and median error scores for the group of Fit2Fit accredited 

fit testers (M = 3.0, Mdn = 2) was lower than that for the non-accredited group (M = 6.4, 

Mdn = 5) suggesting that Fit2Fit accredited fit testers achieve higher compliance with the 

HSE INDG479 protocol.  A Mann-Whitney test indicated a significant difference in the 

distributions between the two groups (Mann–Whitney U = 22 311.5, n1 + n2 = 639, p < 

0.05 two-tailed). The result is significant at p < 0.05, suggesting that the group of Fit2Fit 

accredited fit testers make fewer errors compared to the group of non-accredited fit 

testers. 

This study was also designed to examine the sources of errors made by fit testers in Fit2Fit 

assessments. Table 3-4 shows the percentage of total errors for each of the Fit2Fit 

sections. The highest number of errors were observed during the sections covering: 

Conduct fit test (27.4%), Recognise wearer related factors prior to carrying out a fit test 

(15.5%), and Conduct sensitivity test (13.4%). 

 

Section Fit2Fit section heading % (n) 

1 Ensure suitability of facilities 1.5 (55) 

2 Preliminary actions prior to performing a qualitative fit test 3.3 (119) 

3 Brief wearer on purpose of fit testing and test exercises 7.0 (252) 

4 Examine the face piece for suitability prior to fit testing 11.2 (402) 

5 Confirms the wearer has presented themselves as required 8.7 (311) 

6 Conduct sensitivity test 13.4 (481) 

7 Recognises wearer related factors prior to a fit test 15.5 (555) 

8 Conduct fit test 24.7 (887) 

9.1 Response if tasted (i.e., a fail) 11.2 (403) 

9.2 Response if nothing tasted (i.e., a Pass) 3.2 (113) 

10 Post Fit Test Procedures 0.2 (6) 

Table 3-4 Frequency of errors by section recorded in Fit2Fit QLFT practical assessment 

papers, 2009 – 2019 

Notes: N = 3584. % (n) = percentage (number) of all errors. 
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Detailed analysis of data for each of the 49 Fit2Fit criteria reveals additional information 

about the sources of errors made by fit testers. Table 3-5 shows the ‘top ten’ errors 

recorded in assessment papers investigated in this study (full results can be found in 

Appendix C). These criteria are ranked in order from highest to lowest prevalence with 

higher scores indicating a higher deviation from the HSE INDG79 protocol. The most 

common errors made by fit testers, each recorded in almost one third of assessment papers 

were: Ensures fit check is performed (32.2%, n = 206), and Demonstrates instruction on 

correct method of donning an RPD including a fit check (31.3%, n = 200). Approximately 

one quarter of all assessment papers indicated that the fit tester made errors in each of the 

criteria: Verify correct function of nebuliser during the test (25.2%, n = 161) and 

Questions the wearer about the use of other PPE (24.4%, n = 156). The least common 

errors recorded by assessment papers investigated in this study were: Clean Hood (0.5%, 

n = 3), Dispose of Solutions (0.3%, n = 2), and Rinse & clean nebulisers (0.2%, n = 1). 

 

Fit2Fit Assessment Criteria % (n) 

Ensures fit check is performed 32.2 (206) 

Demonstrates correct method of donning an RPD including a fit check 31.3 (200) 

Verify correct function of nebuliser during the test 25.2 (161) 

Questions the wearer about the use of other PPE. 24.4 (156) 

Advises wearer to rinse mouth and clean face after sensitivity test 24.3 (155) 

Repeat test sensitivity Test 23.2 (148) 

Verify palette is clear of taste 21.0 (134) 

Explains the purpose of fit testing 20.3 (130) 

Explains the fit test exercises and procedure 19.1 (122) 

Administer solution as per sensitivity level 18.2 (116) 

Table 3-5 Top ten sources of error recorded in Fit2Fit QLFT practical assessment papers, 

2009 – 2019 

Notes: N = 639. % (n) = percentage (number) of assessment papers that recorded an error.  

When Fit2Fit outcome (binary Pass or Fail) was compared with the assessor’s observation 

(binary compliance or deviation) against each of the 49 assessment criteria, the strongest 

relationship was found for Administer top ups during fit test (ϕ = 0.508, p < 0.001). The 

correlation between Fit2Fit outcome and Administer fit test solution as per sensitivity 
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level was also strongly statistically significant (ϕ = 0.474, p < 0.001), as was the 

correlation between Fit2Fit outcome and Verify correct functioning of nebuliser (ϕ = 

0.451, p < 0.001). Whilst this finding indicates that these areas are most strongly 

correlated to Fit2Fit outcome, this may also suggest that these areas are judged most 

critically by the assessor.  

The secondary data used in this study were recorded by nine different Fit2Fit assessors 

over the ten-year period. Table 3-6 shows the recorded error scores by assessor, where 

identifying data have been removed to assure anonymity.  

 

Fit2Fit 

Assessor 
Recorded error scores 

 

 n M Mdn Range % Fail 

1 36 8.1 8 0 - 19 50.0 

2 236 6.2 4.5 0 - 29 26.3 

3 138 8.3 7 0 - 29 44.2 

4 122 3.4 2 0 - 22 23.0 

5 15 5.3 5 0 - 10 26.7 

6 3 7.3 7 3 - 12 66.7 

7 25 1.8 1 0 - 5 4.0 

8 32 2.6 2 0 - 12 21.9 

9 32 2.7 1 0 - 17 25.0 

All 639 5.6 4 0 - 29 30.0 

Table 3-6 Descriptive statistics by Fit2Fit assessor for Fit2Fit QLFT practical assessments, 

2009 – 2019 

Notes: N = 639. % Fail = percentage of assessment papers that recorded a fail overall result. 

Error scores recorded by the nine assessors show considerable variation, with mean error 

values ranging from 1.8 (assessor 7) to 8.3 (assessor 3). Similarly, the number of Fit2Fit 

failures judged by the nine assessors varied widely with a range of 4.0% (assessor 7) to 

66.7% (assessor 6). The large variation for assessors 6 and 7 may be a function of a small 

sampling population since the number of assessments conducted by these assessors was 

low (n = 3, n = 25) compared to the total (N = 639). By contrast, the error scores for 

assessors 2, 3 and 4, who together have conducted 77.6% of all assessments, show more 

consistency (M = 3.4 – 8.3, % Fail = 23.0 – 44.2).  
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3.5 Discussion 

Since the widespread requirement for fit testing under the COSHH Regulations 2002 

there has been a huge uptake of fit testing in the UK workplace. Once the remit of just a 

handful of experts, RPD Fit Testing is now offered by in-house fit testers as well as a 

multitude of external providers. False passes are by far the most significant from the 

perspective of wearer-health and therefore the need for information about the prevalence 

and sources and of human errors in QLFT is of paramount importance. The variety and 

number of errors made in the practical application of QLFT revealed by this study is 

therefore of serious concern. 

The results of the study into the frequency with which errors are made indicates that 

human errors are common and widespread, suggesting that the majority of fit testers do 

not apply the QLFT method strictly in accordance with the HSE INDG479 protocol. Less 

than one fifth of all assessment papers indicated that the fit tester applied the protocol 

wholly correctly (making zero errors), with over four-fifths recording errors against one 

or more of the Fit2Fit assessment criteria, and the worst-performing recording errors in 

29 out of a possible 49 criteria. These results are all the more surprising given that the 

Fit2Fit scheme is voluntary and hence subjects in this study may have come from a 

population that deem themselves ‘good enough’ to apply for examination and value the 

‘best practice’ approach supported by Fit2Fit. This indicates that human errors made in 

the application of QLFT in the wider UK workplace may be far more prevalent than those 

observed in this study. 

It might be expected that the number of errors made during Fit2Fit assessments would 

have decreased over time with greater awareness, availability of training resources and 

improved practical guidance from HSE and Fit2Fit [3]. Analysis of the trend in data over 

the 10-year period in this study do not appear to support this expectation however, and 

instead show a trend towards higher deviation from the HSE protocol with increasing raw 

error scores and range over the period. However, due to the lower number of assessments 

conducted in earlier years, it is difficult to know whether this is a true effect, or a function 

of the lower sampling population. Another factor to consider here is that the fit testers 

presenting for assessment in earlier years are more likely to have been key stakeholders, 

including regulatory bodies, RPD manufacturers and full-time fit test providers. These 
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groups of fit testers could be expected to have a better knowledge of guidance, more 

practical experience, and better preparation, all of which may have contributed to 

improved performance and lower error scores. The true picture of the performance of 

real-world fit testers may therefore be closer to the data found for later years, where the 

scheme had reached those in the wider UK workplace. 

The results show that the individual ability of fit testers varies considerably and those that 

are Fit2Fit accredited appear to make half as many errors, and hence achieve higher 

compliance with the HSE INDG479 protocol than their non-accredited counterparts. 

These results support the Fit2Fit mission statement “to improve the respiratory health of 

those wearing tight fitting Respiratory Protective Equipment through being face fit tested 

by a Fit2Fit Accredited provider” [11]. Although Fit2Fit accredited fit testers appear to 

deviate less from the HSE protocol than non-accredited fit testers, this study was not 

designed to examine the reasons for this apparent difference in performance. Fit2Fit 

accredited fit testers in this study were returning for a 3-year reaccreditation, and therefore 

had the benefit of attending and passing a previous accreditation plus at least 3 years’ 

experience. The post-assessment feedback provided by the assessor and scheme 

administrator provides valuable information which the more diligent candidate may use 

in improving their performance in future assessments, hence demonstrating fewer errors. 

Of the 639 assessment papers analysed in this study, 243 papers were recorded for 

candidates that had returned for a first, second or third re-accreditation or re-attempt. 

Future research using this dataset could be used to reveal trends in error scores and types 

of errors made during repeat assessments. Analysis of these trends alongside information 

about further study could be used to indicate to what extent any improvement in 

competence is achieved following re-training.  

The second important area investigated by this study was an examination of the sources 

of errors which was evaluated through analysis of Fit2Fit sections and individual 

assessment criteria. The overlap in the data relating to Fit2Fit ‘pass’ or ‘fail’ outcomes 

provides evidence to suggest that the source of errors is as, or more, important than the 

number of errors. Analysis shows that the best-performing fit testers in the ‘fail’ group 

made only 2 errors, whereas the worst-performing fit testers in the ‘pass’ group made 22 

errors. One note of caution here: since a pass / fail outcome is awarded on the basis of the 
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assessor’s judgement alone, then there is the potential for assessor bias and further 

analysis including additional assessor data would be required to answer this question. If 

indeed assessors judge some errors to be more critical than others, then the scheme would 

be more robust and would benefit from a clearer set of guidelines for assessors, perhaps 

indicating which criteria are to be judged most critically.  

The secondary data used in this study were recorded by nine different Fit2Fit assessors. 

The variation in error scores recorded by some assessors may be indicative of differences 

in harshness of judgement which could therefore skew the data used in this study. In 

addition, cognitive biases originating from their own skills, experience, perceptions, or 

points of view, may impact an assessor’s subjective view of performance. Such biases are 

difficult to overcome in practice, however a systematic approach to ensure that assessors 

receive regular training, monitoring and joint observation could all help in setting and 

maintaining a consistent standard for Fit2Fit. Since assessors typically operate in different 

geographical locations, this may result in the data for some assessors to be skewed by 

industry / sector type. Further analysis of this secondary dataset could examine and 

compare the prevalence and sources of errors made by fit testers from within specific 

sector types. This information may be useful to regulators in focussing awareness and 

training campaigns. 

It is perhaps not surprising that most errors were found for the section Conduct fit test, 

since this section is the crux of the assessment process, and accounts for 10 of the total 

49 individual assessment criteria. Indeed, of the ten Fit2Fit sections, those which involve 

the set-up, use and application of fit test equipment accounted for more than half of all 

errors recorded during Fit2Fit assessments. This is further emphasised by the data which 

shows that almost a third of assessment papers recorded that the fit tester failed to verify 

the function of the nebuliser at any point during the procedure. Analysis of the individual 

assessment criteria reveal that errors are made across a wide variety of different sections. 

Surprisingly, four of the top ten most common errors relate to the instruction given by the 

fit tester to the wearer in donning / fit checking the mask or explaining the purpose of the 

fit test and exercises. At first sight, these areas may not appear to directly influence the 

ability of the method to determine the fit of a respirator, however the wearer’s 

understanding of the principles of this method is crucial to ensuring an effective fit test. 
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Since this method is subjective and relies wholly upon the wearer’s cooperation and 

honesty in taste detection, their comprehension of the test protocol, correctly reporting 

detection of taste, and function of the test exercises cannot be underestimated and errors 

in these areas may have critical consequences. This is further highlighted by assessor 

comments against some of these criteria that noted “a complete lack of explanation of the 

basic tenet of taste-test QLFT”, and even “told wearer that the aim is NOT to taste the 

solution!”. 

The ability of the fit tester to correctly administer the taste solution, and the wearer to 

correctly report taste are key to the reliability of the QLFT method. The fact that four of 

the most common errors relate to delivery of the taste aerosol and management of the 

wearer’s palate is therefore of concern. The QLFT method relies solely on the wearer’s 

taste response in determining face seal leakage, and errors which affect the wearer’s 

ability to detect the challenge agent have the potential to lead to false pass results and 

may have serious consequences for the wearer’s health. The prevalence of errors relating 

to taste detection supports other researchers’ suggestions for inclusion of a placebo 

control during sensitivity testing and further research is needed in this area [12]. This 

modification may improve the reliability of the test by eliminating unreliable responses 

that may lead to false pass results. In addition, failure to administer the taste aerosol 

correctly has the potential to limit the ability of the fit test to identify face seal leakage, 

allowing a poor fitting respirator to pass the fit test. Assuring proper generation of the 

taste aerosol by verification of nebuliser function is fundamental to ensuring that the 

respirator seal is properly challenged, and this area must be emphasised during fit tester 

training programmes. 

Very few assessment papers recorded errors in the condition, positioning, and post-test 

cleaning of the test hood. The role of the test hood in containing the challenge agent is 

critical, and there have been concerns that the size and design some of the test hoods on 

the market may render them unfit for purpose. A recent report found some hoods to have 

a volume 140% larger than the recommended hood volume and expressed concerns over 

the use of these hoods in terms of test sensitivity [13]. Current Fit2Fit criteria assess the 

suitability of the test hood in terms of overall condition but not absolute volume, and this 

may be a recommendation for future revisions of the assessment criteria.  
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3.6 Conclusion 

These results indicate that a significant proportion of Fit2Fit assessment papers recorded 

errors made by the fit tester in application of the QLFT method. Fit2Fit accredited fit 

testers appear to make fewer errors than non-accredited fit testers, but the results indicate 

no improvement in performance over the ten-year period of this study. The most common 

individual errors made during assessments investigated in this study were in ensuring 

proper donning and fit checking RPD, and improvements in the fit tester’s instruction to 

the wearer are needed in this area. The indication that areas involving the set-up, use and 

application of fit test equipment accounted for more than half of all errors recorded during 

Fit2Fit assessments highlights a potentially serious problem and these areas require 

further investigation to ascertain the impacts of such errors. The purpose of this study was 

to investigate the prevalence and sources of human errors to gain a complete 

understanding of errors in QLFT and ultimately to improve the workplace safety of this 

method. Whilst many of the errors made by fit testers have the potential to undermine the 

test protocol, further research is needed to evaluate the impact on QLFT outcome and 

hence the likelihood of these errors leading to false passes in workplace fit testing 

programmes. 
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4 Human errors in qualitative fit testing: a theoretical study 

of the impact of human errors on fit test outcome 

4.1 Abstract 

It has been observed that real-world fit testers make numerous errors in their application 

of the qualitative fit test method when measured against the criteria used by Fit2Fit, 

however the impact of these errors has not been studied until now. This study assesses 

the theoretical impact of errors on the outcome of a qualitative fit test through evaluation 

against the key principles of the method. Fit2Fit criteria were filtered to reveal a set of 

‘critical errors’ which have the potential to impact one or more of the key method 

principles and hence to produce a false pass fit test outcome. When applied to previous 

observations of real-world fit testers, these results suggest that a significant proportion of 

fit testers make one or more critical errors that could lead to a false pass result and 

incorrect assignment of a poor fitting respirator. 
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4.2 Background 

Fit testing is an essential part of any respiratory protective device (RPD) programme and 

ensures that a specific make, model, and size of tight-fitting RPD facepiece is suitable in 

providing an adequate facial fit to an individual wearer. Tight-fitting RPD including those 

incorporating disposable, half and full facepieces are used by millions of workers in the 

UK in a wide variety of business sectors from healthcare to building and construction. 

Due to the low cost of equipment and perceived simplicity of use, the qualitative fit test 

(QLFT) method is the most commonly used method for fit testing of disposable and 

reusable half facepieces, often by those with little or no experience [1]. Fit testing 

guidance, manufacturers’ instructions, national and international standards provide 

detailed advice on proper application of the QLFT method and caution that any deviation 

from the required protocol may invalidate fit test results [2][3][4]. Data published by the 

British Safety Industry Federation (BSIF) in October 2021 revealed that 30% of 

applicants to the Fit Test Providers ‘Fit2Fit’ Accreditation Scheme (Fit2Fit scheme) 

failed to meet the standard required to pass the QLFT practical assessment [5]. This 

highlights potential problems with application of the QLFT method when measured 

against the Fit2Fit criteria which derive from the guidance set out by the Health and Safety 

Executive (HSE) in guidance document INDG479 [6][7]. 

A previous study has highlighted the extent to which real-world fit testers make errors 

when measured against these criteria, but that study was not designed to provide 

information about the potential impacts of these errors upon fit test outcome [8]. Errors 

which affect the outcome of a fit test by producing a false pass result may allow a poor 

fitting facepiece to be assigned to a wearer erroneously, potentially leading to increased 

exposure to hazardous substances in the workplace [9]. The probability that the QLFT 

method will return a false pass fit test result has been extensively investigated in 

laboratory studies and is reported by researchers as the ‘Beta error’ [10]. Human errors in 

workplace QLFT have the potential to increase the Beta error beyond that observed in 

laboratory studies, and work is needed in this area to better understand their possible 

impact. This paper is the first to assess the theoretical impact of human errors on 

qualitative fit test outcome and aims to inform a better understanding of human errors in 

QLFT to improve the safety of this method. A theoretical analysis is crucial to 

understanding the underlying principles of the method, how human errors can undermine 
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these principles and what, if any, is the theoretical impact on fit test outcome. This 

research will inform areas of investigation for subsequent studies into the practical 

impacts of errors, providing a focus for targeted research. It is critical that human errors 

in the QLFT method are eliminated to assure safe application of this procedure in the UK 

workplace and hence to protect wearers’ health. 
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4.3 Method 

4.3.1 Selection of evaluation criteria 

With a continuous programme of improvement towards ‘gold standard’ best practice, 

current fit testing guidance has developed far beyond the basic tenets of the original QLFT 

protocol which was proposed by the Minnesota Mining and Manufacturing Company, 

and later validated for use as a real-world method [11][12][13]. The gradual broadening 

of the fit tester’s role has been encouraged by HSE, Fit2Fit and others in an attempt to 

address some of the many issues surrounding incorrect use, maintenance, and application 

of RPD in the workplace, along with wearer-related factors such as facial hair 

[14][15][16]. As such, current guidance now places many additional expectations on fit 

testers which sit beyond the principles of the original validated QLFT method [6]. 

Whilst some human errors in QLFT may be deemed important from the standpoint of an 

effective RPD programme, they may not have any real impact upon the outcome of a fit 

test. A theoretical evaluation of the impacts of errors should therefore begin by addressing 

whether, and how, errors may affect the key principles of the method - those upon which 

the sensitivity of the method depends. 

The original QLFT protocol set out three key principles which were judged to be essential 

to the ability of the method to detect a poor fitting facepiece: 

1) a sensitivity check to assure that the respirator wearer is able to taste a low 

level of challenge agent should a leakage occur, 

2) procedures to assure that the aerosol is generated in a consistent and 

controlled manner, and 

3) steps to assure that the test atmosphere is contained around the respirator and 

is controlled [11].  

The first key principle concerns the wearer’s ability to correctly identify and detect the 

taste of a challenge agent - a factor critical to the sensitivity of the method. Human errors 

that have a theoretical impact on the first key principle are termed ‘subjectivity errors’ in 

this study. These types of human errors have the potential to compromise the human taste 
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response; an element which essential to the ability of the wearer to detect face seal 

leakage. 

The second and third key principles concern the proper use of QLFT equipment to assure 

the correct generation and control of a suitable aerosol concentration used to challenge a 

facepiece. These key principles require the appropriate use and application of equipment 

including handheld nebulisers, a test hood and two solutions. Errors made against these 

two principles (in this study termed ‘equipment errors’) have the potential to limit the in-

hood challenge aerosol concentration, a factor critical to the ability of the method to 

properly identify poor fitting respirators.  

In theoretical terms, any human error made in workplace fit testing which reduces the 

efficacy of one or more of these three key principles has the potential to decrease the Test 

Sensitivity (ability of the method to correctly identify poor fitting facepieces) and increase 

the Beta error (defined as ‘1 – Test Sensitivity’) [17]. 

 

4.3.2 Theoretical assessment of impact 

A theoretical assessment of real-world errors was conducted by evaluating the potential 

impact of an error on any, or all, of the three key method principles. Using the assessment 

criteria set out by Fit2Fit, a set of real-world errors was theorised, and the potential 

impacts were analysed and evaluated against the key method principles. The data used in 

this chapter comprise a series of ‘judgements’ made by the author which were based on 

extensive experience, referenced to current guidance, and subjected to peer-review by 

Fit2Fit and academic colleagues. Equitable judgement was applied to every sample of the 

data, allowing equal confidence to be ascribed to the dataset as a whole. 

Fit2Fit assessment criteria provide the most exhaustive available list of a fit tester’s tasks 

and can be clearly and traceably referenced to HSE guidance and QLFT protocols [8]. 

Taking each Fit2Fit criterion descriptor in turn, a ‘human error’ was theorised as the null 

response to the descriptor through reference to the guidance provided in manufacturers’ 

user instructions, British Standard BS ISO 16975-3, HSE guidance document INDG479, 

Fit2Fit Companion documents and personal practical experience [3][4][2][7].   
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One or more ‘worst-case’ error scenarios were identified for each of the theorised human 

errors and the outcome of each was hypothesised. The impact of each error scenarios was 

then judged against the key method principles set out in section 4.3.1. Figure 4-1 shows 

an example of this judgement process for Fit2Fit criterion 8d Administer fit test solution 

as per sensitivity level. Full results for all Fit2Fit criteria are shown in Appendix D. 

 

Figure 4-1 Process for theorising and judging the impact of human errors in QLFT for 

Fit2Fit criterion 8d 

The theorised set of error scenarios aimed to include possible human errors in all parts of 

the QLFT procedure and encompass errors which derive both from a lack of knowledge 

/ understanding or accidental misapplication. The resulting list of error scenarios was 

peer-reviewed by Fit2Fit and academic colleagues to ensure that as many scenarios were 

included as possible.   
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User instructions were accessed through authenticated manufacturer’s websites to ensure 

the most up to date version was available for study [3]. The British Standard was accessed 

via the British Standards Institution rather than through the International Organization for 

Standards (ISO) website so as to include any National Foreword pertaining to local or 

national guidance [4]. Fit testing guidance documents and companion guides were 

accessed through the HSE and Fit2Fit websites [2][7]. 

Many of the Fit2Fit assessment criteria were found to relate to a single specific task, e.g., 

criterion 6a: Position hood correctly, whereby an error could be clearly theorised as the 

single human error scenario, Hood positioned incorrectly. Other assessment criteria were 

found to be more complex and to encompass a number of different error scenarios, e.g., 

criterion 8d: Administer solution as per sensitivity test, where two possible error scenarios 

included Solution under-administered and Solution over-administered, each having a 

different potential impact on in-hood challenge aerosol concentration. Logical reasoning, 

practical experience and peer-review were used to assess whether each of the identified 

error scenarios could have a theoretical impact on one or more of the key principles. The 

term ‘impact’ is defined for the purposes of this study as: a factor which has the potential 

to contravene one of the key principles of the QLFT method such that a false pass fit test 

result may be assigned. 

Outcomes of the theoretical assessment were used to compile a list of error scenarios 

against each of the Fit2Fit criteria and key method principles. Where duplicate scenarios 

were found against more than one Fit2Fit criteria, these were removed to leave a unique 

list of errors, which were termed ‘critical errors’. For the purposes of this study a critical 

error is defined as: an error which has the potential to adversely affect one or more of the 

key method principles. Results of this evaluation were applied to the findings of a 

previous study of real-world fit testers to provide an indication of the theoretical impact 

of the errors previously observed [8]. 
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4.4 Results 

The theoretical assessment process identified a total of sixty-six error scenarios against 

the set of Fit2Fit criteria. Full results of this process are detailed in Appendix D which 

provides references to sources, reasoning, key principle affected (or none) and impact. 

The proportion of error scenarios found against each key principle (or none) is shown in 

Figure 4-2. 

 

Figure 4-2 Distribution of error scenarios for QLFT key principles 1), 2), 3) or none 

Notes: N = 66. Key principles: 1) a sensitivity check to assure that the respirator wearer is able to 

taste a low level of challenge agent should a leakage occur, 2) procedures to assure that the aerosol 

is generated in a consistent and controlled manner, 3) steps to assure that the test atmosphere is 

contained around the respirator and is controlled. 

