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ABSTRACT 

This thesis is concerned with the use of respiratory protective devices in New Zealand 

industry and the physiological costs the respirator imposes on the wearer. Two cross 

sectional surveys of respirator users were undertaken to determine the extent and 

nature of use or non-use in the working environment and which factors contribute 

most to non-use. Evidence is presented that indicated that non-use is common (50% 

of those surveyed) and that difficulty breathing, thermal discomfort and difficulty 

communicating and seeing were all important reasons for non-use. In addition, it was 

found that respirators are worn for extended lengths of time and that many users 

believe that their work when wearing a respirator was physically demanding. 

Evidence is presented that this is not the case. 

The physical characteristics of respiratory protection in terms of resistance to airflow, 

weights and dead space volumes, were measured in a selection of commonly used 

respirators in NZ industry. It was evident that most pressure-flow relationships were 

below recommended limits for inspiratory and expiratory resistances and that some 

masks in particular, offered little external resistance to breathing. 

The physiological consequences of wearing respirators was examined in a series of 

studies measuring relationships in heart rate, oxygen consumption, ventilation, facial 

skin temperatures and perceived exertion, with and with-out subjects wearing 

respirators and at differing levels of external work. It was found that the respirator 

imposed little physiological strain (in terms of heart rate, gas exchange and minute 

ventilation), but that psycho-physiological sensations (perceived difficulty breathing 

and rated perceived exertion) increased significantly. In addition, increases in facial 

skin temperatures, particularly the lip temperature under the mask when worn, caused 

a sensation of thermal discomfort that may be the predominant cue that influences 

reasons for non-use. Finally, the incongruence between physiological and psycho­

physiological measures of distress was clearly demonstrated in this thesis. It is 

apparent that not only is a respirator a complex device, but the micro-climate it 

produces on the skin surface and the effect this has on an individuals' perception of 

discomfort, is also enigmatic. 



III 

ACKNOWLEDGEMENTS 

This work has been carried out in two Departments of Massey University, Palmerston 

North. I wish to thank Professor David Mellor, Department of Physiology and 

Anatomy for placing the facilities of the Department at my disposal; to all the 

technical staff of the Department, and in particular Mr John Pedley for his assistance 

in the design, development and operation of the monitoring equipment used in the 

research. 

I am very grateful to Professor Toni Vitalis, Department of Management Systems, for 

not only acting as a supervisor, but for the time and resources made available to me 

for the extent of this research. 

I would like thank Steven Grant and Michael Jones, School of Information Sciences 

for their work in the development of the Ergolab2 programme. 

Also, I am indebted to all the subjects who participated in the laboratory and field 

studies, who, in the majority of the cases, tolerated the uncomfortable conditions 

imposed on them when wearing a respirator. 

The support and encouragement of the staff of the Occupational Safety, Health and 

Ergonomics Unit, Department of Management Systems was of great assistance to me 

in the completion of this work, in particular Dr Carol Slappendel, for her candid and 

insightful comments from an ergonomics perspective. 

My special thanks go to all my supervisors for their contributions to this research, 

Professor Ron Munford, Professor Toni Vitalis, Dr David Carr and especially to Dr 

Roger Pack, for his learned advice, guidance and constructive criticism of all aspects 

of the research. 

Finally, I wish to express my gratitude to my wife, Judith and my family for their 

continued and positive support and my appreciation of all the sacrifices they made in 

the completion of this thesis. 