These data indicate that over half (56.1%, n = 37) of all error scenarios were judged to 

have no theoretical impact upon any of the three key principles. This indicates the extent 

to which the Fit2Fit scheme has developed beyond the original protocol to include 

peripheral tasks which are assigned to the fit tester’s role. Just under half (43.9%, n = 29) 

of the error scenarios were judged to have a theoretical impact on one or more of the three 

key principles. Of these, the data suggest that 13.6% (n = 9) were ‘subjectivity errors’, 

having the potential to impact key principle 1). A further 27.3% (n = 18) were judged to 

have the potential to impact key principle 2), and 3.0% (n = 2) have the potential to impact 

Subjectivity mistakes. 

Impact on key principle 1

14%

Equipment mistakes. 

Impact on key principle 2

27%

Equipment mistakes. 

Impact on key principle 3

3%

No impact on key 

principles

56%
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key principle 3). These data therefore indicate that just under a third (30.3%, n = 20) of 

all error scenarios identified were ‘equipment errors’ (those which have the potential to 

impact key principles 2 and 3). 

Several Fit2Fit criteria were identified as being susceptible to numerous different critical 

errors, suggesting that these criteria are highly vulnerable to error. Table 4-1 provides a 

summary of these criteria, all of which relate to key principle 2). 

 

Fit2Fit 

ref. 

Fit2Fit practical 

assessment criteria 
Critical error 

Key 

principle  

2b 

Fills the nebulisers with the 

correct solutions and checks 

volume 

Fit test nebuliser filled with sensitivity solution 2 

Fit test nebuliser under-filled 2 

2c 
Checking nebuliser 

functioning 

Fit test nebuliser clogged 2 

Fit test nebuliser bottom bung not removed 2 

Fit test nebuliser Venturi mis-seated 2 

8g 

Monitors wearer and 

equipment through test to 

ensure correct protocol HSE 

INDG479 

Fit test nebuliser clogged 2 

Fit test nebuliser bottom bung not removed 2 

Fit test nebuliser Venturi mis-seated 2 

8i 
Administer top-ups correctly 

throughout test. 

Fit test solution under-administered 2 

Fit test nebuliser not upright 2 

8j 
Verify correct function of 

nebuliser during the test 

Fit test nebuliser clogged 2 

Fit test nebuliser bottom bung not removed 2 

Fit test nebuliser Venturi mis-seated 2 

Fit test nebuliser not actuated with full squeezes 2 

Table 4-1 Fit2Fit criteria with two or more theorised critical error scenarios 

Notes: Fit2Fit ref. = criteria used during a Fit2Fit practical assessment. Critical error is an error 

which has the potential to adversely affect one or more of the key method principles. Key principle 

2: procedures to assure that the aerosol is generated in a consistent and controlled manner. 

The method of theorising error scenarios described in Figure 4-1 produced several 

identical error scenarios for different Fit2Fit criteria (see Appendix D). For example, Fit 

test nebuliser clogged, was identified as a possible error scenario against four separate 

Fit2Fit criteria (2c, 8g, 8j and 10c). In practical terms however, Fit test nebuliser clogged 
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represents a single error type, and therefore once the process of theorising error all 

scenarios was complete, duplicates were removed. This process identified a total of 

eighteen unique ‘critical errors’: seven subjectivity errors (affecting key principle 1) and 

eleven equipment errors (affecting key principles 2 or 3). A summary of the critical errors 

identified by key method principle is shown in Table 4-2. 

 

Critical error Key principle affected 

Subjectivity errors  

Room poorly ventilated 1 

Wearer has smoked, eaten, or drunk before test 1 

Wearer not advised to rinse mouth / clean face 1 

Clear palate not verified 1 

Wearer not instructed to breathe through mouth 1 

Sensitivity test not repeated 1 

Hood not cleaned 1 

Equipment errors   

Fit test nebuliser filled with sensitivity solution 2 

Fit test nebuliser under-filled 2 

Fit test nebuliser clogged 2 

Fit test nebuliser bottom bung not removed 2 

Fit test nebuliser Venturi mis-seated 2 

Fit test solution under-administered 2 

Fit test timing incorrect 2 

Fit test nebuliser not upright 2 

Fit test nebuliser not actuated with full squeezes 2 

Hood damaged / unsuitable 3 

Hood positioned incorrectly 3 

Table 4-2 Critical errors identified against the key principles of the QLFT method 

Notes: Appendix D provides full results. Critical error is an error which has the potential to 

adversely affect one or more of the key method principles. Key principles: 1) a sensitivity check 

to assure that the respirator wearer is able to taste a low level of challenge agent should a leakage 

occur, 2) procedures to assure that the aerosol is generated in a consistent and controlled manner, 

3) steps to assure that the test atmosphere is contained around the respirator and is controlled. 
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A deeper examination of the subjectivity errors suggests two distinct categories: errors 

that may affect the wearer’s taste prior to the sensitivity test (two scenarios), and errors 

that may affect the wearer’s taste prior to or during the fit test (five scenarios). A similar 

examination of equipment errors reveals that these relate either to set up of the equipment 

(five scenarios), or to application of the equipment during the fit test (six scenarios). 

When applied to the outcomes of the real-world previous study, results suggest that 39% 

(n = 1400) of the errors made by fit testers during Fit2Fit QLFT practical assessments 

during the period 2009 - 2019 could be considered to be ‘critical errors’ [8]. These data 

are shown in Table 4-3, and further details with references to the results of the previous 

study can be found in Appendix E. 

 

Key principle % (n) of observed errors 

1 19.9 (715) 

2 17.7 (636) 

3 1.4 (49) 

Total 39 (1,400) 

Table 4-3 Critical errors applied to total errors made by real-world fit testers during Fit2Fit 

QLFT practical assessments [8] 

Notes: N = 3584. % (n) = percentage (number) of all errors observed during Fit2Fit QLFT 

practical assessments, 2009 – 2019 [8]. Critical error is an error which has the potential to 

adversely affect one or more of the key method principles. Key principles: 1) a sensitivity check 

to assure that the respirator wearer is able to taste a low level of challenge agent should a leakage 

occur, 2) procedures to assure that the aerosol is generated in a consistent and controlled manner, 

3) steps to assure that the test atmosphere is contained around the respirator and is controlled. 

When critical errors were analysed at individual fit test level, the results suggest that 

71.5% (n = 457) of fit tests observed during Fit2Fit QLFT practical assessments 2009 – 

2019 included one or more critical errors [8]. These results are shown in Table 4-4 and 

further details of this analysis are provided in Appendix E. 
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Key principle % (n) of fit tests observed 

1 55.6 (355) 

2 49.5 (316) 

3 6.9 (44) 

All 71.5 (457) 

Table 4-4 Critical errors applied to fit tests observed during Fit2Fit QLFT practical 

assessments 

Notes: N = 639. % (n) = percentage (number) of all fit tests observed during Fit2Fit practical 

assessments, 2009 – 2019. Critical error is an error which has the potential to adversely affect one 

or more of the key method principles. Key principles: 1) a sensitivity check to assure that the 

respirator wearer is able to taste a low level of challenge agent should a leakage occur, 2) 

procedures to assure that the aerosol is generated in a consistent and controlled manner, 3) steps 

to assure that the test atmosphere is contained around the respirator and is controlled. 

The data suggest that almost one half (49.5%, n = 316) of all fit tests observed included 

critical errors made against key principle 2) regarding proper use of the nebulisers and 

solutions in correct generation of the test aerosol. The data further indicates that over one 

half (55.6%, n = 355) of all fit tests observed in this study were found to include critical 

errors against key principle 1) affecting the wearer’s taste detection. 
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4.5 Discussion 

A previous study has highlighted the extent to which fit testers make errors in applying 

the QLFT protocol under Fit2Fit assessment conditions, but the potential impact of these 

errors has not been studied until now [8]. False pass fit test results should be of real 

concern to fit testers, regulatory bodies, and equipment manufacturers. More crucially, 

these unsafe outcomes should be of concern to RPD wearers whose health or life may 

depend upon the protection afforded by a tight-fitting facepiece. The results of this study 

reveal a list of critical errors that have the theoretical potential to produce a false pass 

result in QLFT. When applied to the previous study, these data suggest that critical errors 

may have been made in over 70% of fit tests observed during Fit2Fit QLFT practical 

assessments for the period 2009 - 2019. This provides a worrying insight into the 

application of the QLFT method by real-world fit testers and poses some questions to the 

Fit2Fit scheme about the use of assessment criteria in the identification or poor practice 

and the prevention of false pass results. 

Factors which affect the wearer’s ability to properly detect taste (key principle 1) must be 

treated with the utmost importance if a reliable fit test outcome is to be assured since 

detection of the challenge agent is used as a proxy for face seal leakage. The impacts of 

these ‘subjectivity errors’ are likely to be broad and wearer-specific due to the well-

reported and widely varied human taste-response mechanism [18]. Issues with human 

taste detection were discussed in a previous literature review which revealed gaps in 

research into errors in QLFT including the highly subjective nature of the method [19]. 

That review highlighted concerns about the possibility of masking or mischaracterisation 

of taste and concluded that further research is crucial to a better understanding of taste 

factors in QLFT. Although beyond the scope of this study, further research and 

collaboration between fit testing researchers and medical experts would be welcome in 

addressing this complex issue. It is clear that both the fit tester and the wearer have a role 

to play in following the guidance provided by HSE and manufacturers, and also in 

understanding the importance of taste detection in the QLFT method. Any measures 

which aim to mitigate the potential impacts of errors involving the wearer’s taste response 

must therefore address both practical measures and training needs. 
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Perhaps of greatest concern are the results which reveal the extent to which ‘equipment 

errors’ appear throughout the entirety of the test procedure including set up, sensitivity 

testing, fit testing and cleaning. This indicates that the use and application of QLFT 

equipment is highly susceptible to human error. The error scenarios Fit test nebuliser 

clogged, Fit test nebuliser bottom bung not removed and Fit test nebuliser Venturi mis-

seated were the most prevalent and appeared across three different Fit2Fit criteria. This 

suggests that these areas are highly impactable by human errors, i.e., one error kind could 

manifest itself in several mechanisms that lead to false pass fit test outcomes. Although 

QLFT equipment manufacturers provide detailed instruction on proper use of QLFT 

equipment, limited attention is paid to potential problems and troubleshooting in the 

guides available. The presence of clear warnings about the potential effects of misuse 

would perhaps focus the fit tester’s attention and reduce human errors. The ISO 16975-3 

Standard provides an equipment specification based upon design and performance 

characteristics but sets no requirement for supporting materials such as user instructions. 

Currently there is no requirement in the UK to register QLFT kits to ensure they contain 

a proper set of equipment and instructions, and neither is there a requirement to register 

individual components as being ‘fit for purpose’. A formal specification and registration 

process for both QLFT equipment and supporting materials would close a gap in these 

resources which currently appear insufficient in preventing or reducing human errors 

Five of the Fit2Fit criteria were found to be susceptible to multiple critical errors, and all 

of these were associated with incorrect use of the fit test nebuliser. This suggests that 

proper completion of these five criteria should be regarded as vital in awarding a pass 

during Fit2Fit practical assessments. This also indicates that use of the fit test nebuliser 

is highly vulnerable to human error and therefore is a skill that must be learned and 

applied meticulously. This further suggests that these criteria are open to compound errors 

which could have an even greater impact on fit test outcome than errors made 

individually.  

One interesting observation from this investigation is the feature that over half of the 

Fit2Fit criteria were judged not to have the potential to lead to a false negative outcome. 

There are two indications that arise from this observation: firstly, the increasing breadth 

of the Fit2Fit syllabus, and secondly the possibility of false positive (false fail) outcomes. 
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It has been discussed previously that ongoing evolution of the Fit2Fit syllabus has given 

rise to an increase in the number of tasks a fit tester must complete beyond that of simply 

‘conducting a fit test’. The previous study found four different versions of the Fit2Fit 

practical assessment paper over the course of the ten-year sample. A re-examination of 

these versions shows an increase in the number of assessment criteria of over 20% during 

the period which is indicative of the creep towards increasing the complexity of fit testers’ 

tasks. Although it may be viewed as helpful from a health and safety programme 

standpoint, broadening the fit tester’s role may be counterproductive overall. The burden 

on fit testers should not be increased such that their primary function is lost; distraction, 

time pressures and added tasks may all increase the likelihood of errors being made. The 

second potentially more concerning outcome from this part of the data is the theoretical 

possibility of false fail (false positive) outcomes. Of the sixty-six error scenarios 

identified, eleven were judged to affect the fit testing procedure so as to be a potential 

source of a false fail result, these are indicated by an asterisk (N*) in Annex 4.1. False 

fail results occur in QLFT when a wearer with a well-fitting facepiece (fit factor ≥ 100 

for half mask RPD by quantitative fit testing) indicates detection of the challenge agent 

during the fit test and hence fails the fit test falsely. The consequences of false fail 

outcomes are largely considered to be wasteful of time, effort, and resources, but 

nonetheless benign. This general perception may be misleading however, and the 

ramifications of false fails may in fact be more serious than lost time or earnings. Each 

time a false failure occurs, the wearer must undertake a new fit test, and each time a new 

fit test is conducted there is another opportunity for a false pass to occur. The compound 

effect of a series of failed and repeated tests was highlighted by Coffey et al (2006) who 

concluded that ‘retesting may cause a poorly fitting respirator to be erroneously assigned 

to a wearer because most programs so not disqualify a person from wearing a respirator 

after failing a fit test the first time.’ [10]. 

Theoretical studies such as this are inherently limited in their nature, and caution should 

be exercised when considering the practical implications. This study is limited in scope 

to a theoretical impact of errors on fit testing outcome; the range and severity of errors 

made by fit testers in the real-world is likely to be far more varied. In addition, some 

errors may be habitual (for example as a result of poor learning), whilst others may be 

intermittent (for example due to distraction or time pressure). When observing fit testers 
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in real-world studies, the ‘Hawthorne effect’ may cause subjects to alter their behaviour 

due to their awareness of being observed. This effect may result in an improvement in 

observed action or behaviour, especially during Fit2Fit assessments. It is important 

therefore to recognise that this study has theorised the impact of ‘worst-case scenarios’ 

which may over-estimate those observed in the real-world. Nonetheless, this study has 

revealed those areas which have the theoretical potential to lead to a false pass result, and 

these areas should be viewed as critical when applying the method in the workplace.  

Further research to investigate the practical impacts of the critical errors theorised in this 

study is important to gain an understanding of the impact of human errors on QLFT 

outcome in real-world settings. Laboratory studies which track in-hood aerosol 

concentration would be useful in understanding to what extent aerosol generation and 

containment may be affected by human errors. In addition, qualitative and quantitative fit 

test studies using volunteer wearers would provide an indication of the impact of human 

errors on their ability to detect face seal leakage. Although a significant undertaking, 

studies which assess the real-world impact of human errors on the level of protection 

provided in the workplace would ultimately bring the investigation full circle. Such 

studies could be conducted through a case-study approach, where an in-house programme 

of QLFT is observed against the criteria set by Fit2Fit, and then facial fit is immediately 

‘checked’ using a QNFT method to assess the impact of any errors observed. 
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4.6 Conclusion 

This study has proposed a list of critical errors which have the theoretical potential to 

impact one or more of the three key principles of the QLFT method and lead to a false 

pass result. Comparison with a previous real-world study suggest that over 39% of the 

errors observed amongst real-world fit testers during Fit2Fit QLFT practical assessments 

may have been critical errors, and these were recorded in over 70% of the fit tests 

observed. This theoretical assessment revealed that errors relating to the use and 

application of QLFT equipment were the most numerous and widespread throughout the 

fit testing procedure. Whilst this research identifies the critical errors which have the 

theoretical potential to adversely affect fit testing outcome, empirical studies are needed 

to evaluate whether these can indeed translate to practical impacts which affect the 

outcome of a fit test. 
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5 Human errors in qualitative fit testing: a practical study of 

the impact of human errors on fit test outcome 

5.1 Abstract 

This study assesses the practical impact of errors made in the use and application of 

qualitative fit test equipment on fit test outcome. Practical impact is studied through the 

effect of errors on in-hood aerosol concentration and shortened qualitative fit tests in the 

presence of a known leak. Results indicate that many of the errors involving incorrect use 

and application fit test nebulisers, solutions and hood have the potential to have a practical 

impact on fit test outcome, possibly leading to false pass results. This study indicates that 

the error scenarios Fit test nebuliser filled with sensitivity solution, Fit test nebuliser 

clogged and Fit test nebuliser not upright and under-filled have the highest impact on 

outcome and must be eliminated if this fit test method is to be more reliable. Findings 

from an earlier study are combined to provide an estimate of the workplace Beta error of 

the QLFT method of 0.43. The value of the widely used ‘reveal test’ is questioned in the 

light of this study which appears to show that, rather than mitigating errors, it could 

contribute to false pass outcomes. 
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5.2 Background 

The rapid increase in the use of class 3 filtering facepiece (FFP3) respirators by healthcare 

workers during the recent SARS-CoV-2 pandemic caused a surge in demand for fit testers 

and fit test equipment that far outstripped supply in every part of the nation. Despite 

national and global supply issues, the Health and Safety Executive (HSE) maintained the 

requirement for fit testing of all tight-fitting respiratory protective device (RPD) 

facepieces including filtering facepieces, reusable half masks and full-face masks [1]. 

Pressures on resources raised concerns about a lack of competency and poor practice 

within the industry, with anecdotal evidence from the fit testing community about the 

emergence of ‘pop-up’ fit testers with little or no experience or expertise. If a tight-fitting 

facepiece is to afford the correct protection to the wearer in the workplace, it is vital that 

it is demonstrated to be capable of providing an adequate facial seal to the wearer. Given 

the importance of properly fitted RPD, it would therefore be reasonable for wearers to 

expect that a fit test should be carried out correctly, and that the outcome of the fit test 

can be trusted. 

HSE guidance document INDG479 provides detailed guidance for fit testers, including 

the test protocol and pass / fail criteria [2]. Unlike quantitative fit tests (QNFT) which 

provide a numerical fit factor result, qualitative fit tests (QLFT) offer only a simple pass 

or fail outcome. An incorrect QLFT outcome can therefore fall into two categories: false 

negatives (false passes), and false positives (false fails). The most serious of these errors 

are false passes which occur when a wearer with a poor fitting facepiece passes a fit test. 

The consequences of false pass results are potentially health critical as they may allow an 

unsuitable facepiece to be used in the workplace. Eradication or reduction of errors which 

may lead to false passes in QLFT is therefore of the utmost importance. 

A study which used assessment papers collected by the British Safety Industry Federation 

(BSIF) Fit Test Providers ‘Fit2Fit’ Accreditation Scheme (Fit2Fit scheme), provided the 

first observation-based record of the human errors in QLFT, and indicated widespread 

poor application of the method [3]. A further study into the theoretical impacts of human 

errors, identified eighteen different ‘critical errors’ that were judged to have the potential 

to impact one or more of the key method principles and hence potentially lead to a false 

pass [4]. When combined with results from the earlier observational study, the findings 
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suggested that over a third of the errors made by fit testers during QLFT Fit2Fit practical 

assessments for the period 2009 – 2019 may have been critical errors, potentially leading 

to false pass outcomes [4]. 

Whilst a theoretical study has indicated the potential for critical errors to impact upon fit 

test outcome, the practical impacts of these errors have not been studied to date. Empirical 

studies are therefore required to assess whether critical errors can lead to false pass results 

in practice and lead to an increase in the Beta error beyond that observed in laboratory 

studies. The theoretical study postulated that human errors could be considered as two 

groups: 

1. Subjectivity errors (impact the wearer’s ability to detect the challenge agent) 

2. Equipment errors (impact the proper use or application of QLFT equipment) 

The purpose of this study is to examine the practical impact of human errors which relate 

to the second of these two groups: equipment errors. Equipment errors are of particular 

interest when considering false passes in qualitative fit testing. Indications from earlier 

studies suggests that these types of human errors are most numerous and widespread 

throughout each part of the fit test procedure and are directly influenced by the skills of 

the fit tester, thus making them highly vulnerable to human error. Errors resulting from 

poor set-up or use of QLFT equipment theoretically can impact the generation and 

containment of a consistent and controlled concentration of challenge aerosol – factors 

that are critical in the ability of the QLFT method to detect a leak [5]. Since the potential 

therefore exists for these errors to affect fit test outcome, a proper understanding of their 

practical impact is crucial in ensuring workplace safety of this method. 

This study investigates the practical impacts of equipment errors through the staging and 

testing of a ‘control’ and various ‘error scenarios’. Aerosol mass concentration 

measurements are used to assess the impact of error scenarios on in-hood challenge 

aerosol concentration, and shortened fit tests are used to assess the impact on fit test 

outcome for wearers using facepieces with a known leak. Results from these two studies 

are synthesised to inform an overall discussion of the practical impact of equipment errors 

on QLFT outcome and an estimate of the workplace Beta error for the QLFT method is 

calculated.  
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5.3 Method 

5.3.1 Set up of control and error scenarios 

The practical impacts of the equipment errors theorised by an earlier study were assessed 

through the managed set up and testing of a series of ‘error scenarios’ against a ‘control 

scenario’ [4]. The control scenario was set up according to conditions detailed in the HSE 

INDG479 protocol [2]. The conditions used for each of the error scenarios were 

standardised to minimise variability and allow comparison with the control. All tests were 

conducted by a single Fit2Fit accredited fit tester in order to minimise operator-to-

operator variation. Table 5-1 provides a list of the equipment errors identified by an earlier 

study along with the conditions used for the error and control scenarios. A diagram of a 

BS ISO 16975-3 nebuliser is shown in Appendix F to provide common nomenclature. 

 

Equipment error [4] Control scenario conditions Error scenario conditions 

Fit test nebuliser filled with 

sensitivity solution 

Fit test nebuliser filled with fit 

test solution 

Fit test nebuliser filled with 

sensitivity solution 

Fit test nebuliser under-filled Fill volume 5ml Fill volume 2.5ml 

Fit test nebuliser clogged No clogging Partial blockage of Venturi 

Fit test nebuliser bottom bung 

not removed 

Bottom bung removed Bottom bung not removed 

Fit test nebuliser Venturi mis-

seated 

Venturi fully seated Venturi seated 3mm high 

Fit test solution under-

administered 

5 squeezes every 30 seconds 2, then 3 squeezes every 30 seconds 

Fit test timing incorrect 5 squeezes every 30 seconds 5 squeezes every 45 seconds 

Fit test nebuliser not upright Nebuliser held upright Nebuliser held at 45o 

Fit test nebuliser not actuated 

with full squeezes 

Squeezes applied using whole 

hand 

Squeezes applied using only thumb 

and forefinger 

Hood damaged / unsuitable Hood as per specification in 

BS ISO 16975-3 

Hood volume 30% larger than BS 

ISO 16975-3 specification 

Hood positioned incorrectly Application hole positioned 

centre 

Application hole positioned by right 

ear 

Table 5-1 Conditions for control and error scenarios for assessment of practical impact of 

equipment errors in QLFT 
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Selection of the conditions for set up of the various error scenarios was made in two ways. 

Firstly, where binary choices of control / error scenarios were available, these were used, 

e.g., Fit test nebuliser bottom bung not removed, was the direct opposite of the control 

scenario which required removal of the bottom bung in line with HSE INDG479. 

Secondly, where binary choices were not available, selection of error scenario conditions 

was made with reference to manufacturer’s instructions, HSE guidance and observations 

recorded by Fit2Fit assessors. The error scenario Fit test nebuliser under-filled was set 

up using 2.5ml of fit test solution instead of the control volume of 5ml (measured using 

a pipette). A 2.5ml volume was selected since numerous manufacturers’ instructions refer 

to use of a single ‘ampoule’ of commercially available fit test solution, supplied in 2.5ml 

quantities. The error scenario Fit test nebuliser not upright was set up using a clinometer 

to position the nebuliser at 45° to the vertical, instead of the control position of upright. 

This scenario was tested using both the control volume of 5ml and the reduced ‘error’ 

volume of 2.5ml. This additional test, Fit test nebuliser not upright and under-filled, was 

included to determine the compound effect of errors made in both of these areas due to 

concerns highlighted by HSE guidance during the SARS-CoV-2 pandemic [6]. 

 

Figure 5-1 Set up of control and error scenarios for nebuliser function tests 

Notes: (Right) control scenario: bottom bung removed, (Centre) error scenario: bottom bung not 

removed, (Left top): control scenario: Venturi correctly seated, (Left bottom): error scenario 

Venturi seated 3mm high. 
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One manufacturer’s supplement recently provided warning information about the need to 

properly seat the Venturi inside the nebuliser [7]. The error scenario Fit test nebuliser 

Venturi mis-seated was therefore set up by assembling the Venturi at 3mm above the 

nebuliser base, facing towards the nebuliser outlet, rather than the control scenario which 

was fully seated (Figure 5-1). HSE Covid guidance for fit testers requires the nebulisers 

to be fully cleaned by submersion in disinfecting solution after every fit test, and therefore 

it was not possible to create ‘clogging’ of the nebuliser through crystallisation which 

could be used repeatedly. The error scenario Fit test nebuliser clogged was instead 

simulated by introducing a partial blockage using a water-resistant silicone sealant. 

The control scenario was conducted in accordance with the timings and applications of 

the HSE INDG479 protocol which requires 5 squeezes every 30 seconds for the lowest 

sensitivity banding. Conditions for the error scenario Fit test timing incorrect increased 

this time interval to 45 seconds, and the error scenario Fit test solution under-

administered decreased the number of squeezes by a half to an alternating 2 / 3 squeezes 

(Appendix J). Fit test nebuliser not actuated with full squeezes was studied using partial 

squeezes of the nebuliser using just the thumb and forefinger, instead of the full hand. A 

study by the Health and Safety Laboratory suggested that some test hoods were larger 

than that specified in BS ISO 16975-3 and raised concerns that this may lead to unreliable 

fit test results [8]. In addition, some test hood models are supplied without a collar and 

require ‘shaping’ by the fit tester prior to use. For this study, a range of test hoods was 

acquired and the ‘shaped’ and ‘unshaped’ (where applicable) volume of each was 

measured using external dimensions. The largest was found to have an unshaped volume 

that was 130% larger than the standard hood (a figure in line with that of previous 

research) and was used for the error scenario Hood damaged / unsuitable. Finally, the 

error scenario Hood positioned incorrectly was set up with the collar turned against the 

test hood such that the hole through which the nebuliser should be applied sat near the ear 

position, rather than centrally. 

Alpha Solway 2530V FFP3 filtering facepiece respirators were used for all studies, and a 

new facepiece was checked and used for each test. QLFT equipment comprised a new 

3M FT30 Bitrex (denatonium benzoate) qualitative fit test kit which was used for all 

control and error scenarios [9].  The kit included sensitivity solution (13.5 mg Bitrex in 
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100 ml of a 5 % sodium chloride solution by weight in distilled water), and fit test solution 

(337.5 mg of Bitrex in 200 ml of a 5 % sodium chloride solution by weight in distilled 

water) [10]. The frequency and depth of actuation of the nebuliser was standardised 

between tests, and application was always directed towards the centre of the facepiece to 

avoid spraying directly in the path of any sample lines. A digital stopwatch was used to 

monitor test timings and all equipment was stored in accordance with manufacturer’s 

instructions. 

 

 

5.3.2 Aerosol mass concentration studies 

A series of aerosol mass concentration tests were conducted to provide data about the 

impact of each of the error scenarios on the in-hood challenge aerosol concentration 

versus the control scenario. These tests were conducted using a mannequin connected to 

a pump working at 10 litres per minute. The pump was used instead of a human wearer 

to increase the reproducibility of the filtering effects of inhalation. The mannequin was 

fitted with a T-shirt to prevent slipping of the test hood, and the temperature and humidity 

of the test environment were controlled through air conditioning. A new Alpha Solway 

2530V respirator was fitted to the mannequin, and a sample line was fixed adjacent 

outside of the right lateral nose bridge to simulate the common leak position for half mask 

respirators [11][12]. The 3M qualitative fit test hood was fitted over the mannequin to 

contain the aerosol, taking care not to disturb the sample line or respirator. 

Aerosol mass concentration measurements were conducted using a DustTrak DRX model 

8534 manufactured by TSI Incorporated, Shoreview, MN [13]. The DustTrak DRX is an 

optical aerosol monitor capable of estimating size-segregated mass fraction across 

channels corresponding to size PM1, PM2.5, PM4 and PM10 over a concentration range 

0.001–150 mg/m3 [14][15]. PM2.5 data was selected for use in this study since it is most 

representative of the geometric mean particle size of the Bitrex fit test and sensitivity 

aerosol, determined by Mullins et al. to be 2.38μm, σ 1.45 (standardised using 5% NaCl 

in distilled water) [16]. Instrument-to-instrument variation was eliminated by use of the 

same DustTrak for each test, and a zero-calibration and background measurement was 
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conducted prior to each testing session. The DustTrak was factory-calibrated to ISO 

12103-1, A1 test dust (formerly known as ‘Arizona test dust’) and an additional size 

correction factor was calculated to improve the relative accuracy against the fit test 

aerosol [13]. The DustTrak was programmed to take a sample measurement every one 

second for a period of seven minutes (the normal duration of a qualitative fit test) and 

report a mean aerosol mass concentration result. 

A series of seven-minute simulated qualitative fit tests were conducted for the mannequin 

configuration with either the control scenario or one of the error scenarios from Table 5-

1 introduced.  Each of the scenarios were set up and tested twenty times in randomised 

order over a period of two months. All apparatus was cleaned, dried and re-set between 

each test and equipment was inspected for condition after each use. Figure 5-2 provides 

a flowchart of the procedure used for the mass aerosol concentration studies. 

 

Figure 5-2 Procedure for aerosol mass concentration studies 
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Data output from the TSI DustTrak was handled using TSI TrakPro software version 4.7.2 

and exported into a spreadsheet created in Microsoft Excel (Microsoft Office 365) [17].  

Symmetry of the data was investigated using a skewness test and appropriate descriptive 

statistics were used to examine the data using IBM SPSS software (version 26).  A two-

tailed t-test was used to compare results from the two studies using a significant level of 

0.05. 

 

5.3.3 Shortened fit test studies 

A series of shortened qualitative fit tests was conducted to evaluate the impact of the error 

scenarios on fit test outcome for wearers using Alpha Solway 2530V FFP3 respirators 

that were adapted to include a known leak of a size 1 - 2%. 

Respirators were fitted with two pluggable ports: a sample port; and an adjustable leak 

port, these are shown in Figure 5-3.  

Figure 5-3 Location of the sample port and adjustable leak port 

The sample port was created using an unmodified fit test sample probe (model 8025-N95, 

TSI Incorporated, Shoreview, MN) and positioned between the nose / mouth area as close 

as possible to the wearer’s breathing zone in accordance with the method detailed in 

INDG479 [2]. The adjustable leak port was created using a fit test sample probe (model 

8025-N95, TSI Incorporated, Shoreview, MN) modified with an in-line adjustable flow 

valve. This design was subjected to multiple tests so that a leak could be obtained when 
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fitted of 1 – 2% (equivalent to a quantitative fit factor of 50 – 100). The leak port was 

positioned at the bridge of the nose on the opposite side to the sample port to prevent 

streaming of sample air. 

Quantitative fit factors (QNFF) were measured using a TSI Portacount Pro+ Model 8038 

Respirator Fit Tester manufactured by TSI Incorporated, Shoreview, MN [18].  The same 

Portacount was used for each test to eliminate instrument-to-instrument variation. The 

Portacount was factory calibrated in accordance with manufacturer’s instructions and a 

‘Daily Check’ was conducted prior to each testing session to ensure that the instrument 

was functioning correctly. The ambient particle concentration was maintained at a stable 

level above 3,000 particles / cm3 throughout each test as recommended by INDG479.   

Wearers were recruited from male and female staff, associates, family members and 

friends. No attempt was made to select wearers according to anthropometric data 

representative of the UK respirator-wearer population, instead recruitment was made on 

the basis of available volunteers. Wearers were provided with a written procedure and 

asked to give informed consent for inclusion in this study (Appendix G). In order to 

reduce the effects of wearer-generated particles on quantitative fit factor measurement 

and to ensure a clean palate prior to qualitative fit tests, wearers were instructed to refrain 

from eating, drinking (except plain water), smoking or vaping for 60 minutes prior to the 

test. 

Each wearer undertook a sensitivity test to determine their taste threshold to Bitrex, plus 

a water-placebo to check their response. Wearers that incorrectly characterised the taste 

of the placebo were instructed to wait a further thirty minutes and the process was 

repeated. Wearers that were unable to detect Bitrex during the sensitivity test were 

eliminated from the study. If a correct sensitivity response to Bitrex was given, wearers 

were instructed to wipe their face, cleanse their palate by drinking water and wait at least 

15 minutes (or longer until their palate had cleared) before proceeding to the next stage. 

Wearers were provided with a mirror and instructed to don the respirator and check for 

fit in accordance with manufacturer’s instructions. A five-minute comfort assessment 

period was used to allow the wearer time to adjust the respirator for comfort and fit, after 

which time no adjustment was permitted. 
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The Portacount sample tube was connected to the sample port and supported using a 

lanyard to prevent disturbance of fit on the wearer’s face. Using the Portacount ‘Real-

Time’ mode, the leak port was adjusted to create a leak of 1 - 2%. A QNFF was then 

measured as the average of two 80-second normal breathing exercises to quantify leak 

size. Causing as little disturbance as possible, and without removing or adjusting the 

respirator, the Portacount sample tube was disconnected and plugged, leaving the leak 

port open. 

 

Figure 5-4 Process for shortened fit tests 
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Wearers were then placed inside the QLFT hood, and a two-minute shortened qualitative 

fit test, incorporating one of the ‘error scenarios’ from Table 5-1 or the ‘control scenario’ 

was conducted. Wearers were instructed to breathe normally through their mouth with no 

head movements or exercises, and to indicate any detection of taste immediately by 

raising their hand. If taste was detected, wearers were instructed to remove the respirator, 

cleanse their palate by drinking water, wipe their face and wait until their palate had 

cleared before proceeding to a new test. In line with guidance issued by the BSIF Fit2Fit 

Scheme, if no taste was detected, wearers were instructed to carry out a reveal test, by 

reaching inside the hood, breaking the seal between the mask and their face and breathe 

in through their mouth. Results of the reveal test were recorded alongside the outcome of 

the test. The procedure for the shortened fit tests study is shown in Figure 5-4. 

Each error scenario, plus the control scenario, was set up and tested in randomised order 

over a period of three months for eleven different wearers. Data was handled using TSI 

FitPro+ software (version 3.3.0) and exported into a spreadsheet created in Microsoft 

Excel (Microsoft Office 365) [19]. Symmetry of the data was investigated using a 

skewness test and statistical analysis was performed using IBM SPSS software (version 

26). Data from the aerosol mass concentration and shortened fit test studies were 

compared using a Spearman correlation test to investigate the degree of association 

between the data sets.  
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5.4 Results 

5.4.1 Aerosol mass concentration studies 

A total of twelve error scenarios plus one control scenario were evaluated using mass 

concentration measurements to provide an indication of in-hood aerosol concentration. 

Full descriptive statistics for the aerosol mass concentration studies are reported in 

Appendix H. Analysis of the individual error scenarios compared with the control 

scenario reveals the differences in the mean values, standard deviation, and the statistical 

significance (α = 0.05), these are displayed in Table 5-2. The mean mass aerosol 

concentration for the control scenario was found to be 11.17mg/m3 (SD = 2.43) and this 

was similar to the median value observed (Mdn =10.75mg/m3). The similarity of the 

mean and median values for the control scenario indicates an approximately normal 

distribution which was confirmed by a skewness test (skew = 1.39). Descriptive statistics 

for each of the error scenarios also show little difference between the mean and median 

values, and the skewness values reported in Appendix H suggest an approximately normal 

distribution for all data. 

 

Error scenario  

  

Mean mass 

concentrationa 

Error scenario 

Mean mass 

concentrationb 

Control scenario 

Difference between    

means 

M1 (SD1) M2 (SD2) M2 -

M1 

t(19) p 

Fit test nebuliser filled with sensitivity solution 11.02 (1.57) 11.17 (2.43) 0.15 0.24 0.810 

Fit test nebuliser under-filled 10.94 (1.69) 11.17 (2.43) 0.23 0.34 0.736 

Fit test nebuliser clogged 2.12 (0.54) 11.17 (2.43) 9.05 16.28 <0.001 

Fit test nebuliser bottom bung not removed 4.07 (0.90) 11.17 (2.43) 7.10 12.87 <0.001 

Fit test nebuliser Venturi mis-seated 4.60 (0.97) 11.17 (2.43) 6.57 11.97 <0.001 

Fit test solution under-administered 7.56 (1.28) 11.17 (2.43) 3.61 5.80 <0.001 

Fit test timing incorrect 7.10 (0.89) 11.17 (2.43) 4.07 7.12 <0.001 

Fit test nebuliser not upright 10.01 (1.30) 11.17 (2.43) 1.16 2.02 0.058 

Fit test nebuliser not upright and under-filled 3.16 (0.92) 11.17 (2.43) 8.01 13.25 <0.001 

Fit test nebuliser not actuated with full squeezes 3.95 (1.03) 11.17 (2.43) 7.22 12.46 <0.001 

Hood damaged / unsuitable 3.34 (0.88) 11.17 (2.43) 7.83 12.79 <0.001 

Hood positioned incorrectly 5.30 (0.75) 11.17 (2.43) 5.87 10.11 <0.001 

Table 5-2 Results of aerosol mass concentration tests for control and error scenarios 

Notes: Mass concentration measured in mg/m3. an = 20. bn = 20. α = 0.05. 
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The error scenario Fit test nebuliser clogged was found to have the greatest impact on 

aerosol mass concentration when compared to the control scenario. The observed 

difference between means was 9.05 (t(19) = 16.28, p < 0.001), indicating an in-hood 

aerosol mass concentration for the error scenario that was 81% lower than the control 

scenario. Indeed, the mean values for nine of the twelve error scenarios were statistically 

significantly different from the control scenario, with only Fit test nebuliser filled with 

sensitivity solution, Fit test nebuliser under-filled and Fit test nebuliser not upright found 

not to be significantly different. The smallest difference in aerosol mass concentration 

against the control was found for Fit test nebuliser filled with sensitivity solution, where 

the observed difference in means was 0.15 (t(19) = 0.24, p = 0.81). This result is 

unsurprising since the aerosol produced by the sensitivity and fit test solutions is 

standardised in commercially available solutions with sodium chloride. Of greater interest 

will be the effect of using sensitivity solution on the ability of wearers to detect a known 

known leak during shortened fit test studies which is discussed later in this paper. 

The results for error scenarios Fit test nebuliser under-filled and Fit test nebuliser not 

upright are of further interest. When these scenarios were tested separately, they were 

found to produce a limited reduction in aerosol concentration from the control (2.07% 

and 10.39% respectively). However, when these scenarios were tested concurrently, Fit 

test nebuliser not upright and under-filled, a decrease of 71.1% was found against the 

control, with an observed difference between means of 8.01 (t(19) = 13.25, p < 0.001). 

 

5.4.2 Shortened fit test studies 

Of the twelve volunteer wearers that were recruited in total, one was unable to detect 

Bitrex during sensitivity testing and was removed from the study. All eleven remaining 

volunteer wearers elicited a taste response to Bitrex during sensitivity testing in the lowest 

threshold bracket (1-10 applications of the sensitivity nebuliser), and all elicited the 

correct (null) response to the water placebo. Quantitative fit factors (QNFF) for the 

control scenario in the presence of the known leak ranged from 54 to 81 with a mean of 

70.4 (SD = 9.69), equivalent to a leak of 1.42%. All eleven wearers reported a taste of 

Bitrex (Fail result) during QLFT under the control scenario indicating that the known leak 
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was correctly detected. All twelve error scenarios plus one control scenario were tested 

using the eleven volunteer wearers in a total of 143 shortened fit test studies. 

A summary of the mean QNFF for error scenarios along with the number of wearers 

reporting taste during QLFT is shown in Table 5-3 and full results of this study are shown 

in Appendix I. 

 

Error scenario 

QNFF 

Error scenarioa 

QNFF 

Control scenariob 

Difference between 

means 

M1 (SD1) QLFT M2 (SD2) QLFT 
M2 - 

M1 
t(19) p 

Fit test nebuliser filled 

with sensitivity solution 
70.3 (14.14) 0 70.4 (9.69) 11 0.1 0.03 0.980 

Fit test nebuliser under-

filled 
74.4 (14.88) 11 70.4 (9.69) 11 -4.0 -0.66 0.526 

Fit test nebuliser clogged 

  
69.9 (7.27) 0 70.4 (9.69) 11 0.5 0.14 0.896 

Fit test nebuliser bottom 

bung not removed 
68.8 (12.69) 6 70.4 (9.69) 11 1.6 0.28 0.782 

Fit test nebuliser Venturi 

mis-seated 
75.4 (9.95) 3 70.4 (9.69) 11 -5.0 -1.13 0.286 

Fit test solution under-

administered 
70.8 (11.34) 6 70.4 (9.69) 11 -0.4 -0.09 0.933 

Fit test timing incorrect 

  
73.7 (8.57) 9 70.4 (9.69) 11 -3.3 -0.90 0.391 

Fit test nebuliser not 

upright 
70.6 (13.35) 11 70.4 (9.69) 11 -0.2 -0.05 0.961 

Fit test nebuliser not 

upright and under-filled 
73.7 (8.80) 2 70.4 (9.69) 11 -3.3 -1.26 0.236 

Fit test nebuliser not 

actuated with full squeezes 
74.0 (8.80) 5 70.4 (9.69) 11 -3.6 -0.80 0.444 

Hood damaged / unsuitable 

  
72.4 (12.79) 8 70.4 (9.69) 11 -2.0 -0.33 0.749 

Hood positioned 

incorrectly 
75.5 (11.69) 7 70.4 (9.69) 11 -5.1 -1.09 0.303 

Table 5-3 Summary of results for quantitative and qualitative fit tests for control and error 

scenarios 

Notes: QNFF M = mean quantitative fit factor measured using a TSI Portacount model 8038 

respirator fit tester. QLFT = number of qualitative fit tests that resulted in a FAIL outcome (the 

wearer was able to detect the challenge agent via the open leak).an = 11. bn = 11. α = 0.05. 

Mean QNFF values for the twelve error scenarios ranged from 68.8 (SD = 12.69) to 75.5 

(SD = 11.69), equivalent to a leak of between 1.45% and 1.32% which should have been 



 

99 

detectable by QLFT. Comparison of the mean QNFF values for the error scenarios against 

the control scenario showed no significant difference across the study with p values 

ranging from 0.286 – 0.980 (α = 0.05). The similarity of the mean QNFF values for the 

control and error scenarios therefore allows the data for the number of wearers reporting 

taste detection to be compared side by side. 

The number of wearers reporting detection of taste during QLFT ranged from zero (none 

of the wearers were able to correctly detect the open leak) to 11 (all wearers were able to 

correctly detect the open leak). A mean value of 5.7 for all error scenarios indicates that 

the leaking facepiece was identified by just over half (51.5%) of wearers in this study. 

This in turn means that just under a half (48.5%) of wearers were not able to detect the 

leaking facepiece when an error was introduced. The greatest impact on taste detection 

was found for the error scenarios Fit test nebuliser filled with sensitivity solution and Fit 

test nebuliser clogged. Data for these scenarios indicates that none of the eleven wearers 

reported taste detection during QLFT, despite the presence of a known leak of sizes 1.42% 

and 1.43% respectively. The result for Fit test nebuliser clogged is in line with the results 

reported by the mass concentration study which found this error to have the greatest 

impact on in-hood aerosol concentration.  

The error scenarios Fit test nebuliser under-filled and Fit test nebuliser not upright 

appeared to have no effect on QLFT outcome in this study, with all wearers correctly 

indicating detection of taste through the open leak. However, when these errors were 

compounded in the scenario Fit test nebuliser not upright and under-filled, nine of the 

eleven wearers failed to detect the open leak suggesting that these errors become pivotal 

if made simultaneously. This result affirms the data from the mass concentration study 

which also found that these two errors were significant if compounded. Some effect on 

taste detection was noted for the error scenario Fit test timing incorrect with nine of the 

eleven wearers correctly detecting the open leak, but a much larger effect was noted for 

Fit test solution under-administered where only six of the eleven wearers correctly 

reported taste. Of further note are the results for the error scenario Fit test nebuliser 

Venturi mis-seated in which nine of the eleven wearers did not report detection of taste 

through the open leak during QLFT, a result which agrees with the mass aerosol 

concentration measurements. 
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In order to gain an overall view of the data, the results of the two studies were compared 

using the Spearman correlation coefficient. For each error scenario, the mean mass 

concentration reported by the aerosol concentration study was compared with the number 

of wearers not reporting taste during the shortened fit test study. When data for all error 

scenarios were included, the association between the results of the two studies was found 

not to be statistically significant (rs = 0.40774, p (2-tailed) = 0.18827).  However, when 

the contradictory data for Fit test nebuliser filled with sensitivity solution were removed, 

the correlation was found to be statistically significant (rs = 0.78083, p (2-tailed) = 

0.00456) indicating good agreement between the results of the two studies. 

The validated QLFT protocol is designed to identify leaks at > 1% (equivalent to a QNFF 

< 100) and therefore this study can be used to assess whether leaks at or above this value 

can be detected when a known error is introduced during shortened qualitative fit tests. 

Results of the aerosol mass concentration studies (Table 5-2) and shortened fit test studies 

(Table 5-3) were combined to provide a holistic view of impact. The data suggest that all 

error scenarios, except the non-compounded errors of Fit test nebuliser under-filled and 

Fit test nebuliser not upright, were found to have an impact on the reliability of the fit 

test outcome. The data also indicate a list of errors that are most likely to lead to an 

unreliable fit test outcome, these are shown in Table 5-4. 

 

Error scenario 

% Change in 

aerosol mass 

concentrationa  

Number of wearers 

correctly reporting 

detection of Bitrexb 

Fit test nebuliser filled with sensitivity solution     1.36* 0 

Fit test nebuliser clogged 81.02 0 

Fit test nebuliser Venturi mis-seated 58.80 3 

Fit test nebuliser not upright and under-filled 71.70 2 

Fit test nebuliser not actuated with full squeezes 64.68 5 

Table 5-4 Error scenarios with the highest impact on the ability of wearers to detect a known 

leak in QLFT 

Notes: * sodium chloride used in commercial solutions to maintain a stable geometric mean 

particle size between sensitivity and fit test solutions. an = 20. bn = 11. 
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These studies suggest that the error scenarios with the greatest impact on both the aerosol 

mass concentration and / or ability of wearers to detect a known leak outcome were Fit 

test nebuliser filled with sensitivity solution, Fit test nebuliser clogged and Fit test 

nebuliser not upright and under-filled. 

When data from this study were applied to the observations of real-world fit testers from 

an earlier study an estimate of the workplace impact can be calculated. The results suggest 

that 51.2% (n = 327) of the records include errors against one or more of the critical error 

areas relating to the use of QLFT equipment. The shortened fit test study has indicated 

that, on average, these equipment errors may result in 48.5% of wearers being unable to 

detect the presence of a leak. When combined, these data therefore suggest that a 24.8% 

of fit tests observed in the earlier study may have resulted in a false pass result, indicating 

a workplace Beta value (probability of a false pass) for these equipment errors of 0.25. 

Although useful, this method of estimation is fairly crude and takes no account of the 

impact and probability of each type of error. A better estimate can be achieved by 

multiplying the probability of a particular error being made by the proportion of false 

passes observed for that error and summing these over the eleven individual error types. 

This calculation indicates a more reliable workplace Beta value (probability of a false 

pass) for equipment errors of 0.43, a figure significantly higher than that observed in 

laboratory studies. Since errors are rarely made in isolation however, this method of 

calculation may result in both an over-estimation (since errors are likely to be made in 

combination), and an under-estimation (since the impacts of combined errors may be 

worse than the sum of their individual parts). 
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5.5 Discussion 

The results of this empirical study into human errors affirm the observations of an earlier 

theoretical study which suggested that some human errors in QLFT (termed ‘critical 

errors’) have the potential to adversely affect the outcome of the test. QLFT procedures 

are low-tech methods which employ rudimentary equipment in the form of a set of 

nebulisers, a test hood and two solutions. This basic appearance leads many fit testers to 

assume that little or no operator experience is required, and these methods are often 

advertised as ‘simple’, with one commentator suggesting QLFT methods are “convenient 

and easy to perform” [20]. This outward appearance belies the truth that QLFT methods 

require extensive input from the fit tester and rely upon manual operation, often with little 

or no training. Observation of real-world fit testers highlights a serious lack of knowledge 

of how nebulisers work, the function of components and, importantly how they might 

fail. 

Fit testers have been forced to become better acquainted with their fit testing equipment 

since the start of the SARS-CoV-2 pandemic. HSE guidance has recently advised fit 

testers to dismantle nebulisers after each fit test, disinfect the bulb section and submerge 

the plastic components in disinfecting solution [6]. This guidance of course also requires 

fit testers to re-assemble the components correctly - a skill which is currently not observed 

or assessed during Fit2Fit assessments and is not discussed in many examples of 

manufacturer’s guidance. One possible outcome of this process is the potential for fit 

testers to re-assemble the critical Venturi poorly by failing to seat the component securely. 

A recent communication from one of the major QLFT equipment manufacturer cautioned 

fit testers to check that the Venturi is properly seated inside the nebuliser to ensure proper 

aerosolisation of the fit test solution [7]. The effect of a poorly seated Venturi is apparent 

in the compounded error Fit test nebuliser not upright and under-filled where the action 

of holding the nebuliser at a 45o angle causes the fit test solution to run to one side of the 

nebuliser such that the Venturi is no longer submerged. It appears that the standard fill 

volume of 5ml mitigates the effects of holding the nebuliser at an angle by ensuring that 

the Venturi remains submerged in the fit test solution and hence is able to maintain proper 

aerosol generation. 
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The results for the error scenarios Fit test solution under-administered and Fit test timing 

incorrect are of interest when considering in-hood aerosol concentration. Use of the 

control scenario conducted as per the HSE INDG479 protocol results in 75 full squeezes 

of the nebuliser (applications) over the total test time of 7 minutes (Appendix J). The error 

scenario Fit test solution under-administered used half the control number of applications 

resulting in 42 full squeezes over 7 minutes, and Fit test timing incorrect used an 

increased timing between applications resulting in 55 full squeezes over 7 minutes 

(Appendix J). Whilst both scenarios appear to produce a dramatic reduction in the mean 

aerosol concentration, the impact of increasing the test timings on fit test outcome appears 

to be less severe, possibly as a result of the higher number of applications over the total 

test time. A further reason may involve the manner in which the challenge agent is 

administered, whereby in-hood concentration is maintained by applying the challenge 

agent in batches rather than a continuous series of individual applications. The standard 

number of applications for a wearer with the lowest sensitivity banding would be batches 

of five squeezes administered every 30 seconds. In the scenario Fit test timing incorrect, 

the size of the batch (five squeezes) was maintained, but with a longer interval between 

batches (45 seconds). An open leak of ≥ 1% may therefore have been more detectable 

when the batch size was maintained, possibly due to a threshold of taste detection. 

One question which these studies were not designed to answer is whether errors which 

are carried through both the sensitivity test and fit testing procedure are accounted for by 

an increase in sensitivity banding. An example of this would be the mistake (perhaps 

through poor training) of leaving the bottom bung in the nebulisers used for both the 

sensitivity test and fit test. The reduction in fit test aerosol concentration observed during 

this study might be expected to be mirrored by a reduction in sensitivity aerosol 

concentration if the bottom bung was also left in place. This may lead to a sensitivity test 

threshold banding which is higher than would be observed if the bung had been removed. 

This would have the subsequent effect of increasing the number of applications used 

during the fit test which may not affect the fit test outcome. Further research would be 

needed to answer this question and assess the impact of carry-through errors. 

A supplementary observation of the shortened fit test studies was the ability of wearers 

to detect taste during the ‘reveal test’ which is part of the recommendation in Fit2Fit 
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guidance and manufacturer’s user instructions when no taste is detected during the fit test. 

Despite not being able to detect a taste during the fit test, almost all wearers reported 

detection of taste at the reveal test for error scenarios including Fit test nebuliser filled 

with sensitivity solution and Fit test nebuliser not actuated with full squeezes (denoted 

with * in Appendix I). This potentially provides false assurance to the fit tester and the 

wearer that the test had been applied correctly and the outcome was accurate, when results 

of this study indicate otherwise. Although not the main purpose of this study, the 

observations made during shortened fit tests provide an interesting insight into the value 

of the ‘reveal test’ in offering validation of fit testing outcomes. Fit2Fit Companion 

guidance advises fit testers that “The “reveal” is an important element of fit testing with 

the qualitative method and its utilisation will help mitigate against false passes.” The 

observations made during the shortened fit test studies appear to question this guidance 

and merit further discussion. BS ISO 16975-3 recommends inclusion of the ‘reveal test’ 

as part of the standard QLFT procedure and provides instructions on the fit tester’s actions 

following this test, 

“If the fit-test aerosol taste is not detected after breaking the RPD seal, the fit test 

is null and void and the reason why the person did not taste the fit-test aerosol 

shall be identified. If the fit-test aerosol taste is detected after breaking the seal, 

the fit test is valid and the RI fits the person.” [10]. 

Whilst the results of this study agree with the first of these actions in recommending the 

fit test to be declared “null and void” if taste is not identified, they do not agree with the 

second. Observations made during the shortened fit test studies suggest that, contrary to 

guidance, wearers can detect a taste during a reveal test despite a serious error in the 

application of the test. An explanation for this may be found in understanding the relative 

concentration of sensitivity and fit test solutions, and size of leak involved. The diluted 

solution used during sensitivity testing ensures that wearers are able detect a challenge 

agent equivalent to a 1% or greater leak of the more concentrated fit test solution used 

during the fit test. The action of breaking the mask seal during a reveal test would be 

likely to results in a transient ‘leak’ of far greater than 1% of the more concentrated fit 

test solution. This means that an error would only be picked up by the wearer at the reveal 

test if the in-hood aerosol concentration fell below the wearer’s taste threshold so as to be 
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undetectable. It could therefore be very dangerous to assume that detection of taste 

implies a valid fit test, indeed use of the reveal test as an indicator of correct application 

is questionable and may contribute to reporting of false pass results. 

This study has several limitations which should be discussed. Use of a continuous pump 

during the aerosol mass concentration studies may have overestimated the impact of an 

error on in-hood aerosol concentration during workplace fit testing. During normal use of 

a particulate-filtering respirator, the action of inhalation has the effect of reducing the 

particulate concentration within the immediate environment. In this study, the continuous 

pump was used to control inhalation filtration so that the mass aerosol concentration could 

be studied separately as an effect of the error scenarios introduced. In normal use 

however, the action of exhalation would also occur, and would have the effect of both 

mixing the atmosphere within the immediate environment and causing a slight increase 

in particulate concentration (as some particles are released from the filtering medium and 

valves). Future studies may consider the use of a simulated human breathing machine but 

will need to account for exhaled particles and mixing when evaluating aerosol mass 

concentration.  

A further limitation of this study is the number of shortened fit tests that were conducted 

for each of the twelve error scenarios which was low (n = 11) thereby limiting the 

significance of the outcome. A larger population size would increase the statistical 

significance and give higher confidence in the results. Although the order of the tests was 

randomised and conducted over an extended period, there is the possibility that ‘taste 

fatigue’ may have had an effect on wearers with the more tests they conducted. The issue 

of taste fatigue is discussed by a number of researchers and is thought to stem from an 

evolutionary factor of toxin-avoidance [21]. The use of a water placebo during the 

shortened fit test studies was conducted in line with previous research in an attempt to 

assure the wearer’s taste response [22]. Although other researchers have reported a 

moderate placebo effect, with wearers incorrectly characterising the taste of plain water, 

this study found no such effect amongst the eleven wearers [23][24]. This could be a 

result of the low sample population and larger studies would be required to answer this 

question with higher statistical confidence. 



 

106 

Furthermore, this study was limited in scope to assessment of the impact of equipment 

errors and did not attempt to assess the impact of subjectivity factors. An earlier study 

suggested that critical errors in QLFT could be separated into two types: subjectivity 

errors (those with the potential to impact the wearer’s ability to taste the challenge agent) 

and equipment errors (those that have the potential to impact the proper use and 

application of QLFT equipment) [4]. Numerous researchers, including those involved in 

the original validation of the method, have described how the QLFT method is highly 

dependent on the wearer’s taste response, which has been reported to be both variable and 

unreliable [25][22][26]. The subjective nature of the QLFT method places critical 

emphasis on the management and response of the wearer to taste – factors which are 

largely outside the control of the fit tester. Practical errors in this category may include 

the fit tester not asking whether the wearer has a clear palate before the sensitivity and fit 

test, and not instructing the wearer to breathe through the mouth. Whilst a fit tester can 

attempt to manage these issues by asking the appropriate questions, their ability to control 

or affect the response is limited since they rely entirely upon the wearer’s cooperation 

and honesty. Therefore, although these errors may indeed be critical to the outcome of a 

fit test and contribute to an increased workplace Beta error, they are not controllable by 

the fit tester alone and instead must involve the full cooperation and understanding of the 

wearer. A proper understanding of the influence of subjectivity errors on QLFT outcome 

is required through further study whose scope may include both examination of practical 

application as well as an understanding of the psychology and attitudes to taste response. 
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5.6 Conclusion 

The results of this study indicate that errors involving the use and application of QLFT 

equipment have the potential to have a practical impact on both the in-hood aerosol 

concentration and the wearer’s ability to detect a known leak. An estimated workplace 

Beta value of 0.43 for equipment errors indicates that the impacts of human operator 

errors are far greater in the real world than have been suggested by laboratory studies. 

The biggest impacts were found for Fit test nebuliser filled with sensitivity solution, Fit 

test nebuliser clogged and Fit test nebuliser not upright and under-filled and these errors 

must be eliminated if QLFT outcomes are to be more reliable. 
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6 Human errors in qualitative fit testing: an investigation of 

current controls 

6.1 Abstract 

Mistakes, oversights, and omissions are frequently viewed as inevitable by-products of 

any human operation. In some processes, these human errors are nothing more than 

wasteful or inconvenient, whereas in others there may literally be life or death 

consequences. Earlier studies have suggested that a significant proportion of real-world 

fit testers make errors in areas which may be critical to the ability of the QLFT method 

to properly identify a leak (critical errors). This poses the very real possibility that some 

QLFT fit testers make errors which can lead to a false pass fit test result and hence assign 

an ill-fitting, leaky respiratory protective device to a wearer. This paper aims to assess the 

reasons why some fit testers make errors by investigating the gaps in current engineering 

and administrative controls. It is hoped that the gaps revealed will inform stakeholders in 

implementing further controls aimed at reducing number of critical errors that fit testers 

make in applying the QLFT method, and ultimately assist in protecting the wearer’s 

health in the UK workplace. 
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6.2 Background 

Recent news reports highlighting a spate of incorrect laboratory SARS-CoV-2 

Polymerase Chain Reaction (PCR) test results has given wide publicity to the phrase 

‘false negative’ results  [1][2]. More commonly termed ‘false passes’, these types of 

erroneous results are particularly dangerous since a false assurance of safety is offered, 

potentially putting health at risk. In the UK workplace, a Health and Safety Executive 

(HSE) prescribed fit testing protocol is used to provide assurance to a wearer that a given 

make, model, and size of tight-fitting respiratory protective device (RPD) provides a 

suitable fit for their face [3]. Since tight-fitting RPD are frequently used as a last resort in 

reducing a wearer’s exposure to an airborne hazard, a suitable facial fit is vital in 

protecting the wearer’s health  [4][5]. A false pass result in this context gives the wearer 

false assurance that the selected RPD provides a suitable facial fit for them when in truth, 

it does not. 

The qualitative fit test (QLFT) method is by far the most common RPD fit testing 

procedure employed in the UK workplace today [6]. This method uses the wearer’s taste 

response to a strong-tasting challenge agent (usually BitrexTM, denatonium benzoate) to 

detect face seal leakage and hence identify a poor fitting respirator [7]. The widespread 

use of this fit testing method across different industry sectors can be attributed both to the 

low entry cost of equipment and the widely held view that QLFT is a ‘simple’ procedure 

[8]. This perception of simplicity is dangerous however since it disguises the more 

complex principles that sit behind the method and underestimates the care that must be 

taken in application if assignment of false pass results is to be avoided. Indeed, human 

errors resulting in misapplication of the validated method were found by an earlier study 

to be the least well-understood of the complexity of factors that can lead to errors in 

workplace QLFT and required further investigation [9]. 

This series of papers has aimed to provide a better understanding of human errors in 

QLFT with the ultimate aim of assuring better workplace safety for RPD wearers. Earlier 

studies postulated a list of ‘critical errors’, and the findings indicate that these may affect 

one or more of the fundamental key principles of the QLFT method which impact the 

ability of the method to identify a poor fitting respirator [10]. When referenced against 

the observations recorded of real-world fit testers, studies suggest that the prevalence of 
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human errors is widespread, indicating a problem which remains largely unchecked and 

poorly controlled in the workplace [11].   

In any safety-critical process, if risks cannot be mitigated by elimination or substitution 

of the hazard, proper controls are necessary to safeguard against the worst outcomes of 

human error. Effective controls which mitigate the most serious of fit tester errors (those 

that have the potential to lead to a false pass result), are therefore crucial in assuring a 

safe fit test outcome for the wearer. Controls typically may be administrative in nature 

(information, instruction, warnings etc), or may involve hard-engineering solutions (fail-

safe devices, adaptations to equipment / procedures etc). Engineering controls are usually 

prioritised above administrative controls in risk mitigation strategies such as the 

Hierarchy of Controls since these methods tackle risks at source rather than requiring a 

change to action or behaviour [12]. 

Any attempt at mitigation of human errors in QLFT must therefore start with an 

understanding of the current control strategies in order to identify and address possible 

gaps. Indications from earlier studies points to a lack of awareness and understanding 

amongst some fit testers when addressing outcome-critical actions, suggesting the 

presence of gaps in the current administrative controls [11]. Concerns raised by other 

researchers point to potentially serious gaps in engineering controls aimed at preventing 

or reducing the possibility of human errors occurring – controls which might be expected 

given the critical nature of a false pass outcome [13]. 

This paper aims to assess the current administrative and engineering controls available to 

real-world fit testers to evaluate the extent to which human errors are mitigated in 

workplace QLFT. Results of these studies are synthesised to reveal gaps in the controls 

provided which then offer indications about current failings and sources for improvement. 

The extent of current controls has not been studied to date and this research is crucial if 

results of workplace qualitative fit tests are to be assured. The findings of this study will 

be useful to stakeholders to assist in mitigation of human errors in QLFT through 

improvement, modification, or supplementation of the current controls. 
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6.3 Method 

Two studies were used to identify the presence or absence (gaps) of controls which could 

mitigate one or more of the ‘critical errors’ which were proposed by an earlier study as 

potentially leading to a false pass outcome [10]: 

1. An assessment of current administrative controls; 

2. An assessment of current engineering controls. 

A full list of the critical errors used for this study is shown in Appendix K, along with an 

ID key to facilitate referencing within this document. No attempt was made in this study 

to assess the efficacy of any controls identified, but simply to investigate the presence or 

absence of mitigating information (administrative control) or engineering solutions 

(engineering control). Similarly, this investigation was limited to the list of critical errors 

which was theorised by an earlier study. Whilst every effort was made previously to 

ensure this list was exhaustive, it is recognised that gaps may be present which therefore 

are not investigated in this study. 

 

6.3.1 Assessment of current administrative controls 

Information provided by the British Safety Industry Federation (BSIF) Fit2Fit scheme 

suggests that there are four main administrative resources available to qualitative fit 

testers which provide information instruction and guidance in the QLFT procedure: 

1) Information provided by QLFT equipment user instructions; 

2) Guidance provided in HSE INDG479; 

3) Guidance provided in the Fit2Fit QLFT Companion; and 

4) Instruction provided by fit tester training courses [14] 

These administrative resources were assessed in turn to identify the presence or absence 

(gap) of controls useful in mitigating critical errors in QLFT. 

QLFT user instructions were obtained from manufacturers’ websites and were referenced 

alongside hard-copy instructions available in the QLFT equipment kits [15][16][17]. 
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Manufacturers of QLFT equipment in the UK marketplace were identified through a 

survey of known fit test equipment providers, RPD manufacturers and other RPD 

suppliers (stockists, wholesalers etc). Further information was requested from the 

Respiratory Protection Product Group (a special interest working group of the BSIF 

which represents UK RPD manufacturers and suppliers) to ensure that the list of UK 

QLFT equipment providers was as complete as possible. The survey sought to include 

both original manufacturers as well as other equipment manufacturers (OEMs) that 

provide QLFT equipment in a re-branded form. OEM providers were included in this 

survey to allow assessment of the controls provided in OEM user instructions which may 

be re-written as part of the re-branding process.  

A new set of QLFT equipment (a ‘kit’) was obtained directly from each original 

manufacturer / OEM for the purposes of these studies and a batch number was allocated 

and recorded to allow identification of the source, time, and date. Although some QLFT 

kit manufacturers offer both ‘bitter’ and ‘sweet’ versions, this study was limited to ‘bitter’ 

versions to allow comparison across all brands. Each kit and set of user instructions was 

dummy-coded to allow reporting of results with removal of manufacturer-identifying data 

for purposes of potential commercial sensitivity. 

Assessment of guidance resources was limited to analysis of the Health and Safety 

Executive (HSE) document INDG479 and the BSIF Fit2Fit Companion guide to 

qualitative fit testing which were accessed through the originators’ websites [3][18]. 

Analysis of training course content was limited in this study to courses whose content had 

been judged to meet the requirements of the BSIF Fit2Fit Approved Training Course 

scheme [19]. A complete evaluation of the content of all fit tester training courses from 

every provider in the UK was not possible due to the large and increasing number of 

different course providers, and restricted access to private company training materials. 

Instead, the Fit2Fit Approved Training Course provides a syllabus and reference form 

which is available in the public domain and allows analysis of a ‘gold standard’ course 

[20]. The scheme is designed to provide a signpost to fit testers who want to access best 

practice training, with the aim of ensuring that the content of such training courses, 

‘enable satisfactory RPE face fit testing competence.’ [19]. Requirements of these 
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training courses are set out in the scheme’s syllabus which provided the basis for 

assessment of training course content in this study. 

All administrative resources were handled in electronic format to facilitate cataloguing 

and search functions. Each document was interrogated for information pertaining to the 

mitigation of any of the critical errors listed in Appendix K. A list of search words and 

key terms was compiled to standardise the search criteria for each document, and this is 

detailed in Appendix L. The inclusion of some American-English words, e.g., ‘nebulizer’, 

was found to be useful since several manufacturers produce generic instructions for their 

US and European markets. For all documents, a simple scoring system was used to record 

whether mitigating information was present or absent (a gap); information was only 

recorded as ‘present’ where specific information relating to mitigation of the critical error 

was provided. As an example, the general instruction, ‘ensure proper functioning of the 

nebuliser’ was considered insufficient to record actions relating to nebuliser components 

as ‘present’. A total score was recorded for each administrative resource to allow 

comparison and assessment of gaps. The results of these studies were compiled in a table 

(Microsoft Excel, Microsoft Office 365) for cross-comparison and analysis of gaps. 

 

6.3.2 Assessment of current engineering controls 

The main equipment resources available to a qualitative fit tester are the components 

included in the QLFT kit which is used to conduct the sensitivity test and fit test 

procedures. As observed during Fit2Fit practical assessments, many fit testers will choose 

to supplement their kit with additional resources such as wipes, water, a stopwatch etc 

[11]. Since use of additional resources is unrestricted and varied, this investigation is 

restricted to the resources included as standard in the UK commercially available QLFT 

kits identified for assessment in this study. 

An investigation was conducted for each QLFT kit in turn to identify the presence or 

absence of controls intended to mitigate any of the critical errors detailed in Appendix K. 

Each kit was dummy coded with an identification number (ID) which was recorded 

alongside the QLFT equipment manufacturer details in spreadsheet format. The ID 

number was used to hard label all major components, sub-components and removable 
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parts within each kit. This method of identification was used to allow side-by-side 

comparison of components and sub-components whilst ensuring that their origin could be 

traced to the equipment provider if required.  

HSE guidance document INDG479 requires QLFT equipment used in the UK to meet the 

specification detailed in British Standard BS ISO 16975-3 [21]. Using this specification 

as a reference, each component was inspected to identify any adaptations which could 

assist mitigation of any of the critical errors detailed in Appendix K. A binary scoring 

system was used to record presence or absence (a gap) of engineering controls, and a total 

‘score’ was calculated to allow comparison and assessment of gaps. The results of these 

studies were compiled in a table (Microsoft Excel, Microsoft Office 365) for analysis. 

Following completion of both studies, results of the assessments of administrative and 

engineering controls were synthesised to allow an overall assessment of current controls 

and gaps. 

  



 

119 

6.4 Results 

Seven different QLFT kit providers were identified in the UK marketplace; six original 

manufacturers and one re-branded OEM provider. Table 6-1 provides a list of these 

providers along with the version numbers of user instructions supplied. 

 

QLFT equipment 

manufacturer 

Manufacturer 

type 

Item code User instruction version 

3M Original FT-30 34-8704-6582-9 

Scott Original 2017070 595116-01 Rev B 02/20 

Alpha Solway Original QLTK1 Revision 14 (June 2020) 

Moldex Original 010301 EN Rev11-20 

JSP Original BPT050-000-000 RFGZ-005-900_19-08 

Draeger Original 4055625 1004 Rev A 

ARCO OEM 1E1100 Revision 15 (June 2020) 

Table 6-1 UK QLFT equipment (kit) providers 

All kits were found to contain two nebulisers, a test hood, sensitivity solution and fit test 

solution. Some kits contained solutions in 50ml or 55ml bottles, whereas others provided 

individual 2.5ml single-use ampoules. One set of user instructions was identified within 

each kit; some as hard-copy documents, and others supplied on a USB flash-drive and / 

or Quick Response (QR) code. 

 

6.4.1 Current administrative controls 

The administrative resources investigated in this study comprised a total of ten 

documents: three guidance/training documents (HSE INDG479, Fit2Fit QLFT 

companion, Approved Training syllabus), plus seven QLFT user instructions (Table 6-

1). Assessment of these administrative resources reveals a wide variation in the controls 

available to fit testers, with no single resource offering a complete set of controls in 

mitigating critical errors. 

Table 6-2 displays the results of the assessment of the ten administrative resources against 

the list of eighteen critical errors, and full details are provided in Appendix M. Possible 



 

120 

‘present’ scores ranged from zero to eighteen, with a higher score indicating control of a 

higher number of critical errors. ‘Present’ scores in the data set showed a minimum score 

of four and a maximum score of 14. These data show that the HSE INDG479 guidance 

provided controls for the fewest number of critical errors (score = 4), meaning that gaps 

were identified for 14 of the possible 18 critical errors. The highest number of 

administrative controls were found to be provided by the Fit2Fit companion guidance and 

user instructions supplied with QLFT kits 3 and 7 (score = 14). These data further indicate 

that all seven QLFT user instructions provided controls for nine or more critical errors 

(M = 10.6), all scoring higher than the Approved training syllabus (score = 8). 

 

Identification of 

administrative 

control 

Guidance/Training QLFT user instructions 

HSE 

INDG479 

Fit2Fit 

Companion 

Approved 

Training 
Kit 1 Kit 2 Kit 3 Kit 4 Kit 5 Kit 6 Kit 7 

Present 4 14 8 13 13 14 9 12 10 14 

Absent 14 4 10 5 5 4 9 6 8 4 

Table 6-2 Administrative controls identified in QLFT guidance, training, and equipment 

user instructions 

Notes: N = 18. Present = critical errors for which control was identified. Absent = critical errors 

for which no control was identified. 

This study also provided the opportunity to examine how well each of the eighteen critical 

errors were mitigated by the ten different administrative resources investigated, these data 

are displayed in Table 6-3. Possible ‘present’ scores ranged from zero to ten, with a higher 

score indicating mitigating information in a higher number of administrative resources. 

‘Present’ scores in the data set showed a minimum score of 2 and a maximum score of 

10. The highest score was found for the critical error Wearer has smoked, eaten, or drunk 

before test (ID key 2), for which mitigating information was found to be present in all ten 

administrative resources. Critical errors 13 and 14 relating to the dosage and timing of 

challenge aerosol application were also found to be high scoring, with controls identified 

in 9 out of 10 resources. The lowest score was found for the critical error Room poorly 

ventilated, for which mitigating controls were identified in only two of the ten resources, 

followed by Fit test nebuliser Venturi mis-seated, identified in only three of the ten 
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resources. Indeed, no information was identified in half or more of the administrative 

resources for eight of the eighteen critical errors, suggesting numerous gaps. 

 

ID 

Key 
Critical error 

Identification of administrative 

control 

Present Absent  

1 Room poorly ventilated 2 8 

2 Wearer has smoked, eaten or drunk before test 10 0 

3 Wearer not advised to rinse mouth / clean face 5 5 

4 Clear palate not verified (after sensitivity test) 7 3 

5 Wearer not instructed to breathe through mouth 9 1 

6 Sensitivity test not repeated (after failed fit test) 8 2 

7 Hood not cleaned (after fit test) 6 4 

8 Fit test nebuliser filled with sensitivity solution 6 4 

9 Fit test nebuliser under-filled 5 5 

10 Fit test nebuliser clogged 8 2 

11 Fit test nebuliser bottom bung not removed 5 5 

12 Fit test nebuliser Venturi mis-seated 3 7 

13 Fit test solution under-administered 9 1 

14 Fit test timing incorrect 9 1 

15 Fit test nebuliser not upright 5 5 

16 Fit test nebuliser not actuated with full squeezes 4 6 

17 Hood damaged / unsuitable 4 6 

18 Hood positioned incorrectly 6 4 

Table 6-3 Analysis of the control of critical errors in QLFT through administrative 

resources 

Notes: N = 10. Present = control identified in administrative resource. Absent = control not 

identified in administrative resource. 

Of interest are the numerous gaps in controls found in HSE INDG479 guidance and 

Fit2Fit Approved Training content. Directions provided in these documents suggests that 

they are meant to be read in conjunction with QLFT user instructions. However, analysis 

of the administrative controls referenced in HSE INDG479 guidance and Fit2Fit 

Approved Training content versus the various QLFT manufacturers’ user instructions, 

reveals gaps that remain between these documents. The frequency of these gaps is 

displayed in Figure 6-1. 
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Figure 6-1 Gaps in administrative controls between QLFT equipment manufacturers’ user 

instructions and INDG479, Fit2Fit QLFT Companion and Fit2Fit Approved Training 

content 

These results indicate that whilst some user instructions fill the majority of the gaps in 

controls identified in guidance and training documents, others fail to do so, and significant 

gaps remain. The user instructions supplied with QLFT kit 4 offer the poorest 

administrative controls when analysed in conjunction with HSE INDG479, with eight of 

the eighteen critical errors remaining uncontrolled. These uncontrolled errors include the 

need to remove the bottom bung of the nebuliser, ensure the Venturi is properly seated, 

hold the nebuliser upright and ensure full squeezes - all shown by earlier studies to be 

fundamental factors in ensuring proper aerosol generation. 

 

6.4.2 Current engineering controls 

Assessment of current engineering resources reveals very few mitigating controls and 

numerous gaps suggesting huge scope for improvement in this area. These results further 

indicate inconsistency across different QLFT kit manufacturers and failure to provide 

engineering controls for the majority of critical errors. 
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Table 6-4 displays the results of the assessment of equipment resources investigated in 

this study and full details are provided in Appendix N. Seven different QLFT kits were 

examined against eighteen critical errors. Possible ‘present’ scores ranged from zero to 

eighteen, with a higher score indicating control of a higher number of critical errors. 

‘Present’ scores in the data set showed a minimum score of two and a maximum score of 

4 (M = 2.7) indicating widespread failure to provide engineering controls. The best-

performing QLFT kit (Kit 1) was found to provide engineering controls for only four of 

the eighteen critical errors, while the worst-performing (Kits 2, 4 and 6) for just two. For 

the worst-performing kits, this study therefore identified gaps in controls against sixteen 

of the eighteen critical errors, indicating poor mitigation of human errors. 

 

Identification of control 

for critical error 

QLFT equipment 

Kit 1 Kit 2 Kit 3 Kit 4 Kit 5 Kit 6 Kit 7 

Present  4 2 3 2 3 2 3 

Absent  14 16 15 16 15 16 15 

Table 6-4 Engineering controls in QLFT kits 

Notes: N = 18. Present = critical errors for which control was identified. Absent = critical errors 

for which no control was identified. 

Table 6-5 provides a focussed analysis of the controls available for individual critical 

errors along with observations from the investigation. When these data were analysed 

according to error type, the results indicate that engineering controls in QLFT are focused 

on mitigation of just four of the eighteen errors: Fit test nebuliser filled with sensitivity 

solution (ID key 8, seven kits), Fit test nebuliser under-filled (ID key 9, one kit), Fit test 

nebuliser clogged (ID key 10, seven kits), and Hood positioned incorrectly (ID key 18, 

four kits).  

No engineering controls were identified in any of the resources for fourteen of the 

eighteen critical errors. These errors include Fit test nebuliser not upright*, Fit test 

nebuliser bottom bung not removed, and Fit test nebuliser Venturi mis-seated, all of which 

were found by a practical study to have a significant impact on in-hood aerosol 

concentration and fit test outcome (*when tested in conjunction with Fit test nebuliser 

under-filled)  [22]. No engineering controls were identified for critical errors ID key 1-7 
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which relate to subjectivity factors, affecting the wearer’s ability to detect the taste of the 

challenge agent. The gaps in engineering controls for these areas suggest a potential for 

uncontrolled false passes to occur as a result of errors made in managing the wearer’s 

taste detection. 

 

ID 

Key 
Critical error n Observations 

1 Room poorly ventilated 0 No controls identified 

2 Wearer has smoked, eaten or drunk before test 0 No controls identified 

3 Wearer not advised to rinse mouth / clean face 0 No controls identified 

4 Clear palate not verified (after sensitivity test) 0 No controls identified 

5 Wearer not instructed to breathe through mouth 0 No controls identified 

6 Sensitivity test not repeated (after failed fit test) 0 No controls identified 

7 Hood not cleaned (after fit test) 0 No controls identified 

8 Fit test nebuliser filled with sensitivity solution 7 Inconsistent colour-coding, labelling 

9 Fit test nebuliser under-filled 1 Graduated fill lines 

10 Fit test nebuliser clogged 7 Pin and spare Venturi supplied 

11 Fit test nebuliser bottom bung not removed 0 No controls identified 

12 Fit test nebuliser Venturi mis-seated 0 No controls identified 

13 Fit test solution under-administered 0 No controls identified 

14 Fit test timing incorrect 0 No controls identified 

15 Fit test nebuliser not upright 0 No controls identified 

16 Fit test nebuliser not actuated with full squeezes 0 No controls identified 

17 Hood damaged / unsuitable 0 No controls identified 

18 Hood positioned incorrectly 4 Collar with 'shoulder' seats 

Table 6-5 Control of critical errors through engineering resources provided in QLFT kits 

Notes: N = 7, n = number of kits in which control was identified. 

All kits were found to include engineering controls aimed at mitigating errors in the 

incorrect use of the sensitivity solution (ID key 8) through labelling, colouring, or 

numbering. However, observations indicate a highly inconsistent approach between the 

various kits, with a different approach used for each different kit provider. Figure 6-2 

highlights the labelling / colouring systems for the nebulisers found in QLFT kits 1 and 

5, which reveal the opposite use of colouring systems between the sensitivity and fit test 

nebulisers supplied in the two kits. 
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Figure 6-2 Labelling / colouring of nebulisers identified as a control in mitigating the critical 

error Fit test nebuliser filled with sensitivity solution 

Notes: Sensitivity nebuliser (red labelling) and Fit test nebuliser (blue labelling) QLFT kit 1 (left). 

Sensitivity nebuliser (blue labelling) and fit test nebuliser (red labelling) QLFT kit 5 (right). 

All QLFT kits were found to include two sets of pins and new Venturi. These were 

identified as controls to assist in mitigating a clogged nebuliser (critical error ID 10), 

although comparison with the earlier assessment of administrative controls reveals that 

only three of the kits provided instructions for use of these items in their user instructions. 

Only one QLFT kit (Kit 1) was found to provide engineering controls to mitigate an error 

in under-filling the fit test nebuliser (critical error ID 9) by providing marked graduated 

fill-lines. Figure 6-3 shows the presence of graduated fill lines provided in nebulisers 

supplied in kit 1, compared with those supplied in kit 3 which feature no fill lines. 

                       

Figure 6-3 Engineering controls identified as assisting in proper nebuliser filling 

Notes: Nebuliser saucers with graduated fill lines supplied in QLFT kit 1 (left), nebuliser saucers 

with no fill lines supplied in QLFT kit 3 (right). 
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When the results from the studies of administrative and engineering controls were 

synthesised, the critical errors for which the fewest controls were identified across all 

resources were revealed. Figure 6-4 provides an overview of this synthesis, displaying 

the number of gaps identified across the seventeen combined administrative and 

engineering resources. These results indicate significant gaps in the controls available to 

fit testers through the ten administrative resources (guidance, training, and user 

instructions) and seven engineering resources (QLFT equipment kits). 

 

Figure 6-4 Presence / absence of controls for critical errors in QLFT 

Notes: N = 17. Present = number of administrative or engineering resources in which control was 

identified. Absent = number of administrative or engineering resources in which no control was 

identified. Administrative resources (n = 10) relate to information provided in HSE INDG479 

guidance, Fit2Fit QLFT companion guidance, Approved training course content, and user 

instructions from QLFT providers in the UK. Engineering resources (n = 7) relate to the 

components and sub-components provided in QLFT equipment kits in the UK market. 
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The highest number of gaps were found for Room poorly ventilated for which controls 

were found only in two of the seventeen resources examined. Numerous gaps were also 

found relating to critical errors Fit test nebuliser Venturi mis-seated, Fit test nebuliser not 

actuated with full squeezes, Hood damaged / unsuitable, Fit test nebuliser bottom bung 

not removed, and Fit test nebuliser not upright* for which controls were identified in five 

or fewer resources. These errors all were found by an earlier study to have a significant 

effect on the in-hood aerosol concentration and fit test outcome (*when tested in 

combination with Fit test nebuliser under-filled), and the gaps identified are therefore 

important and must be addressed [22]. 
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6.5 Discussion 

The results of this study indicate that much more can be done to assist fit testers in 

mitigating human errors by addressing the gaps identified in both administrative and 

engineering controls in QLFT. Improvements in controls against the gaps identified 

would serve to offer better resources to real-world fit testers and hence reduce the 

potential for false pass fit test results in workplace QLFT. 

Administrative controls provided in guidance, training course content and manufacturer’s 

user instructions play a critical role in the development of a competent fit tester by 

building essential skills and knowledge. To be effective, these controls must include 

information about how and why errors occur, in order to aid understanding and drive a 

safety-conscious work attitude. It is perhaps surprising then, that the HSE sets no 

requirement for formally-certified training for fit testers, stating only “Fit testing should 

be conducted by a competent person” [3]. Improving the information provided to fit 

testers through the administrative resources available is central to building confidence in 

a properly administered information process.  

In terms of guidance, HSE document INDG479 is the principal reference guide which 

provides advice to both fit testers and employers on fit testing in the UK workplace. The 

gaps in administrative controls found in HSE guidance are surprising and are indicative 

of a creep towards generalisation of HSE information which seeks to place the 

requirement for providing greater detail onto manufacturers and industry bodies such as 

BSIF through the Fit2Fit scheme. A worrying outcome of the results provided by this 

study is therefore the indication that manufacturers’ user instructions are currently failing 

to address the numerous gaps in HSE guidance, meaning that many critical areas of the 

QLFT process remain uncontrolled. It is essential that the gaps which occur between HSE 

guidance and manufacturers’ user instructions are addressed with more specific 

instruction provided to fit testers on the correct, effective, and safe use of equipment if 

false pass fit test results are to be avoided. A further source of concern is a blurring of the 

overlap between guidance, fit tester training course content and manufacturer’s user 

instructions whose boundaries are currently poorly defined with confusion about the role 

they each play in providing information to a fit tester.   
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Whilst the controls provided in administrative resources seek to mitigate errors by 

influencing a fit tester’s behaviour, engineering controls aim to mitigate errors at source. 

In terms of risk management, engineering controls are seen to be more effective (and 

hence more favourable) when compared to administrative controls because they remove 

human influence [4]. The results of this study suggest that engineering controls are 

currently under-used in QLFT equipment and numerous gaps exist where controls could 

be applied. QLFT equipment is rudimentary in nature, and engineering controls which 

eliminate human errors in the use of this equipment should provide a huge benefit in 

reducing false passes and assuring the reliability of the QLFT method. Although efforts 

have been made to provide controls for four elements of current QLFT equipment (such 

as providing fill lines on some nebulisers), the majority of critical errors remain entirely 

uncontrolled and rely solely on the ability, knowledge and skills of the fit tester to ensure 

mitigation of errors.  

The finding that a different labelling / colour-coding system is used for the sensitivity and 

fit test nebulisers and solutions in each different QLFT kit is both surprising and 

concerning. Many fit testers will choose to use QLFT kits from different manufacturers 

(especially during periods of short supply such as a pandemic) or may supplement their 

kits with top-up solutions from a different manufacturer. The current labelling system is 

therefore potentially both confusing and dangerous. Earlier studies have suggested that 

incorrect substitution of the fit test solution for the sensitivity solution has the potential 

to lead to a false pass result, and clear labelling / warning is therefore essential if this is 

to be avoided [22]. In medical fields such as anaesthesiology and paediatrics, harm or 

death caused by dosing errors has resulted in calls for improvement in labelling, 

standardised colour coding and even pictogram systems [23][24]. Standardised use of 

colours and labels in QLFT kits requires cooperation between different manufacturers but 

is a small change that could have an important impact on mitigating dosing errors in 

QLFT. 

At first appearance, it may not be surprising that no engineering controls were identified 

against the critical errors relating to subjectivity factors since these are less tangible than 

those relating to the use of equipment and focus instead on management of the wearer’s 

taste palate. However, it would be erroneous to conclude that controls are impossible in 
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mitigating errors relating to these factors when considering the extent to which systems 

such as gas detection and filter breakthrough technology have evolved to negate the need 

for a human sensory system. Current engineering controls are failing to engage with, and 

address, subjectivity issues in QLFT, despite the wide understanding that the reliability 

of human taste detection is a known problem in this method. 

The results of this study reveal the gaps in current administrative and engineering controls 

and provide the first suggestion of some of the reasons why fit testers may make errors in 

the workplace. The complete failure to provide controls for the majority of the most 

important elements of the QLFT procedure means that this method is extremely 

vulnerable to human error. QLFT kit manufacturers and providers can, and must, do much 

more to provide engineering controls in this procedure if human errors are to be reduced 

or eliminated. The outcome of this study suggests that limited information is available to 

fit testers about key areas of the fit testing process indicating that fit testers may not be 

equipped with the knowledge required to mitigate false pass results in this method. 

Evidence from earlier studies suggests that some fit testers may not refer to guidance or 

user instructions and may not ever attend a training course [11]. Administrative controls 

such as these require active engagement on the part of the fit tester and hence may be less 

successful as a result. On the other hand, almost all fit testers use QLFT equipment 

provided by one of the UK equipment manufacturers and therefore engineering controls 

which eliminate human errors at source are likely to be the most successful in mitigating 

real-world problems. Redesign of fit testing equipment e.g., nebulisers, could provide 

engineering controls that preclude apparent operation if the equipment is not properly 

assembled and used. Such controls should provide a visible, audible or other easily 

identifiable means for the fit tester to determine proper functioning. Innovative 

engineering controls could also include the use of technology such as an automated 

dispenser to assure proper and controlled dosing, and a pressure sensor to monitor proper 

actuation of the nebuliser. 
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6.6 Conclusion 

The findings of this study suggest that numerous gaps are present in the current 

administrative and engineering controls aimed at mitigating critical human errors in 

QLFT. The identification of very few engineering controls in QLFT equipment kits, 

suggests that manufacturers and providers are currently failing to address human errors, 

and have an important role to play in ensuring that engineering controls are used to best 

advantage in mitigating errors. In addition to QLFT kit providers, other guidance and 

training stakeholders can all provide better administrative controls by improving the 

information resources provided to fit testers in mitigating critical errors. 
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7 Conclusions and summary 

The primary aim of this thesis was to better understand human errors in qualitative fit 

testing (QLFT) and relate the findings to the impact on fit test outcome, with the core 

research question “How do human errors affect the outcome of a qualitative fit test and 

hence the potential for false pass results?” This chapter discusses the findings of the work 

in a real-world context, reports the contribution this thesis makes to existing knowledge 

and offers proposals for improvements to current resources. Finally, the chapter will 

present suggestions for future research extending from this thesis. 

 

7.1 Summary of research findings 

The overall findings of this thesis indicate that workplace qualitative fit testing is highly 

vulnerable to human errors which may result in the assignment of false passes. Although 

human errors appear to be the least well understood of the complexity of errors in the 

QLFT method, this study has provided evidence that they appear to be widespread 

amongst real-world fit testers.  

Theoretical assessment of the impacts of human errors suggests that some are critical to 

the ability of the QLFT method to properly identify a leaking facepiece, and practical 

studies provide further evidence to support this claim. A workplace Beta value of 0.43 

was estimated when the measured impacts of errors in the use of QLFT equipment were 

applied to the observations of real-world fit testers. This value exceeds the Beta value 

reported by laboratory-based studies (0.04 – 0.12), suggesting that the QLFT method 

becomes a less reliable procedure for detecting poor fitting facepieces when applied 

outside of laboratory settings. The thesis finds that the most critical of human errors are 

currently poorly controlled through administrative and engineering resources, and urgent 

action is required to provide better controls to mitigate these errors and assure the 

workplace safety of this fit test method. 

The findings of this thesis were gathered through five separate, but complementary 

studies which sought to answer the five research objectives identified. The objective of 

the first study was to evaluate the current understanding of sources of error in QLFT 
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through a review of the literature, and thus to identify research gaps. This study revealed 

three key themes in the literature relating to errors in QLFT: statistical errors inherent in 

the method, errors arising from the subjective nature of the QLFT method, and human 

errors in real-world application of the QLFT method. The review found that statistical 

errors were well described and have been extensively studied in laboratory settings. The 

Beta error value (probability of the method returning a false pass result) has been widely 

reported by numerous researchers, however the influence of facepiece type and reference 

QNFT method contribute to the large range of published values, many of which fall 

outside of the American National Standards Institute (ANSI) criteria for new fit test 

methods [1][2][3]. Errors relating to the subjective nature of the qualitative fit test method 

have been broadly discussed amongst researchers in this field, and reliance of the method 

on the human taste response mechanism is widely acknowledged [4][5]. A key finding of 

this review is the significant gap in the literature pertaining to human errors in QLFT. The 

potential impacts of human errors in QLFT have been commented upon by several 

researchers, but this review found no studies which published research in this area [6].  

Discussed only in passing, these human errors and their impacts were found to be poorly 

described in the literature with references largely limited to anecdotal reports and 

discussion amongst stakeholders [7][8]. The study highlighted the importance of filling 

this research gap to better understand how human errors affect the outcome of a 

qualitative fit test, and whether this can lead to an increase in false passes beyond those 

reported as the Beta error in laboratory studies. 

The second study sought to further the overall research aim by investigating the 

prevalence and sources of human errors amongst real-world QLFT operators. This study 

used the secondary records of observations of fit testers during Fit2Fit QLFT practical 

assessments to provide an understanding of the extent and types of human errors. A major 

finding from this study was the indication that over 83% of the assessments reported the 

presence of one or more human errors, with the worst-performing recording errors in 29 

out of the 49 areas observed. Although Fit2Fit accredited fit testers appear to make fewer 

errors than non-accredited fit testers, the results indicate no improvement in mean 

observed error rate over the ten-year period studied. The most common errors were found 

to relate to proper donning and fit checking of RPD prior to the commencement of the fit 

testing process. Of the ten Fit2Fit sections, those which involve the set-up, use and 
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application of fit test equipment accounted for more than half of all errors recorded during 

Fit2Fit assessments. This was further emphasised by the finding that in almost one third 

of cases, the fit tester failed to verify the function of the nebuliser at any point during the 

procedure. This study highlighted that further investigation was required to ascertain 

whether the errors observed amongst real-world fit testers during Fit2Fit assessments 

have the potential to undermine the test protocol and lead to false passes in workplace fit 

testing. 

The third study expanded on the observations gathered from the previous study and aimed 

to understand and assess the theoretical impacts of human errors upon QLFT outcome. 

This study proposed a list of ‘critical errors’ which were judged to have the theoretical 

potential to impact one or more of the three key principles of the QLFT method and lead 

to a false pass result. Analysis conducted in conjunction with the previous study indicated 

that over 39% of the errors observed amongst real-world fit testers during Fit2Fit QLFT 

practical assessments may have been critical errors, and these were recorded in over 70% 

of the fit tests observed. The study also suggested that the potential for human errors 

relating to the use and application of QLFT equipment are the most numerous and 

widespread and are therefore highly vulnerable to human error. Whilst this research 

identified those errors which have the theoretical potential to adversely affect fit testing 

outcome, the study highlighted the need for empirical research to evaluate whether these 

can translate to practical impacts which affect the outcome of a fit test. 

The purpose of the fourth study was to extend the previous theoretical study by evaluating 

the practical impacts of human operator errors upon QLFT outcome and hence assess the 

potential for false pass results. Practical impacts were assessed through evaluation of 

errors both upon the in-hood aerosol concentration, and the ability of wearers to detect 

the presence of a known leak. The results of this study suggest that critical errors relating 

to the use and application of QLFT equipment have a measurable practical impact upon 

in-hood aerosol concentration and the wearer’s ability to detect a known leak. The biggest 

impacts were found for the errors Fit test nebuliser filled with sensitivity solution, Fit test 

nebuliser clogged and the compound error Fit test nebuliser not upright and under-filled. 

The key finding of this study is the indication that these errors are likely to affect the 

ability of the fit test to identify a leaking facepiece and therefore potentially lead to 
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assignment of false pass results in real-world fit testing. When these findings were applied 

to observations of real-world fit testers, the data suggest that a workplace Beta value for 

human errors in the use of QLFT equipment may be estimated at 0.43, a value far 

exceeding that reported in laboratory settings. 

The fifth and final study of this thesis aimed to assess the current control measures in 

QLFT and identify gaps to inform future improvements in design and methodology aimed 

at mitigating the effects of human errors. A survey of current administrative and 

engineering resources highlighted the presence of numerous gaps in controls aimed at 

mitigating errors in QLFT. A key finding of this study was the almost total absence of 

engineering controls available to fit testers using commercially-sourced QLFT equipment 

kits. This finding suggests that QLFT kit manufacturers are currently failing to address 

the potential for human operator errors, and therefore the possibility of false passes in this 

method. In addition, the study found that current administrative controls fail to properly 

address the range of human operator errors in QLFT, and improvements to information 

resources provided to fit testers is crucial in mitigating human errors. 
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7.2 Contribution to knowledge 

The separate and collective findings of the five studies included in this thesis contribute 

to the existing knowledge in several important ways which can be considered at the 

theoretical and empirical levels. 

From a theoretical perspective, this research contributes to the knowledge of errors in the 

QLFT method by extending the current understanding of laboratory-based studies into 

real-world application. By means of an extensive literature review, this thesis examines 

the multi-faceted body of current research and identifies a major research gap in the 

knowledge pertaining to human operator errors. Importantly, this thesis expands current 

knowledge by addressing errors that are introduced as a result of the human operator - a 

factor that has not previously been considered. By relating the impacts of human errors 

back to the fundamental principles of the original methodology, the findings show 

consistency with the key tenets that underpin the method. Contravention of these 

fundamental principles has been demonstrated by this thesis to impact upon outcome and 

hence the reliability of the method. Additionally, use of the Fit2Fit criteria for the impact 

studies considered in this thesis provided a solid theoretical basis for examination of the 

effects of human errors, with clear references to Health and Safety Executive (HSE) 

INDG479 guidance [9]. By theorising a list of possible error scenarios against these 

criteria, this thesis postulates a set of critical errors which have the potential to undermine 

the fundamental principles of the method. This therefore provides a theoretical foundation 

for other researchers to evaluate the impacts of fit tester errors in a systematic manner. In 

applying the measured impacts of errors to the observations of real-world fit testers, this 

thesis offers the first estimate of a workplace Beta value for human errors in use of QLFT 

equipment. This offers a significant contribution to knowledge which thus far has been 

limited to a measure of the Beta value of QLFT conducted under laboratory conditions. 

At the empirical level, this thesis is the first to conceptualise and implement secondary 

analysis of data acquired during Fit2Fit QLFT practical assessments as a tool for assessing 

human errors. A significant contribution to knowledge is made in this area, with the 

findings providing data about the prevalence and sources of errors made by real-world fit 

testers. The real-world impacts and implications of this research are an underlying 

principle throughout this thesis, with the knowledge that the qualitative method is the 
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most common method used for fit testing of tight-fitting disposable and reusable half 

facepieces. The findings presented in this thesis provide evidence to further support the 

view that the role of the fit test operator is crucial in ensuring the efficacy and reliability 

of the QLFT method. In turn, this also enhances the need for proper instruction, guidance, 

and support resources for fit testers in workplace settings. Through examination of current 

control measures, this thesis identifies the gaps present in administrative and engineering 

resources, offering an insight into the possible reasons for human errors. 
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7.3 Recommendations 

This thesis has demonstrated that human errors are common in real-world QLFT and the 

most critical of these errors has the potential to severely impact upon the ability of the 

method to identify a leaking facepiece.  

The high prevalence of human errors in QLFT is indicative of a failure of current 

resources to educate, control and mitigate errors in this method. This thesis has identified 

numerous gaps in current administrative and engineering controls which must be filled if 

false passes are to be reduced and eliminated in workplace fit testing. In this section, two 

new strategies are proposed for mitigation of human errors in QLFT: 

1. Recommendations for new administrative controls  

2. Recommendations for improved engineering controls 

The proposed new administrative controls are designed to fill gaps in current 

administrative resources (HSE / Fit2Fit guidance, user instructions and training content), 

and the recommendations for improved engineering controls to fill the gaps identified in 

current QLFT equipment. For both strategies, the overall aim is to prevent, reduce or 

eliminate human errors, and hence false passes, in qualitative fit testing. 

 

7.3.1 Recommendations for new administrative controls 

A summary of the gaps identified in current administrative controls is shown in Table 7-

1. To address these gaps, a series of new administrative controls are recommended. The 

aim of these new controls is to prevent, reduce or eliminate the most critical human errors 

in QLFT and hence mitigate false passes. 
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Summary of Gaps identified 

in current administrative 

controls  

       Proposed new administrative controls 

 

QLFT user instructions 

 

Inconsistent and incomplete 

control of critical errors 

across various manufacturers 

 

 

• Provide clear information about critical errors and 

the risks associated. 

 

• Provide clear images to aid component 

identification. 

 

• Add a procedure and checklist for pre-use kit 

inspection. 

 

• Include information about how to check for function 

and rectify problems. 

 

• Provide a ‘Daily Check List’ for fit testers 

 

HSE INDG479 and Fit2Fit 

QLFT Companion 

 

Limited guidance provided 

about control of critical errors 

 

 

• Provide additional guidance in HSE INDG479 

relating to mitigation of critical errors. 

 

• Provide additional guidance in Fit2Fit QLFT 

companion relating to mitigation of critical errors. 

Fit tester training course 

content 

 

Lack of detail and incomplete 

control of critical errors 

• Provide improved information in training course 

content relating to mitigation of critical errors. 

 

• Add a ‘Daily Check List’ practical session to 

training courses. 

 

• Add a fault-finding practical session to training 

courses. 

 

Table 7-1 Gaps identified in current administrative controls and proposed new controls 

To aid dissemination of the proposed new administrative controls, a new Industry 

Guidance note has been developed. This document is directed towards workplace 

qualitative fit testers with the aim of filling the gaps in the fragmented and inconsistent 

advice provided by current administrative resources. The key message provided by this 

guidance note is the importance of correctly using and applying qualitative fit test 

equipment to avoid human errors in workplace fit testing.  
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The new guidance provides information through a multi-level approach: 

1. Awareness of how human errors can occur in QLFT 

2. Education about the risks of these errors 

3. Instruction about how to avoid errors. 

The Industry Guidance note and a summary of the conclusions of this thesis have been 

discussed with policymakers at the Health and Safety Executive and the British Safety 

Industry Federation (BSIF), the governing board of the Fit2Fit scheme and key 

stakeholders in industry. Since the Fit2Fit scheme is built upon competence in fit testing, 

the new guidance would sit well as a supplement to one of the scheme’s informative 

newsletters which are disseminated regularly to the fit testing community. Designed to be 

manufacturer non-specific, the new Industry Guidance note could further be incorporated 

as a supplement to existing guidance provided by HSE, Fit2Fit and QLFT kit 

manufacturer’s user instructions. 

Large, labelled diagrams, bullet points and clear instructions have been included to ensure 

that this document is a user-friendly reference for workplace fit testers. Component 

identification is aided through clearly labelled images and a pre-use checklist is provided 

to aid proper set-up and inspection of QLFT equipment. Further informative text has been 

provided to support each set of guidance along with references to existing documents. 

Attention is drawn to the requirement to assure the wearer’s taste response through 

guidance which highlights key stages in the fit testing process. A summary ‘Daily Check 

List’ provides the fit tester with an aide-memoire of the key points along with an auditable 

record of daily equipment inspection; information that is currently not provided by any 

QLFT equipment manufacturer in the UK. 
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7.3.1.1 Proposed Industry Guidance note 

 

Reducing human errors in the use of qualitative fit test equipment 

 

Qualitative fit testing is an important health and safety procedure which must be 

conducted correctly to ensure reliable results. Fit testing is a process which assesses 

whether a specific make, model, and size of tight-fitting facepiece is suitable for an 

individual wearer. The UK qualitative fit test protocol is described in Health and Safety 

Executive guidance INDG479 and manufacturer’s user instructions.  

 

This Industry Guidance note provides supplementary information to fit testers about the 

safe use and application of qualitative fit test equipment with the aim of reducing human 

errors. A checklist of key points is provided at the end of this guide which can be used 

prior to and during each fit testing session. 

 

Qualitative fit test equipment 

Qualitative fit test equipment used in the UK should meet the specification in BS ISO 

16975-3. A list of major parts included in a qualitative fit test kit and their purpose is 

described below. 

 

Sensitivity solution: A dilute solution of Bitrex or Saccharin used during the 

Sensitivity Test. The contents of this solution are described in 

BS ISO 16975-3. 

 

Fit test solution: A more concentrated solution of Bitrex or Saccharin used 

during the Fit Test. The contents of this solution are described 

in BS ISO 16975-3. 

 

Sensitivity nebuliser: Used during the Sensitivity Test stage to produce a fine mist 

of sensitivity solution. Proper function of this nebuliser is 

important to ensure that the correct amount of sensitivity 

aerosol is produced.  

 

Fit test nebuliser: Used during the Fit Test stage to produce a fine mist of fit test 

solution. Proper function of this nebuliser is critical to ensure 

that the correct amount of fit test aerosol is produced. 

 

Hood / collar: A head-worn enclosure with a clear front panel used during 

both the Sensitivity Test and Fit Test to contain the sensitivity 

and fit test aerosol. 

 

Spares: Qualitative kits are supplied with two spare Venturi and small-

gauge wire which may be used for clearing blockages in the 

nebuliser. See the Troubleshooting section for further 

information.  
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Daily Inspection Checks 

Fit test equipment needs to be inspected prior to use to ensure that components are clean, 

present and in good working order. Dirty, missing, or damaged parts may affect proper 

function and lead to invalid fit test results.  

 

Table A provides details of the checks that should be carried out prior to each use, or if 

the wearer is unable to detect taste at the sensitivity test or reveal test. 

 

Table A Inspection Checks for qualitative fit test equipment 

 

Major part Sub-

component 

What to check 

Sensitivity 

solution  

Ampoules or 

bottles 

• Within manufacturer’s use-by date 

• Within manufacturer’s open time (bottles) OR 

• Unopened (ampoules) 

• Free from dirt or debris 

Fit test 

solution  

Ampoules or 

bottles 

• Within manufacturer’s use-by date 

• Within manufacturer’s open time (bottles) OR 

• Unopened (ampoules) 

• Free from dirt or debris 

Nebulisers* Bulb • Undamaged, clean and dry 

• Connected securely to the nebuliser lower body 

Lower body • Undamaged, clean and dry 

• Connected securely to the bulb 

• Nozzle free from blockage** 

• O-ring present (see below) 

• Venturi present (see below) 

O-ring • Undamaged, clean and dry 

• Fully seated in nebuliser lower body 

Venturi • Undamaged, clean and dry. 

• Present and seated fully down onto the Nozzle 

• Aperture free from blockage** 

Upper body • Undamaged, clean and dry 

• Fits securely onto the nebuliser lower body 

Top and bottom 

bungs 

• Both bungs must be able to be removed when 

nebuliser is in use 

Hood / collar Hood body • Undamaged, clean, and dry 

• Able to maintain shape 

Collar (if 

separate) 

• Undamaged, clean and dry 

• Securely attached to hood body 

• Aligned with front of hood body 

 

Notes: *Location of nebuliser parts is shown in Figures 1 and 2 below. **See Checking and 

Clearing nebuliser blockages section. 
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Inspection and set up of nebulisers 

Nebulisers are an essential part of the qualitative fit test kit and special attention should 

be paid to ensure their correct function. The location of the main nebuliser components 

and sub-components is shown in Figures 1 and 2. 

 
            Figure 1 Nebuliser main components           Figure 2 Nebuliser sub-components 

 

 

Filling sensitivity and fit test nebulisers 

It is essential that the correct solutions are used for the sensitivity and fit test stages of the 

test. Failure to apply the correct solution will invalidate the fit test. Nebulisers must be 

adequately filled with 5ml of solution to ensure proper aerosol generation. 

 

Always: 

 

• Use the sensitivity solution with the sensitivity nebuliser. 

• Use the fit test solution with the fit test nebuliser. 

• Ensure that the matching tasting solution is used for both stages of the test 

• Ensure that both nebulisers are filled with 5ml of solution. 

 

For kits containing bottles: Using a clean, dry pipette or other measuring device, 

transfer 5ml of sensitivity solution to the sensitivity 

nebuliser. Use a second clean, dry pipette to transfer 5ml 

of fit test solution to the fit test nebuliser. 

 

For kits containing ampoules: Fill the sensitivity nebuliser with the contents of TWO 

2.5ml ampoules of sensitivity solution. Fill the fit test 

nebuliser with the contents of TWO 2.5ml ampoules of 

fit test solution.  
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Checking the function of nebulisers prior to use 

To ensure proper aerosol generation, both nebulisers must be checked prior to each use, 

periodically during the fit test, and if the wearer is unable to detect taste either at the 

sensitivity test or the reveal test.  

 

Function test for sensitivity and fit test nebulisers: 

1. Ensure that components are inspected and assembled correctly (see Table 1). 

2. Ensure that each nebuliser is filled with 5ml of the appropriate solution. 

3. Ensure that the bottom and top bungs are removed. 

4. Hold the nebuliser in an upright position against a dark background. 

5. Squeeze the bulb firmly several times, fully depressing and releasing. 

6. A cloud of white aerosol should be visible against the dark background. 

If no cloud of aerosol is visible, refer to the section below.  

 

Checking and Clearing Blockages 

Blockages may arise from crystallisation of the taste solution and must be cleared to ensure 

proper aerosol generation.  To verify the nebuliser is free from blockages: 

 

• Ensure that the nebuliser is fully cleaned and dried after each use. 

• Remove the Venturi from the Nozzle. 

• Use the small-gauge wire to rectify blockages. The wire should be used on 

both the Nozzle (Figure 3) and the Aperture (Figure 4). 

• Reassemble the nebuliser and repeat the function test. 

If the nebuliser is still not producing aerosol, do not use. Seek replacement parts from the 

manufacturer. 

    
 

        Figure 3 Checking the Nozzle for blockages        Figure 4 Checking the Aperture for blockages  
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Managing the wearer’s taste response 

It is essential for the wearer’s taste palate to be properly managed to ensure that a leaking 

facepiece can be correctly identified. Failure to manage the wearer’s taste palate may affect 

taste detection and invalidate the fit test. 

 

To ensure proper management of the wearer’s taste palate, always: 

• Ensure that the room used for fit testing is well ventilated.  

This prevents a build-up of aerosol which may affect the wearer’s taste. 

 

• Ensure that the wearer’s palate is clear before the sensitivity test.  

Wearers must avoid smoking, vaping, eating, and drinking for 30 minutes prior 

to the sensitivity test to ensure that they have a clear palate. 

 

• Advise the wearer to rinse mouth / clean face after the sensitivity test 

This ensures helps to clear the wearer’s palate and removes and residue. 

 

• Verify that the wearer has a clear palate before commencing the fit test  

This helps to ensure a clear palate before the fit test. 

 

• Instruct and remind the wearer to breathe through their mouth 

The qualitative fit test method relies on the wearer’s ability to detect a leakage 

using their taste response. 

 

• Ensure that the sensitivity test is repeated after a failed fit test  

The sensitivity test must always be repeated after a failed fit test since the 

wearer’s taste response must be re-established.  

 

 

Operation and use of fit test equipment 

Fit test equipment must be set up and used in accordance with manufacturer’s instructions. 

The qualitative fit test protocol is described in HSE INDG479. 

 

During use, nebulisers must be held upright with both bungs removed to ensure proper 

aerosol generation. The hood must be positioned with the clear visor facing forwards. 

Throughout the fit test, nebulisers must be used in accordance with the INDG479 protocol 

using the required number of squeezes every 30 seconds for the duration of the test. 

 

Cleaning and disinfection of fit test equipment 

Fit test equipment must be cleaned and disinfected in accordance with manufacturer’s 

instructions and HSE guidance. Proper cleaning of equipment is essential to remove any 

residue of taste solution, ensure components are free from blockages, and ensure proper 

function for the next fit test. See the Checking and Clearing Blockages section for 

information on how to check and remove nebuliser blockages.  
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Daily Check List 

 

 Room well ventilated 

 Wearer not smoked, eaten or drunk 30 mins before test 

 All fit test equipment checked upon set up 

 Nebuliser Aperture and Nozzle checked for blockages 

 Venturi fully seated on the Nozzle 

 Nebulisers filled with 5ml of the correct solution 

 Nebulisers held upright when in use 

 Both bungs removed from nebulisers when in use 

 Nebuliser bulb squeezed fully for every application 

 Nebuliser function checked before and during each test 

 Hood positioned correctly on the wearer 

 Solutions and timings applied as per INDG479 protocol 

 Wearer advised to clean palate after the sensitivity test 

 Wearer’s clear palate verified before the fit test 

 Wearer instructed to breathe through mouth 

 Sensitivity test repeated after a failed fit test 

 Equipment cleaned and disinfected after each use 
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7.3.2 Recommendations for new engineering controls 

This thesis also proposes a series of improvements to the engineering controls in QLFT 

equipment to enable mitigation of human errors at source. Current QLFT kits provide 

very few controls aimed at mitigating human errors in QLFT, and improvements in this 

area are urgently needed. Table 7-2 provides a summary of the gaps identified and 

recommendations for improvements in commercially available QLFT kits. These 

recommendations are directed at QLFT kit manufacturers but will also be of interest to 

other stakeholders and regulators. 

A range of new controls are proposed which encompass both the use of existing resources 

and the possibilities for innovation in this field. Simple additional resources such as a re-

usable 5ml measuring pipette would provide a relatively inexpensive control to aid fit 

testers in properly filling the nebulisers. Minor re-design of QLFT nebulisers to include 

an aid such as a bubble-level would provide a visual reminder to the wearer to keep the 

nebuliser upright. Designing a positive ‘seat’ or permanent fixing for the Venturi would 

eliminate human errors in this area and aid proper aerosol generation. Fixing the joint 

between the top and bottom bungs would eliminate the possibility of leaving the bottom 

bung in place and it is somewhat surprising that this has not already been enacted. 

There appear to be numerous possibilities for innovation in the design of QLFT 

equipment whilst maintaining the fundamental principles of the method. Perhaps the most 

effective may be a switch from a human-operated manual nebuliser to an automated 

nebuliser, and this field is ripe for innovation. Automated nebulisers are frequently used 

in medical applications for drug delivery systems where they are used to deliver accurate 

doses of drugs to treat a wide variety of respiratory illnesses [10]. Full or semi-automation 

of aerosol dispensing would be likely to have a high impact on mitigating critical errors 

relating to nebuliser function and use, since the need for manual application by the fit 

tester would be removed. Interestingly such a method has been attempted previously with 

the QFitTM Respirator Fit Tester (TSI Inc, Shoreview, MN) which provided both fully 

automated and semi-automated options [11]. The product was short-lived however, as the 

market failed to see the benefits of the automated process at almost double the price of 

the manual handheld version. Whilst full automation of the QLFT procedure almost 

entirely removes the need for human operation, such a system does come at an expense, 
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thus limiting the wide availability which is the current draw of the QLFT method. Success 

of such a system would require better efforts at education and adoption by the main QLFT 

manufacturers. 

 

Summary of gaps identified 

in current engineering 

controls  

Recommended new engineering controls  

Inconsistent labelling and 

differentiation of sensitivity / 

fit test solution. 

 

• Standardise labelling / colours across different 

manufacturers. 

Limited controls available to 

aid adequate filling of 

nebuliser. 

 

• Provide 5ml single-use ampoules. 

or 

• Provide nebulisers with graduated fill markings. 

or 

• Include 5ml pipette with QLFT kit.  
No controls available to 

ensure removal of bottom 

bung. 

 

• Provide fixed connection between top and bottom bungs.  

No controls available to 

ensure proper seating of 

Venturi. 

 

• Re-design nebuliser to include a firm seat for the Venturi. 

or 

• Re-design nebuliser to eliminate the removable Venturi.   

No controls available to aid 

proper administering of fit test 

solution. 

 

• Design a fully- or semi-automated QLFT process.  

No controls available to assist 

in accurate fit test timings. 

 

• Design a fully- or semi-automated QLFT process. 

• Include digital stopwatch with QLFT kit.  

No controls available to 

ensure fit test nebuliser is held 

upright during use. 

 

• Fit mini bubble-level to each nebuliser. 

  

No controls available to 

ensure that fit test nebuliser is 

actuated with full squeezes. 

 

• Fully or semi-automated QLFT process. 

and 

• Device to check proper aerosol generation. 

No controls to ensure that 

hood is undamaged / suitable. 

 

• Provide single-use disposable hoods. 

Limited controls to assist in 

correct hood positioning. 

 

• All manufacturers add a collar with shoulders to hood to 

indicate correct positioning.  

Table 7-2 Gaps identified in current engineering controls and proposed new controls 
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When considering real-world implementation of the recommendations proposed in this 

thesis, several factors must be taken into account. Additional administrative controls 

(such as the recommendations for improved HSE guidance) may face resistance given the 

growing reluctance of regulators to take on new legislative responsibility. The key to 

countering this resistance will be through discussion of the potential health and safety 

risks of inaction in this important area. Further market-sensitive opposition to changes in 

QLFT user instructions and equipment design is to be expected, however the threat of 

litigation (especially from those based in North American markets) may provide the 

impetus required to provide better controls. Perhaps the biggest change may be driven 

through fit testers themselves. The UK fit testing community, especially the 446 Fit2Fit 

accredited fit testers (figure from October 2021), has strong links and communication 

channels [12]. Changes to guidance and manufacturer’s recommendations are often 

swiftly disseminated through social media and the strong sense of workplace safety is a 

common theme. An improvement in knowledge and understanding from within this group 

through better education could result in significant reduction in fit tester errors and hence 

improve the safety of workplace fit testing. 
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7.4 Research impact and dissemination 

This thesis makes important contributions to the theoretical and empirical understanding 

of human errors in qualitative fit testing, which will have wide impacts in the academic 

world and workplace fit testing programmes. The prevalence and risks of human errors 

in QLFT should no longer be ignored and the important issues raised in this thesis must 

be addressed. In order to disseminate the findings of this thesis, specific efforts have been 

made to engage with both researchers and policymakers in this field. Research work into 

human errors made by real-world fit testers has been presented to audiences of both 

stakeholders and academics at a variety of European Section meetings of the International 

Society of Respiratory Protection (ISRP) [13].  

Further presentations and panellist contributions were made in a series of webinars and 

conferences held online during the Covid-19 pandemic, including to a wider audience of 

researchers and policymakers from outside the UK [14]. Key findings have been 

discussed with policymakers within the National Health Service (NHS) and the 

Department of Health and Social Care (DHSC) through presentations to meetings, and 

discussions are ongoing as to how best to implement change through policy in the 

healthcare sector.  In terms of effecting change at an individual fit tester level, key 

findings have been discussed with the Fit2Fit scheme and efforts have been made to 

influence development of new policy and procedures through the Fit2Fit technical 

committee of experts. A summary of findings and recommendations for a new Industry 

Guidance note have been discussed with the British Safety Industry Federation and 

policymakers from the UK Health and Safety Executive. 
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7.5 Limitations 

Whilst each paper in this thesis has provided its own discussion of limitations, this section 

discusses these considerations from an overall perspective.  

 

7.5.1 Real-world data 

A view of human errors in qualitative fit testing was gained by examining the prevalence 

and types of errors observed amongst real-world fit testers during Fit2Fit practical 

assessments. Whilst this study provided a robust method for analysis of data against the 

Fit2Fit criteria, it had several limitations which must be considered in the wider context.  

Firstly, these data were gathered under exam conditions where the fit tester’s actions were 

observed and marked by an assessor. Under these conditions, anxiety due to exam 

pressure may have had the effect of increasing the number of errors exhibited by fit testers 

when compared to their normal, unobserved, workplace fit testing activity. Conversely, 

knowledge that they are being observed and assessed may cause the fit tester to be on 

‘best behaviour’, thus exhibiting fewer errors than they would do in their normal activity. 

The resulting data from this study is therefore likely to both underestimate and 

overestimate workplace errors which will largely depend upon how well an individual fit 

tester performs under exam conditions.  Secondly, since the Fit2Fit scheme is voluntary, 

fit testers attending the Fit2Fit practical assessment had presented themselves for 

examination. These fit testers may have come from a population that deemed themselves 

‘good enough’ to pass; a population which therefore may exhibit fewer errors when 

compared to the entire population of UK fit testers. Data more representative of the 

population of workplace fit testers in the UK would require consideration of this factor 

whilst maintaining a robust methodology.  

Several limitations should also be considered when examining the data presented for the 

theoretical and practical impacts of human errors on fit test outcome. The first of these is 

that real-world human errors are unlikely to fall neatly into ‘impact’ or ‘no impact’ 

categories, but rather will sit on a sliding scale of severity. Further studies will be needed 

to assess where real-world errors may sit on this scale to evaluate overall impact. In 

addition, real-world errors may be compounded by the effects of other errors leading to 
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impacts that are greater than the sum of the individual errors. This effect was 

demonstrated in the compound error fit test nebuliser not upright and underfilled whose 

impact was observed to be far greater than the sum the two individual critical errors. This 

study is therefore limited to assessment of individual errors, and further studies would be 

needed to assess and evaluate any compound effect. 

 

7.5.2 Choice of the TSI Portacount quantitative reference method 

Use of the TSI Portacount instrument (TSI Incorporated, Shoreview, MN) as the QNFT 

reference device during practical shortened qualitative fit tests (section 5.4.2) has a 

number of limitations which should be addressed. 

The Portacount was selected for use in this study due to its ease of use, capability of fit 

testing filtering facepiece respirators, and highly portable nature [15]. Based on 

condensation particle counting (CPC) technology, the Portacount makes use of 

environmental (ambient) particles which act as the facepiece challenge agent. During fit 

testing, the Portacount calculates and reports a fit factor (FF) for each of test exercise as 

the ratio of particle concentration outside and inside a facepiece [16]. This is given as the 

equation: 

𝐹𝐹 =
𝐶𝑜𝑢𝑡

𝐶𝑖𝑛 
 

Equation 7-1 Fit factor calculation 

Notes: FF = Fit Factor, where:  

Cout = challenge aerosol concentration outside the facepiece. 

Cin = challenge aerosol concentration inside the facepiece 

 

The overall quantitative (QNFF) result is calculated as the harmonic mean of the 

individual fit factors for each test exercise. The overall QNFF for the HSE INDG479 

protocol based on seven test exercises is shown below [16]: 
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𝑄𝑁𝐹𝐹 =
7

1
𝐹𝐹1

+  
1
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+  

1
𝐹𝐹3

+  
1

𝐹𝐹4
+  

1
𝐹𝐹5

 +
1

𝐹𝐹6
+  

1
𝐹𝐹7

 
 

Equation 7-2 Overall quantitative fit factor calculation for the HSE INDG479 protocol 

based on seven test exercises 

Notes: QNFF = Quantitative fit factor, where: 

FF1 = Fit factor for test exercise 1. 

FF2 = Fit factor for test exercise 2, etc. 

 

As with any CPC instrument, the Portacount is unable to differentiate between particles 

deriving from various sources, and instead reports the Cin measurement as the total of all 

particles detected in the air sampled from inside a facepiece. This measurement includes 

particles derived from true face seal leakage, as well as extraneous particles arising from 

filter penetration and the wearer’s exhaled breath. Numerous studies have discussed this 

issue, and it has been estimated that particles in the wearer’s breath can range from  <0.1 

to 4 particles / cm3 [17][18]. Although particle-classifiers such as TSI’s N95 technology 

allow quantitative fit testing of facepieces with filters of less than 99% efficiency, all 

aerosol-based quantitative methods suffer from under-reporting of QNFF values due to 

counting of extraneous particles. 

During the shortened fit test study, several measures were taken to reduce the impact of 

extraneous particles on the resulting QNFF measurements: 

- Tests were conducted using high-filtering efficiency FFP3 respirators to minimise 

particle penetration through the filtering material.  

- The ambient particle concentration was maintained above 3,000 particles / cm3 to 

minimise the effects of wearer-generated particles. 

- Wearers were asked to refrain from smoking, eating, drinking, and vaping for 60 

minutes prior to commencement of the fit test. 

Despite these measures, it is likely that some in-mask particles will have derived from 

sources other than face seal leakage, and that these will have been detected by the 

Portacount. It must therefore be assumed that the Cin concentration measurement will be 
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biased high and hence the reported QNFF value will be biased low. This means that the 

true face seal leakage will be higher than reported, and hence the true QNFF values will 

be closer to the required fit factor value. Any comparative fit tests conducted by the QLFT 

method should therefore have been less likely to result in a failure. The impact of the 

errors reported in this study may therefore have been an underestimate of true impact, 

adding further weight to their importance in determining the effects of human errors.  
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7.6 Suggestions for future research 

By extending the understanding of QLFT to include the impacts of human errors, this 

thesis opens several avenues for new research in this field.  The first direction of research 

may be to complement the outcomes of this thesis through additional real-world 

observational studies of QLFT fit testers to further examine human errors. A deeper 

understanding of the drivers for human errors could be gained through studies which 

examine the behaviour of fit testers, including their learning and motivational patterns. 

Research into awareness and understanding of human errors amongst fit testers would 

provide additional information about the risks in workplace fit testing and support the call 

for further guidance in this area. Such studies may also seek to better understand the 

effects of increased time and work pressure upon a fit tester’s role, and how these 

additional demands impact the fit tester’s behaviour. The unprecedented increase in the 

use and fit testing of FFP3 respirators during the Covid-19 pandemic potentially may 

provide a new and large source of data, especially in healthcare settings. At a governance 

level, data gathered by healthcare providers may provide information on the hierarchy of 

management as well as the supervision and training requirements of an in-house fit testing 

programme in these settings. At a workplace protection level, gaining permission from 

the Department of Health to access to data regarding workplace Covid-19 infection 

prevention would allow researchers to estimate the efficacy of workplace fit testing 

programmes. 

A second avenue for new research would be to address the area of subjectivity in QLFT. 

The highly subjective nature of the QLFT method is well-documented and a number of 

researchers have reported false response rates to a water placebo [19][20]. The use of a 

water placebo as a pre-qualifying stage to the sensitivity test was included as part of the 

original validation of the protocol and has further been recommended by a number of 

researchers in this field but has yet to gain any traction into guidance or best practice 

advice [5]. Anecdotal evidence from fit testers within the healthcare sector during the 

SARS-CoV-2 pandemic has indicated a low-confidence in the wearer’s reporting of taste 

response, with attempts to ‘cheat’ the outcome of the test [21]. Research into the 

effectiveness of including a water placebo as part of the QLFT protocol would provide 

greater confidence in the method and help to mitigate errors for which engineering 

controls are more difficult, for example assuring the wearer’s clear palate. This additional 
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step is likely to have minimal time and financial impact but would serve to make the 

QLFT method more reliable and less subjective. An additional avenue for research into 

subjectivity in QLFT would be to investigate the psychological factors associated with 

taste detection. This research would provide a foundation for better understanding the 

complexity of factors that affect the human taste response in QLFT. Research is needed 

to understand the wide range of human sensitivity levels, taste fatigue, voluntary and 

involuntary responses, and pressures of time or employment. 

The third area for new research stemming from this thesis is innovation in QLFT design. 

The equipment used for QLFT is rudimentary in design, requires extensive manual input 

and lacks proper engineering controls – all of which leave this method very vulnerable to 

human errors. As a result, new research into innovative aerosol delivery and containment 

methods would be welcome and would serve to control errors at source, making this 

method more robust for workplace use. In addition, innovative methods of solving the 

earlier-discussed problems of subjectivity are urgently needed. This could perhaps be 

achieved through the use of new challenge agents which are detectable by non-human 

methods such as colour-change indicators or simple electronic sensors. Research would 

be needed to verify the efficacy of any new equipment, challenge agents or detectors 

proposed, and this may require a full re-validation against the criteria set out by the 

American National Standards Institute (ANSI) in ANSI Z88.10 [22]. 
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8 Appendices 

8.1 Appendices A-N 

Appendix A Keyword combinations for themes 

 

Keywords Combination 

 
Theme 1 

qualitative fit test* respirator beta 

Bitrex fit test* respirator false 

saccharin fit test* respirator error 

respirator face seal leakage sensitiv* 
  

 
Theme 2 

qualitative fit test* respirator detect* 

Bitrex fit test* respirator subjectiv* 

saccharin fit test* respirator placebo 

respirator face seal leakage threshold 

 taste 

 wearer 

 
 

 Theme 3 

qualitative fit test* respirator operat* 

Bitrex fit test* respirator Human error 

saccharin fit test* respirator application 

respirator face seal leakage work 

 healthcare 

 industry  

Table A-1 Keyword combinations for literature survey themes 

Notes: Themes: 1) Statistical errors inherent in the QLFT protocol, 2) errors arising from the 

subjective nature of the QLFT method, 3) human errors in the real-world application of the QLFT 

method.  
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Appendix B Fit2Fit Criteria referencing 

 

Fit2Fit 

ref. 

[1] 

Fit2Fit assessment criteria 

HSE 

INDG479 

[2] 

Fit2Fit 

QLFT 

[3] 

 Section 1: Ensure suitability of facilities   

1a Ensure room and facilities provided are suitable for the test, why? H30 F7 

    

 
Section 2: Preliminary actions prior to performing a qualitative 

fit test 
  

2a Preparing the hood. Checks hood for condition and suitability H66 F13 

2b Fills the nebulizers with the correct solutions and checks volume H30 F14 

2c Checking nebuliser functioning H70 F14 

    

 
Section 3: Brief wearer on purpose of fit testing and test 

exercises 
  

3a Explains the purpose of fit testing H42 F14 

3b Explains the fit test exercises and procedure H71 F15 

    

 
Section 4: Examine the facepiece for suitability prior to fit 

testing 
  

4a(f) FFP: Visually verify condition of straps, facepiece and valves H37 F11 

4b(f) FFP: Identify make, model, size and classification H37 F11 

4a(h) Half Mask:  Ensure particle filters are correctly fitted H37 F11 

4b(h) Half Mask: Visually verify condition of straps, facepiece and valves H37 F11 

4c Half Mask: Identify make, model, size and classification H37 F11 

    

 
Section 5: Confirm the wearer has presented themselves as 

required 
  

5a Confirms wearer is clean shaven H45 F8 

5b 
Confirms wearer has not smoked, eaten, drunk for the required 

period 
H43 F12 

5c Questions the wearer about the use of other PPE. H44 F11 

5d Takes appropriate action to the response of the wearer to above H44 F11 
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 Section 6: Conduct sensitivity test   

6a Position hood correctly, sensitivity test H67 F13 

6b Instruct wearer to breathe through mouth and indicate taste H68 F14 

6c Verify correct function of nebuliser before sensitivity test H67 F14 

6d Administers solution and count squeezes H68 F13 

6e Takes appropriate corrective actions (where applicable) H68 F13 

6f Advises wearer to rinse mouth and clean face after sensitivity test H69 F13 

6g Explains the fit test exercises and procedure H71 F15 

    

 Section 7: Recognise wearer related factors prior to a fit test   

7a 
Demonstrates correct method of donning an RPD including a fit 

check 
H48 F10 

7b Observes the wearer don the facepiece and examines the fit H49 F10 

7c Ensures fit check is performed H11 F10 

7d Identifies a poorly fitting or fitted respiratory protective device H48 F10 

7e Apply corrective actions for a poorly fitted RPD H48 F10 

    

 Section 8: Conduct fit test   

8a Verify palette is clear of taste H69 F12 

8b Position hood correctly, fit test H67 F13 

8c Instruct wearer to breathe through their mouth. H68 F3 

8d Administer solution as per sensitivity level H68 F13 

8e Note time/start stopwatch H30 F19 

8f Maintains control of the wearer during the test H71 F15 

8g 
Monitors wearer and equipment to ensure protocol as HSE 

INDG479 
H71 F15 

8h 
Ensures exercises are completed to standard set out in HSE 

INDG479 
H76 F19 

8i Administer top-ups correctly throughout test. H30 F19 

8j Verify correct function of nebuliser during the test H70 F14 

    

 Section 9.1: Response if tasted (i.e., a fail)   

9.1a Look for obvious leaks following failed fit test H30 F16 

9.1b Record fit test result, details of the RPD and advise the wearer H26 F16 

9.1c Advise to rinse mouth and clean face H43 F16 

9.1d Re-Inspect RPD following failed fit test H37 F16 

9.1e Repeat test sensitivity Test H69 F16 

9.1f Repeat test process in full, including all exercises H69 F16 
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 Section 9.2: Response if nothing tasted (i.e., a Pass)   

9.2a Record fit test result, details of the RPD, and advise the wearer H26 F18 

9.2b Advise wearer of result, implications and limitations H73 F17 

    

 Section 10: Post Fit Test procedures   

10a Clean Hood H67 F16 

10b Dispose of solutions H67 F16 

10c Rinse and clean nebulisers H67 F16 

Table B-1 Fit2Fit assessment criteria referenced against HSE INDG479 and Fit2Fit 

qualitative companion 

Notes: ‘Fit2Fit ref’ is the criteria used in British Safety Industry Federation Fit2Fit scheme 

practical qualitative assessment papers [1]. ‘Fit2Fit QLFT’ is the Fit2Fit Qualitative companion 

[2]. HSE INDG479 [3].  
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Appendix C Sources of error during Fit2Fit QLFT practical 

assessments, 2009 – 2019 

 

Fit2Fit 

ref. [1] 
Fit2Fit Assessment Criteria % (n) 

 Section 1: Ensure suitability of facilities  

1a Ensure room and facilities provided are suitable for the test, and why? 8.6 (55) 

   

 
Section 2: Preliminary actions prior to performing a qualitative fit 

test 
 

2a Preparing the hood. Checks hood for condition and suitability 2.8 (18) 

2b Fills the nebulizers with the correct solutions and checks volume 2.5 (16) 

2c Checking nebuliser functioning 13.3 (85) 

   

 Section 3: Brief wearer on purpose of fit testing and test exercises  

3a Explains the purpose of fit testing 20.3 (130) 

3b Explains the fit test exercises and procedure 19.1 (122) 

   

 Section 4: Examine the facepiece for suitability prior to fit testing  

4a(f) FFP: Visually verify condition of straps, facepiece and valves 8.6 (55) 

4b(f) FFP: Identify make, model, size and classification 8.1 (52) 

4a(h) Half Mask:  Ensure particle filters are correctly fitted 18.0 (115) 

4b(h) Half Mask: Visually verify condition of straps, facepiece and valves 17.5 (112) 

4c Half Mask: Identify make, model, size and classification 10.6 (68) 

   

 Section 5: Confirm the wearer has presented themselves as required  

5a Confirms wearer is clean shaven 6.1 (39) 

5b Confirms wearer has not smoked, eaten, drunk for the required period 12.1 (77) 

5c Questions the wearer about the use of other PPE. 24.4 (156) 

5d Takes appropriate action to the response of the wearer to above 6.1 (39) 

   

 Section 6: Conduct sensitivity test  

6a Position hood correctly, sensitivity test 5.9 (38) 

6b Instruct wearer to breathe through mouth and indicate taste 8.3 (53) 

6c Verify correct function of nebuliser before sensitivity test 12.7 (81) 

6d Administers solution and count squeezes 7.2 (46) 

6e Takes appropriate corrective actions (where applicable) 3.8 (24) 

6f Advises wearer to rinse mouth and clean face after sensitivity test 24.3 (155) 

6g Explains the fit test exercises and procedure 13.1 (84) 
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 Section 7: Recognise wearer related factors prior to a fit test  

7a Demonstrates correct method of donning an RPD including a fit check 31.3 (200) 

7b Observes the wearer don the facepiece and examines the fit 5.9 (38) 

7c Ensures fit check is performed 32.2 (206) 

7d Identifies a poorly fitting or fitted respiratory protective device 9.5 (61) 

7e 

 
 

Apply corrective actions for a poorly fitted RPD 

 
 

7.8 (50) 

 
 

 Section 8: Conduct fit test   

8a Verify palette is clear of taste 21.0 (134) 

8b Position hood correctly, fit test 4.9 (31) 

8c Instruct wearer to breathe through their mouth. 10.6 (68) 

8d Administer solution as per sensitivity level 18.2 (116) 

8e Note time/start stopwatch 12.8 (82) 

8f Maintains control of the wearer during the test 9.2 (59) 

8g Monitors wearer and equipment to ensure protocol as HSE INDG479 10.0 (64) 

8h Ensures exercises are completed to standard set out in HSE INDG479 9.5 (61) 

8i Administer top-ups correctly throughout test. 17.4 (111) 

8j Verify correct function of nebuliser during the test 25.2 (161) 

     

 Section 9.1: Response if tasted (i.e., a fail)   

9.1a Look for obvious leaks following failed fit test 11.6 (74) 

9.1b Record fit test result, details of the RPD and advise the wearer 11.1 (71) 

9.1c Advise to rinse mouth and clean face 11.7 (75) 

9.1d Re-Inspect RPD following failed fit test 4.1 (26) 

9.1e Repeat test sensitivity Test 23.2 (148) 

9.1f Repeat test process in full, including all exercises 1.4 (9) 

     

 Section 9.2: Response if nothing tasted (i.e., a Pass)   

9.2a Record fit test result, details of the RPD, and advise the wearer 12.2 (78) 

9.2b Advise wearer of result, implications, and limitations 5.5 (35) 

     

  Section 10: Post Fit Test procedures   

10a Clean Hood 0.5 (3) 

10b Dispose of solutions 0.3 (2) 

10c Rinse and clean nebulisers 0.2 (1) 

Table C-1 Sources of error during Fit2Fit QLFT practical assessments, 2009 – 2019 

Notes: N = 639. % (n) = percentage (number) of assessment papers that recorded an error.   
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Appendix D Theoretical impacts of errors for Fit2Fit QLFT 

practical assessment criteria 

 

Fit2Fit 

ref. [1] 

Fit2Fit practical 

assessment criteria 

[1] 

Error scenario Reasoning 

Key 

principle 

affected 

Impact 

  Ensure suitability of facilities 

1a 

Ensure room and 

facilities provided are 

suitable for the test, 

and why? 

Room poorly 

ventilated (B,F) 

Challenge agent present in 

the test environment, 

wearer's palate is not clear 

of taste before start of test.  

1 Y 

  Preliminary actions prior to performing a qualitative fit test 

2a 

Preparing the hood. 

Checks hood for 

condition and 

suitability 

Hood damaged / 

unsuitable (H,B,F,M) 

Hood is too large / leaky, 

challenge aerosol therefore 

is not properly contained.  

3 Y 

2b 

Fills the nebulisers 

with the correct 

solutions and checks 

volume 

Fit test nebuliser filled 

with sensitivity 

solution (H,B,F,M) 

Sensitivity solution used for 

the fit test, facepiece is not 

properly challenged.  

2 Y 

Sensitivity nebuliser 

filled with fit test 

solution 

Wearer experiences a very 

strong taste immediately; 

test is void and must be 

repeated.  

  N 

Fit test nebuliser 

under-filled 

(H,B,F,M) 

Fit test nebuliser fill volume 

too low, nebuliser function 

is affected resulting in low 

challenge aerosol 

concentration.  

2 Y 

2c 
Checking nebuliser 

functioning 

Sensitivity nebuliser 

clogged 

Sensitivity nebuliser 

function is affected, 

sensitivity threshold is 

reported high. Challenge 

aerosol concentration too 

high at fit test.  

  N* 

Sensitivity nebuliser 

bottom bung not 

removed 

Sensitivity nebuliser 

function is affected, 

sensitivity threshold is 

reported high. Challenge 

aerosol concentration too 

high at fit test.  

  N* 

Sensitivity nebuliser 

Venturi mis-seated 

Sensitivity nebuliser 

function is affected, 

sensitivity threshold is 

reported high. Challenge 

aerosol concentration too 

high at fit test.  

  N* 

Fit test nebuliser 

clogged (H,B,F) 

Fit test nebuliser function is 

affected, challenge aerosol 

concentration is too low. 

2 Y 

Fit test nebuliser 

bottom bung not 

removed (F,M) 

Fit test nebuliser function is 

affected, challenge aerosol 

concentration is too low.  

2 Y 

Fit test nebuliser 

Venturi mis-seated 

(O) 

Fit test nebuliser function is 

affected, challenge aerosol 

concentration is too low.  

2 Y 
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  Brief wearer on purpose of fit testing and test exercises 

3a 
Explains the purpose 

of fit testing 

Purpose of test not 

explained to wearer 

Wearer does not understand 

the importance of fit testing. 
  N 

3b 

Explains the fit test 

exercises and 

procedure 

Exercises / procedure 

not explained to 

wearer 

Wearer does not understand 

the test procedure and need 

to conduct exercises 

correctly.  

  N 

  Examine the facepiece for suitability prior to fit testing 

4a(f) 

FFP: Visually verify 

condition of straps, 

facepiece and valves 

FFP not visually 

checked 

Faulty or poorly maintained 

respirator. Leakage through 

components leading to a fit 

test fail.  

  N 

4b(f) 

FFP: Identify make, 

model, size and 

classification 

FFP misidentified 
Incorrect facepiece details 

recorded 
  N 

4a(h) 

Half Mask: Ensure 

particle filters are 

correctly fitted 

Incorrect filters fitted 

to half mask 

Gas / vapour filters used 

instead of particulate filters. 

Leakage through filters 

leading to a fit test fail.  

  N 

4b(h) 

Half Mask: Visually 

verify condition of 

straps, facepiece and 

valves 

Half mask not visually 

checked 

Faulty or poorly maintained 

respirator. Leakage through 

components leading to a fit 

test fail.  

  N 

4c 

Half Mask: Identify 

make, model, size and 

classification 

Half mask 

misidentified 

Incorrect facepiece details 

recorded 
  N 

  Confirm the wearer has presented themselves as required 

5a 
Confirms wearer is 

clean shaven 

Wearer is not clean 

shaven 

RPD does not seal 

adequately to wearer's face, 

face seal leakage leading to 

a fit test fail.  

  N 

5b 

Confirms wearer has 

not smoked, eaten, 

drunk for the required 

period 

  

Wearer has smoked, 

eaten or drunk before 

test (H,B,F,M) 

Wearer's palate is not clear 

of taste before the start of 

the test.  

1 Y 

5c 

Questions the wearer 

about the use of other 

PPE. 

Wearer not questioned 

about use of other PPE 

Other PPE may interfere 

with fit leading to a fit test 

fail. 

  N 

5d 

Takes appropriate 

action to the response 

of the wearer to 

above  

Appropriate action not 

taken in response 

Appropriate action not taken 

in response 
  N 

  Conduct sensitivity test 

6a 

Position hood 

correctly, sensitivity 

test 

Hood positioned 

incorrectly 

Sensitivity aerosol not 

properly contained; 

sensitivity threshold is 

reported high. Challenge 

aerosol concentration too 

high at fit test. 

  N* 

6b 

Instruct wearer to 

breathe through 

mouth and indicate 

taste 

Wearer not instructed 

to breathe through 

mouth 

Sensitivity threshold is 

reported high. Challenge 

aerosol concentration too 

high at fit test. 

  N* 

Wearer not instructed 

to indicate detection of 

taste 

Sensitivity threshold is 

reported high. Challenge 

aerosol concentration too 

high at fit test. 

  N* 
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6c 

Verify correct 

function of nebuliser 

before sensitivity test 

Sensitivity nebuliser 

blocked / poorly 

functioning 

Sensitivity nebuliser 

function is affected, 

sensitivity threshold is 

reported high, challenge 

aerosol concentration too 

high at fit test. 

  N* 

6d 
Administers solution 

and count squeezes 

Sensitivity level 

reported low,   fit test 

solution under-

administered 

(H,B,F,M) 

Sensitivity threshold is 

reported low. Challenge 

aerosol concentration too 

low. 

2 Y 

Sensitivity solution 

administered / counted 

high 

Sensitivity threshold is 

reported high. Challenge 

aerosol concentration too 

high at fit test. 

  N* 

Sensitivity nebuliser 

not actuated with full 

squeezes 

Sensitivity threshold is 

reported high. Challenge 

aerosol concentration too 

high at fit test. 

  N* 

6e 

Takes appropriate 

corrective actions 

(where applicable) 

Appropriate corrective 

action not taken 

Appropriate corrective 

action not taken 
  N 

6f 

Advises wearer to 

rinse mouth and clean 

face after sensitivity 

test 

Wearer not advised to 

rinse mouth / clean 

face (H,B,F,M) 

Wearer's palate is not clear 

of taste before the start of 

the test. 

1 Y 

6g 

Explains the fit test 

exercises and 

procedure 

Exercises / procedure 

not explained to 

wearer 

Wearer does not understand 

the test procedure and need 

to conduct exercises 

correctly. 

  N 

  Recognises wearer related factors prior to carrying out a fit test 

7a 

Demonstrates correct 

method of donning an 

RPD including a fit 

check 

RPD donning not 

properly demonstrated 

Facepiece donned 

incorrectly, face seal 

leakage leading to fit test 

fail. 

  N 

7b 

Observes the wearer 

don the facepiece and 

examines the fit 

Donning not observed 

Facepiece donned 

incorrectly, face seal 

leakage leading to fit test 

fail. 

  N 

7c 
Ensures fit check is 

performed 

Fit Check not 

performed 

Facepiece donned 

incorrectly, face seal 

leakage leading to fit test 

fail. 

  N 

7d 

Identifies a poorly 

fitting or fitted 

respiratory protective 

device 

Poorly fitting 

facepiece not 

identified 

Facepiece donned 

incorrectly, face seal 

leakage leading to fit test 

fail. 

  N 

7e 

Apply corrective 

actions for a poorly 

fitted RPD 

Corrective actions not 

taken 

Facepiece donned 

incorrectly, face seal 

leakage leading to fit test 

fail. 

  N 

  Conduct fit test 

8a 
Verify palette is clear 

of taste 

Clear palate not 

verified (H,B,F,M) 

Wearer's palate is not clear 

of taste before the start of 

the test. 

1 Y 

8b 
Position hood 

correctly, fit test 

Hood positioned 

incorrectly (H,B,F,M) 

Hood leaks, fit test aerosol 

is not properly contained, 

challenge aerosol 

concentration too low.  

3 Y 
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8c 

Instruct wearer to 

breathe through their 

mouth. 

Wearer not instructed 

to breathe through 

mouth (H,B,F,M)  

Wearer unable to taste, 

facepiece leakage is not 

detected. 

1 Y 

8d 
Administer solution 

as per sensitivity level 

Fit test solution under-

administered 

(H,B,F,M) 

Challenge aerosol 

concentration is too low. 
2 Y 

Fit test solution over-

administered 

Challenge aerosol 

concentration is too high. 
  N* 

8e 
Note time/start 

stopwatch 

Fit test timing 

incorrect (H,B,F,M) 

Test time / timing of top up 

puffs too long, challenge 

aerosol concentration is too 

low. 

2 Y 

8f 

Maintains control of 

the wearer during the 

test 

Wearer not controlled 

during fit test 

Uncontrolled talking / 

movement. Increased 

facepiece leakage leading to 

a fit test fail. 

  N 

8g 

Monitors wearer and 

equipment through 

test to ensure correct 

protocol HSE 

INDG479 

Fit test nebuliser 

clogged (H,B,F,M) 

Fit test nebuliser function is 

affected, challenge aerosol 

concentration is too low. 

2 Y 

Fit test nebuliser 

bottom bung not 

removed (F,M) 

Fit test nebuliser function is 

affected, challenge aerosol 

concentration is too low. 

2 Y 

Fit test nebuliser 

Venturi mis-seated 

(O) 

Fit test nebuliser function is 

affected, challenge aerosol 

concentration is too low. 

2 Y 

8h 

Ensures exercises are 

performed & 

completed to standard 

set out in HSE 

INDG479 

Exercises / procedure 

not conducted 

correctly 

Wearer does not understand 

the test procedure and need 

to conduct exercises 

correctly. 

  N 

8i 

Administer top-ups 

correctly throughout 

test. 

Fit test solution under-

administered 

(H,B,F,M) 

Challenge aerosol 

concentration is too low. 
2 Y 

Number of top up 

squeezes too high 

Challenge aerosol 

concentration is too high. 
  N* 

Fit test nebuliser not 

upright (H,B,F,M) 

Challenge aerosol 

concentration is too low. 
2 Y 

8j 

Verify correct 

function of nebuliser 

during the test 

Fit test nebuliser 

clogged (H,B,F,M) 

Fit test nebuliser function is 

affected, challenge aerosol 

concentration is too low. 

2 Y 

Fit test nebuliser 

bottom bung not 

removed (F,M) 

Fit test nebuliser function is 

affected, challenge aerosol 

concentration is too low. 

2 Y 

Fit test nebuliser 

Venturi mis-seated 

(O) 

Fit test nebuliser function is 

affected, challenge aerosol 

concentration is too low. 

2 Y 

Fit test nebuliser not 

actuated with full 

squeezes (H,B,F) 

Fit test nebuliser function is 

affected, challenge aerosol 

concentration is too low. 

2 Y 
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  Response if tasted (i.e., a fail)     

9.1a 

Look for obvious 

leaks following a 

failed fit test 

Leaks not visually 

checked following 

failed fit test 

Facepiece donned 

incorrectly, face seal 

leakage leading to fit test 

fail. 

  N 

9.1b 

Record the fit test 

result, details of the 

RPD and advise the 

wearer 

Poor / limited 

recording of data 
Incorrect / missing data   N 

9.1c 
Advise to rinse mouth 

and clean face 

Wearer not advised to 

rinse mouth / clean 

face (H,B,F,M) 

Wearer's palate is not clear 

of taste before the start of a 

new test. 

1 Y 

9.1d 

Re-Inspect RPD 

following a failed fit 

test 

RPD not re-inspected 

following failed fit test 

Faulty or poorly maintained 

respirator. Leakage through 

components leading to a fit 

test fail. 

  N 

9.1e 
Repeat test sensitivity 

Test 

Sensitivity test not 

repeated (H,B,F,M) 

Wearer's palate is not clear 

of taste before the start of 

the test. 

1 Y 

9.1f 

Repeat test process in 

full, including all 

exercises 

Fit test not repeated in 

full 

Fit test not conducted as 

INDG479 
  N 

  Response if nothing tasted (i.e., a Pass)     

9.2a 

Record the result, 

including details of 

the RPD, wearer and 

other PPE 

Poor / limited 

recording of data 
Incorrect / missing data   N 

9.2b 

Advise the wearer of 

the result, 

implications and 

limitations 

Wearer not advised of 

result, implications 

and limitations 

Use of incorrect facepiece / 

need for new fit test. 
  N 

  Post Fit Test procedures   

10a Clean Hood 
Hood not cleaned 

(H,B,F,M) 

Wearer's palate is not clear 

of taste before the start of 

the test. 

1 Y 

10b Dispose of Solutions 
Solutions not 

discarded 
Solutions contaminated.   N 

10c 
Rinse & Clean 

nebulisers. 

Fit test nebuliser 

clogged (H,B,F,M) 

Fit test nebuliser function is 

affected, challenge aerosol 

concentration is too low. 

2 Y 

Table D-1 Theoretical impacts of errors for Fit2Fit QLFT practical assessment criteria 

Notes: Letters shown in parentheses indicate source of reference, H = HSE INDG479 [3], B = BS 

ISO 16975-3 [4], F = Fit2Fit Qualitative Companion [2], M = 3M FT30 user instruction [5], O = 

Other information supplied by manufacturer [6]. Key principles: 1) a sensitivity check to assure 

that the respirator wearer is able to taste a low level of saccharin should a leakage occur; 2) 

procedures to assure that the aerosol is generated in a consistent and controlled manner; 3) steps 

to assure that the test atmosphere is contained around the respirator and is controlled [7]. Impact: 

Y = theoretical impact on fit test outcome that may lead to a false pass, N = no theoretical potential 

for a false pass, N* = no theoretical potential for a false pass but may lead to false fail.  
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Appendix E Theoretical impacts of errors applied to results of 

real-world study 

 

Fit2Fit 

ref [1] 
Fit2Fit assessment criteria [1] % (n) 

Critical 

Error 

 Section 1: Ensure suitability of facilities    

1a 
Ensure room and facilities provided are suitable for the test, and 

why? 
8.6 (55) 1 

      

 Section 2: Preliminary actions prior to performing a qualitative 

fit test 
   

2a Preparing the hood. Checks hood for condition and suitability 2.8 (18) 3 

2b Fills the nebulizers with the correct solutions and checks volume 2.5 (16) 2 

2c Checking nebuliser functioning 13.3 (85) 2 

      

 Section 3: Brief wearer on purpose of fit testing and test 

exercises 
   

3a Explains the purpose of fit testing 20.3 (130)  

3b Explains the fit test exercises and procedure 19.1 (122)  

      

 Section 4: Examine the facepiece for suitability prior to fit 

testing 
   

4a(f) FFP: Visually verify condition of straps, facepiece and valves 8.6 (55)  

4b(f) FFP: Identify make, model, size and classification 8.1 (52)  

4a(h) Half Mask:  Ensure particle filters are correctly fitted 18.0 (115)  

4b(h) 
Half Mask: Visually verify condition of straps, facepiece and 

valves 
17.5 (112)  

4c Half Mask: Identify make, model, size and classification 10.6 (68)  

      

 Section 5: Confirm the wearer has presented themselves as 

required 
   

5a Confirms wearer is clean shaven 6.1 (39)  

5b 
Confirms wearer has not smoked, eaten, drunk for the required 

period 
12.1 (77) 1 

5c Questions the wearer about the use of other PPE. 24.4 (156)  

5d Takes appropriate action to the response of the wearer to above 6.1 (39)  

      

 Section 6: Conduct sensitivity test    

6a Position hood correctly, sensitivity test 5.9 (38)  

6b Instruct wearer to breathe through mouth and indicate taste 8.3 (53)  

6c Verify correct function of nebuliser before sensitivity test 12.7 (81)  

6d Administers solution and count squeezes 7.2 (46) 2 

6e Takes appropriate corrective actions (where applicable) 3.8 (24)  

6f Advises wearer to rinse mouth and clean face after sensitivity test 24.3 (155) 1 

6g Explains the fit test exercises and procedure 13.1 (84)  
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 Section 7: Recognise wearer related factors prior to a fit test    

7a 
Demonstrates correct method of donning an RPD including a fit 

check 
31.3 (200)  

7b Observes the wearer don the facepiece and examines the fit 5.9 (38)  

7c Ensures fit check is performed 32.2 (206)  

7d Identifies a poorly fitting or fitted respiratory protective device 9.5 (61)  

7e Apply corrective actions for a poorly fitted RPD 7.8 (50)  

      

 Section 8: Conduct fit test    

8a Verify palette is clear of taste 21.0 (134) 1 

8b Position hood correctly, fit test 4.9 (31) 3 

8c Instruct wearer to breathe through their mouth. 10.6 (68) 1 

8d Administer solution as per sensitivity level 18.2 (116) 2 

8e Note time/start stopwatch 12.8 (82) 2 

8f Maintains control of the wearer during the test 9.2 (59)  

8g 
Monitors wearer and equipment to ensure protocol as HSE 

INDG479 
10.0 (64) 2 

8h 
Ensures exercises are completed to standard set out in HSE 

INDG479 
9.5 (61)  

8i Administer top-ups correctly throughout test. 17.4 (111) 2 

8j Verify correct function of nebuliser during the test 25.2 (161) 2 

      

 Section 9.1: Response if tasted (i.e., a fail)    

9.1a Look for obvious leaks following failed fit test 11.6 (74)  

9.1b Record fit test result, details of the RPD and advise the wearer 11.1 (71)  

9.1c Advise to rinse mouth and clean face 11.7 (75) 1 

9.1d Re-Inspect RPD following failed fit test 4.1 (26)  

9.1e Repeat test sensitivity Test 23.2 (148) 1 

9.1f Repeat test process in full, including all exercises 1.4 (9)  

      

 Section 9.2: Response if nothing tasted (i.e., a Pass)    

9.2a Record fit test result, details of the RPD, and advise the wearer 12.2 (78)  

9.2b Advise wearer of result, implications and limitations 5.5 (35)  

      

  Section 10: Post Fit Test procedures    

10a Clean Hood 0.5 (3) 1 

10b Dispose of solutions 0.3 (2)  

10c Rinse and clean nebulisers 0.2 (1) 2 

Table E-1 Theoretical impacts of errors applied to results of real-world study 

Notes: N = 639. % (n) = percentage (number) of fit testers that made an error against each criterion. Key 

principles: 1) a sensitivity check to assure that the respirator wearer is able to taste a low level of saccharin 

should a leakage occur; 2) procedures to assure that the aerosol is generated in a consistent and controlled 

manner; 3) steps to assure that the test atmosphere is contained around the respirator and is controlled [7].  
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Appendix F Anatomy of BS ISO 16975-3 qualitative fit test 

nebuliser 

 

Figure F-1 Anatomy of BS ISO 16975-3 qualitative fit test nebuliser 
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Appendix G Informed consent form 

 

Title of the project:  Human errors in qualitative fit testing 

Name of the researcher:  Karen Long 

Researcher’s contact details: karen.long@cranfield.ac.uk 

Participant number: 
                                                                  

(assigned randomly) 

Date:  

 

Part 1: Participation and withdraw 

 

1. I confirm that I have been informed about this research project and I agree to take part. 

2. I understand that all personal information I provide will be treated with confidence and my 

name will not be used in any report, publication, or presentation. 

3. I have been provided with a participant number as shown above. The researcher(s) will 

record data against my participant number instead of recording my name. The file linking 

my name to my participant number will be accessible only to the main researchers and will 

be securely destroyed after two years. 

4. I understand that I can withdraw from this project at any stage by informing a member of 

the research team, for whom contact details have been provided. I also understand that I can 

withdraw my data for a period of up to two years from today, as after this time it will not be 

possible to identify my individual data from the aggregated results as explained in point 3. 

 

Part 2: Data security 

 

• I understand that the data I provide will be used by Cranfield University for the purpose 

of research. The data will be stored on the University’s network that can only be accessed 

by authorised users, in line with UK Data Protection Act 2018. Data will also be stored 

off network on a local computer, secured via password protection. 

 

Part 3: Use of data 

 

• Anonymised fit test data will be securely stored on the Cranfield University network and 

a local computer as csv files. These files will be securely deleted as soon as they are no 

longer required. 

• Analytical software will be used to aggregate the results of the research and every 

reasonable step will be taken to anonymise the data. 

 

I understand that the aggregated data will be published in support of the research findings. 

 

I confirm that I have read and understand the information provided on this form and give 

my consent to taking part in this research. 

 

Participant’s signature:  Date:  

Participant’s name:  

Researcher’s signature:  Date:  

One copy of this form must be given to the participant and one copy held by the researcher.  
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Outline of the study 

 

This study will investigate whether the results of qualitative fit tests are affected by faults in the 

set up and use fit testing equipment.  

 

Fit testing is a requirement for all workers that need to wear disposable, half or full-face masks. 

This study will use only the disposable (FFP3) type of mask which is typically worn by workers 

in construction, industry, and healthcare. The fit tests conducted in this study will be operated by 

a trained, competent fit tester who is accredited to the British Safety Industry Federation (BSIF) 

Fit2Fit scheme. Further details about this accreditation scheme can be found here: www.fit2fit.org  

 

The procedure used in this study is a shortened version of the protocol which is provided by the 

Health and Safety Executive (HSE). Further details about the HSE protocol can be found here: 

https://www.hse.gov.uk/pubns/indg479.pdf 

 

Precautions will be taken to prevent the transmission of the Covid-19 virus using the protocol 

set out by HSE which can be found here: https://www.hse.gov.uk/coronavirus/ppe-face-

masks/face-mask-ppe-rpe.htm#minimisetherisk 

 

 

What you can expect 

 

• You will be asked to read this document which provides an outline of the study, and 

then sign the consent form to indicate your understanding and willingness to participate 

if you are happy to proceed. 

 

• The fit tester will provide a verbal description of the purpose, scope and procedure of 

the study. You will have the opportunity to ask any questions you may have. 

 

• You will undergo a sensitivity screening test to check your level of taste response to a 

bitter-tasting spray containing a very diluted solution of Bitrex. You will be asked to 

wipe your face and have a drink of water to remove any residual taste. 

 

• You will be provided with a new, clean disposable FFP3 mask and given instruction on 

how to correctly don and check the mask for fit. 

 

• The fit tester will measure the amount of leakage through the mask in a two-minute 

period. You may remain seated or standing, but you will be asked not to talk or adjust 

your mask during this period. 

 

• You will be asked to put on a large hood which will rest comfortably on your shoulders. 

 

• The fit tester will conduct a series of tests using a spray, and you should indicate 

immediately if you are able to detect the taste of the spray. The fit tester will ask you to 

breathe through your mouth at all times, with your tongue extended. 

 

• After each test, you will be asked to remove and discard the FFP3 mask and have a 

drink of water to ensure that you have no residual taste. 

 

• You must inform the fit tester immediately if you feel unwell during any of the tests. 

 

• You may withdraw from this study at any time.  

http://www.fit2fit.org/
https://www.hse.gov.uk/pubns/indg479.pdf
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Appendix H Results of aerosol mass concentration studies 

 

Test   
Scenario, mass aerosol concentration, PM2.5, mg/m3 

Control 1 2 3 4 5 6 7 8 9 10 11 12 

1 11.80 10.70 11.00 2.78 2.95 7.02 9.17 5.87 12.40 4.82 4.53 4.43 6.38 

2 8.45 11.80 11.50 2.28 5.64 4.66 10.00 6.24 9.14 3.50 4.27 2.75 5.24 

3 12.20 13.60 9.42 2.55 2.36 3.27 9.48 6.12 9.45 4.04 2.96 4.37 6.44 

4 9.11 13.90 13.60 3.20 4.24 3.32 6.64 6.13 9.75 2.27 2.47 2.70 5.82 

5 10.30 10.60 8.13 3.19 3.33 3.58 6.51 6.89 11.20 3.54 2.20 3.56 6.25 

6 11.20 11.60 10.80 2.84 3.51 5.02 5.90 7.23 8.92 2.50 4.63 1.82 4.51 

7 11.60 9.67 8.21 2.05 4.56 4.09 5.83 6.27 10.30 2.34 3.81 2.97 5.70 

8 11.40 10.70 9.44 1.54 4.03 4.07 5.92 7.17 13.20 3.96 2.51 2.79 4.24 

9 9.78 12.10 11.70 1.46 3.59 4.77 6.49 8.07 10.30 3.39 2.98 2.82 4.49 

10 8.75 11.50 9.96 1.57 3.64 5.70 6.92 7.17 10.10 3.44 5.79 2.32 4.99 

11 16.20 11.60 12.60 1.84 5.61 5.16 8.16 9.02 8.96 3.97 5.76 3.28 5.25 

12 17.60 12.90 10.50 2.22 4.26 5.04 6.85 5.72 10.90 2.21 3.47 2.36 4.81 

13 13.90 10.00 10.20 2.01 5.01 5.01 8.21 7.28 9.92 2.22 3.79 2.37 5.08 

14 12.40 9.45 11.70 1.94 3.45 5.47 7.25 8.03 8.53 3.09 3.98 3.55 4.68 

15 9.14 10.80 9.78 1.51 2.62 4.55 8.35 6.89 8.66 3.90 4.12 3.51 4.16 

16 9.45 8.39 13.60 1.96 4.55 3.55 6.09 7.04 9.96 3.39 3.43 3.61 4.75 

17 9.75 12.10 9.38 1.95 4.82 4.69 8.51 7.19 10.10 4.28 3.64 5.38 6.61 

18 11.20 7.69 12.90 1.51 4.45 3.01 8.50 8.38 11.00 1.00 4.45 4.01 5.36 

19 8.92 11.20 10.90 1.96 4.68 5.43 8.62 8.06 7.75 2.60 5.25 4.14 5.79 

20 10.30 10.10 13.50 2.04 4.04 4.65 7.74 7.19 9.69 2.77 4.88 3.97 5.41 

M  11.17 11.02 10.94 2.12 4.07 4.60 7.56 7.10 10.01 3.16 3.95 3.34 5.30 

SD 2.43 1.57 1.69 0.54 0.90 0.97 1.28 0.89 1.30 0.92 1.03 0.88 0.75 

Mdn 10.75 11.00 10.85 1.99 4.14 4.68 7.50 7.17 9.94 3.39 3.90 3.40 5.25 

Skew 1.39 -0.18 0.14 0.78 -0.08 0.38 0.24 0.36 0.77 -0.41 0.12 0.42 0.28 

Table H-1 Results of aerosol mass concentration studies 

Notes: N = 20. Error scenarios: 1) Fit test nebuliser filled with sensitivity solution, 2) Fit test 

nebuliser under-filled, 3) Fit test nebuliser clogged, 4) Fit test nebuliser bottom bung not removed, 

5) Fit test nebuliser Venturi mis-seated, 6) Fit test solution under-administered, 7) Fit test timing 

incorrect, 8) Fit test nebuliser not upright, 9) Fit test nebuliser not upright and under-filled, 10) 

Fit test nebuliser not actuated with full squeezes, 11) Hood damaged / unsuitable, 12) Hood 

positioned incorrectly. 
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Appendix I Results of shortened fit test studies 

 

Table I-1 Results of shortened fit test studies 

Notes: QNFF is the fit factor measured using a TSI Portacount model 8038 respirator fit tester. QLFT result is the outcome of a qualitative fit test. * denotes that wearer identified taste at 

the Reveal Test. Error scenarios: 1) Fit test nebuliser filled with sensitivity solution, 2) Fit test nebuliser under-filled, 3) Fit test nebuliser clogged, 4) Fit test nebuliser bottom bung not 

removed, 5) Fit test nebuliser Venturi mis-seated, 6) Fit test solution under-administered, 7) Fit test timing incorrect, 8) Fit test nebuliser not upright, 9) Fit test nebuliser not upright and 

under-filled, 10) Fit test nebuliser not actuated with full squeezes, 11) Hood damaged / unsuitable, 12) Hood positioned incorrectly 

Test

QNFF QLFT QNFF QLFT QNFF QLFT QNFF QLFT QNFF QLFT QNFF QLFT QNFF QLFT QNFF QLFT QNFF QLFT QNFF QLFT QNFF QLFT QNFF QLFT QNFF QLFT

1 56 F 62 P* 66 F 68 P 71 P* 84 P 70 P* 75 F 74 F 77 P 69 F 69 F 89 F

2 61 F 66 P* 90 F 77 P 77 F 86 P 73 F 81 F 69 F 65 F 84 P* 86 F 82 P*

3 66 F 64 P* 77 F 61 P 53 F 69 F 66 F 63 F 87 F 72 P 76 P* 84 F 65 P*

4 76 F 88 P* 72 F 80 P 88 F 73 P 57 F 84 P* 80 F 75 P 66 P* 74 P* 76 P

5 72 F 50 P* 68 F 78 P 59 F 70 P* 80 P* 78 F 53 F 89 P 69 P* 67 P* 63 F

6 79 F 92 P* 86 F 73 P 72 P* 86 F 61 P* 62 F 65 F 79 P 88 F 79 F 57 F

7 72 F 59 P* 62 F 60 P 58 F 70 P* 70 F 68 F 90 F 78 P* 83 F 60 F 86 P*

8 81 F 71 P* 49 F 70 P 63 P* 68 P* 52 F 87 P* 81 F 77 P 61 P* 56 F 90 F

9 78 F 90 P* 61 F 75 P 78 P* 60 P 77 F 65 F 53 F 72 F 69 P* 75 F 67 F

10 54 F 58 P* 92 F 66 P 86 F 71 F 86 P* 71 F 71 F 54 P 81 F 93 P* 70 F

11 79 F 73 P* 95 F 61 P 52 P* 92 P* 87 P* 77 F 54 F 73 P* 68 F 53 F 86 F

M 70.4  70.3  74.4  69.9  68.8  75.4  70.8  73.7  70.6  73.7  74.0  72.4  75.5  

SD 9.69  14.14  14.88  7.27  12.69  9.95  11.34  8.57  13.35  8.80  8.80  12.79  11.69

Mdn 72  66  72  70  71  71  70  75  71  75  69  74  76

Skew -0.69  0.48  -0.07  -0.12  0.14  0.37  -0.13  0.04  -0.11  -0.81  0.27  -0.03  -0.18  

126 7 8 9 10 11Control 1 2 3 4 5
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Appendix J Number of applications and timings for control 

scenario and error scenarios Fit test solution under-

administered and Fit test timing incorrect 

 

Time Control Scenario [3] 

Error scenario 

Fit test solution under-

administered 
Fit test timing incorrect 

00:00 10 10 10 

00:15 
   

00:30 5 2 
 

00:45 
  

5 

01:00 5 3 
 

01:15 
   

01:30 5 2 5 

01:45 
   

02:00 5 3 
 

02:15 
  

5 

02:30 5 2 
 

02:45 
   

03:00 5 3 5 

03:15 
   

03:30 5 2 
 

03:45 
  

5 

04:00 5 3 
 

04:15 
   

04:30 5 2 5 

04:45 
   

05:00 5 3 
 

05:15 
  

5 

05:30 5 2 
 

05:45 
   

06:00 5 3 5 

06:15 
   

06:30 5 2 
 

06:45 
  

5 

07:00 Reveal test Reveal test Reveal test 

Total 

applications 

75 42 55 

Table J-1 Number of applications and timings for control scenario and error scenarios Fit 

test solution under-administered and Fit test timing incorrect  
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Appendix K Critical errors identified against key principles 

of the validated QLFT method 

 

Critical error 

ID 

Critical error made by fit tester which may lead to a false 

pass result 

Key principle 

affected 

1 Room poorly ventilated 1 

2 Wearer has smoked, eaten or drunk before test 1 

3 Wearer not advised to rinse mouth / clean face 1 

4 Clear palate not verified (after sensitivity test) 1 

5 Wearer not instructed to breathe through mouth 1 

6 Sensitivity test not repeated (after failed fit test) 1 

7 Hood not cleaned (after fit test) 1 

8 Fit test nebuliser filled with sensitivity solution 2 

9 Fit test nebuliser under-filled 2 

10 Fit test nebuliser clogged 2 

11 Fit test nebuliser bottom bung not removed 2 

12 Fit test nebuliser Venturi mis-seated 2 

13 Fit test solution under-administered 2 

14 Fit test timing incorrect 2 

15 Fit test nebuliser not upright 2 

16 Fit test nebuliser not actuated with full squeezes 2 

17 Hood damaged / unsuitable 3 

18 Hood positioned incorrectly 3 

Table K-1 Critical errors identified against key principles of the validated QLFT method 

Notes: Critical error is an error which has the potential to adversely affect one or more of the key 

method principles. Key principles: 1) a sensitivity check to assure that the respirator wearer is 

able to taste a low level of challenge agent should a leakage occur, 2) procedures to assure that 

the aerosol is generated in a consistent and controlled manner, 3) steps to assure that the test 

atmosphere is contained around the respirator and is controlled [7]. Fit test nebuliser under-filled 

and Fit test nebuliser not upright were assessed through a previous study and results indicate that 

these two errors only have an impact on outcome if made concurrently. Critical error ID = means 

of identification for analysis and discussion within this paper. 
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Appendix L Search terms and key phrases for critical errors 

identified against key principles of the validated QLFT 

method 

 

Critical error Additional search words / terms 

Room poorly ventilated 
environment, ambient, atmosphere, ventilation, 

window, fresh, door, open, air 

Wearer has smoked, eaten or drunk before test 
clear palate, refrain, ingest, inhale, vape, smoking, 

food, drink, taste 

Wearer not advised to rinse mouth / clean face wipe, lips, drink, water, clear, palate, taste 

Clear palate not verified wipe, lips, drink, water, clear, palate, taste 

Wearer not instructed to breathe through mouth tongue, extend, inhale, open, taste 

Sensitivity test not repeated threshold, screening, entire, procedure, taste 

Hood not cleaned wipe, inside, disinfect 

Fit test nebuliser filled with sensitivity solution nebulizer, threshold, screening 

Fit test nebuliser under-filled nebulizer, 2.5ml, ampoule, solution 

Fit test nebuliser clogged nebulizer, block 

Fit test nebuliser bottom bung not removed nebulizer, plug 

Fit test nebuliser Venturi mis-seated nebulizer, atomiser 

Fit test solution under-administered 
nebulizer, nebuliser, top-up, squeezes, actuate, 

actuation 

Fit test timing incorrect stopwatch, time, seconds, minutes 

Fit test nebuliser not upright nebulizer, angle, hold, held, vertical 

Fit test nebuliser not actuated with full squeezes nebulizer, hand, actuate, administer, squeeze 

Hood damaged / unsuitable shape, size, form 

Hood positioned incorrectly collar, front 

Table L-1 Search terms and key phrases for critical errors identified against key principles 

of the validated QLFT method 
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Appendix M Current administrative and engineering controls available to qualitative fit testers 

 

ID 

Key 
Critical mistake 

Administrative resources Engineering resources 

Guidance/Training QLFT user instructions QLFT equipment kit 

IN
D

G
4

7
9
 

[3
] 

F
it

2
F

it
 

C
o

m
p

a
n

io
n

 

[2
] 

T
ra

in
in

g
 

C
o

n
te

n
t 

[8
] Kit 

1 

Kit 

2 

Kit 

3 

Kit 

4 

Kit 

5 

Kit 

6 

Kit 

7 

Kit 

1 

Kit 

2 

Kit 

3 

Kit 

4 

Kit 

5 

Kit 

6 

Kit 

7 

1 Room poorly ventilated X ✓ ✓ X X X X X X X X X X X X X X 

2 Wearer has smoked, eaten or drunk before test ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ X X X X X X X 

3 Wearer not advised to rinse mouth / clean face X X X ✓ X ✓ ✓ ✓ X ✓ X X X X X X X 

4 Clear palate not verified (after sensitivity test) ✓ ✓ ✓ X ✓ ✓ X X ✓ ✓ X X X X X X X 

5 Wearer not instructed to breathe through mouth X ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ X X X X X X X 

6 Sensitivity test not repeated (after failed fit test) X ✓ X ✓ ✓ ✓ ✓ ✓ ✓ ✓ X X X X X X X 

7 Hood not cleaned (after fit test) X ✓ ✓ ✓ ✓ X ✓ X ✓ X X X X X X X X 

8 Fit test nebuliser filled with sensitivity solution X ✓ X ✓ ✓ ✓ X ✓ X ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ 

9 Fit test nebuliser under-filled X ✓ X ✓ X ✓ X ✓ X ✓ ✓ X X X X X X 

10 Fit test nebuliser clogged ✓ ✓ X ✓ ✓ ✓ ✓ ✓ X ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ 

11 Fit test nebuliser bottom bung not removed X ✓ X X ✓ ✓ X X ✓ ✓ X X X X X X X 

12 Fit test nebuliser Venturi mis-seated X X X X ✓ ✓ X X X ✓ X X X X X X X 

13 Fit test solution under-administered X ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ X X X X X X X 

14 Fit test timing incorrect X ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ X X X X X X X 

15 Fit test nebuliser not upright X ✓ X ✓ X ✓ X ✓ X ✓ X X X X X X X 

16 Fit test nebuliser not actuated with full squeezes X X X ✓ ✓ X X ✓ ✓ X X X X X X X X 

17 Hood damaged / unsuitable ✓ ✓ ✓ X X X ✓ X X X X X X X X X X 

18 Hood positioned incorrectly X X X ✓ ✓ ✓ X ✓ ✓ ✓ ✓ X ✓ X ✓ X ✓ 

Table M-1 Current administrative and engineering controls available to qualitative fit testers 

Notes: Key: ✓ = control identified, X = no control identified 
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Appendix N Analysis of engineering controls in QLFT equipment 

 

ID 

Key 
Critical mistake 

QLFT equipment number 
Summary 

1 2 3 4 5 6 7 

8 Fit test nebuliser filled 
with sensitivity 

solution 

Red labelling 
for sensitivity. 

Black 

labelling for 
Fit Test 

Red labelling 
for sensitivity. 

Blue labelling 

for Fit Test  

Red ‘A’ 
labelling for 

sensitivity. 

Blue ‘B’ 
labelling for 

Fit Test 

Red labelling for 
sensitivity. 

Blue labelling 

for Fit Test 

Blue ‘A’ labelling 
for sensitivity. 

Red ‘B’ labelling 

for Fit Test  

Red labelling for 
sensitivity. 

Blue labelling for 

Fit Test 

‘A’ labelling for 
sensitivity. ‘B’ 

labelling for Fit 

Test. 

Inconsistent controls to 

ensure clear labelling and 

differentiation of 

sensitivity / fit test solution 

9 Fit test nebuliser 

under-filled 

Graduated 

markings on 
nebuliser 

- - - - - - Limited controls to aid 

adequate filling of 

nebuliser 

10 Fit test nebuliser 

clogged 

Pin and new 

Venturi 
supplied 

Pin and new 

Venturi 
supplied 

Pin and new 

Venturi 
supplied 

Pin and new 

Venturi supplied 

Pin and new 

Venturi supplied 

Pin and new 

Venturi supplied 

Pin and new 

Venturi supplied 

Pin supplied in all kits to 

removed clogging 

11 Fit test nebuliser 

bottom bung not 
removed 

- - - - - - - No controls to ensure 

removal of bottom bung 

12 Fit test nebuliser 

Venturi mis-seated 

- - - - - - - No controls to ensure 

proper seating of Venturi 

13 Fit test solution under-

administered 

- - - - - - - No controls to aid proper 

administering of fit test 

solution 

14 Fit test timing 
incorrect 

- - - - - - - No controls to assist in 

accurate fit test timings 

15 Fit test nebuliser not 

upright 

- - - - - - - No controls to ensure 

nebuliser is held upright 

during use 

16 Fit test nebuliser not 

actuated with full 

squeezes 

- - - - - - - No controls to ensure fit 

test nebuliser is actuated 

with full squeezes 

17 Hood damaged / 

unsuitable 

- - - - - - - No controls to ensure hood 

is undamaged / suitable 

18 Hood positioned 

incorrectly 

Collar with 

shoulders  

- Collar with 

shoulders 

- Collar with 

shoulders/straps 

- Collar with 

shoulders. 

Limited controls to aid 

correct hood positioning 

Table N-1 Analysis of engineering controls in QLFT equipment 
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