IV 

TABLE OF CONTENTS 

Page 

ABSTRACT 11 

ACKNOWLEDGEMENTS iii 

TABLE OF CONTENTS IV 

ABBREVIATIONS ix 

LIST OF FIGURES Xl 

LIST OF TABLES xii 

LIST OF PLATES XV 

CHAPTER 1 INTRODUCTION 1 

1.1 Historical Background 1 

1.2 The Anatomy of the Respirator 5 

1.3 The Use of Respiratory Protection 9 

1.4 Physiological Measures 10 

1.5 Psycho-physiological Measures 21 

1.6 Theoretical Framework for the Thesis 22 

1.7 Aim of the Study 25 



v 

CHAPTER 2 A SURVEY ON THE USE AND NON-USE OF RESPIRATORY 

PROTECTIVE EQUIPMENT IN WORKPLACES IN NEW 
ZEALAND 

2.1 Introduction 

2.2 Materials and Methods 

27 

29 

2.2.1 Surveys of Workplaces in the Palmerston North and Horowhenua 

�� m 

2.2.2 A Survey of a Manufacturing Site in the South Island 31 

2.3 Results 32 

2.3.1 Palmerston North and Horowhenua Region 32 

2.3.2 South Island Manufacturing Site 37 

2.4 Discussion 42 

CHAPTER 3 LABORATORY STUDIES ON PHYSICAL CHARACTERISTICS OF 
RESPIRATORY PROTECTIVE EQUIPMENT 48 

3.1 Introduction 

3.2 Materials, Methods and Equipment 

3.3 Results 

3.4 Discussion 

48 

52 

56 

59 

CHAPTER 4 LABORATORY STUDIES ON THE PHYSIOLOGICAL COSTS OF 

4.1 

4.2 

4.2.1 

4.2.2 

4.2.3 

4.2.4 

WEARING RESPIRATORY PROTECTIVE EQUIPMENT 66 

Introduction 66 

Materials, Method and Equipment 69 

Subjects 69 

Experimental Design 70 

Experimental Measurements and Technique 71 

Environmental Variables 74 



vi 

4.2.5 Statistical Analysis 74 

4.3 Results 78 

4.4 Discussion 86 

4.4.1 Physiological Factors 86 

4.4.2 Possible Sources of Error 90 

4.4.3 Psychological Factors 91 

CHAPTER 5 LABORATORY STUDIES ON RATED PERCEIVED EXERTION 

5.1 

5.2 

5.2.1 

5.2.2 

5.2.3 

5.2.4 

5.3 

5.4 

AND RESPIRATOR USE 94 

Introduction 94 

Materials, Methods and Equipment 98 

Subjects 98 

Experimental Design and Measurements 98 

Environmental Variables 99 

Statistical Analysis 99 

Results 100 

Discussion 106 

CHAPTER 6 LABORATORY STUDIES ON THE EFFECT OF RESPIRATOR USE 

6.1 

6.2 

6.2.1 

6.2.2 

6.2.3 

6.2.4 

ON SKIN TEMPERATURE 110 

Introduction 110 

Materials, Methods and Equipment 113 

Subjects 113 

Experimental Design 113 

Measurements and Techniques 113 

Environmental Variables 114 



6.2.5 Statistical Analysis 

6.3 Results 

6.3.1 Subjects 

6.3.2 Mean Heart Rates 

6.3.3 Skin Temperatures 

6.4 Discussion 

CHAPTER 7 WORK ENVIRONMENT STUDY 

7.1 Introduction 

7.2 Materials, Methods and Equipment 

7.2.1 Subjects 

7.2.2 Measurements and Techniques 

7.2.3 Experimental Design 

7.2.4 Activity Recording 

7.2.5 Environmental Variables 

7.2.6 Statistical Analysis 

7.3 Results 

7.3.1 Description of Work Activities 

7.3.2 Mean Heart Rates 

7.3.3 Skin Temperatures 

7.4 Discussion 

CHAPTER 8 GENERAL DISCUSSION 

8.1 Physiological Variables 

8.1.1 Heart Rate 

vii 

114 

115 

115 

116 

117 

122 

127 

127 

131 

131 

132 

132 

133 

133 

134 

135 

136 

140 

144 

148 

154 

154 

158 



8.1.2 Gas Exchange 

8.1.3 Pattern of Breathing 

8.1.4 Facial Skin Temperature 

8.2 Limitations of the Experimental Studies 

8.3 Psycho-physiological Responses to Respirator Use 

8.4 Surveys of Respirator Use and Non-use 

8.5 Studies of the Physical Characteristics of Respiratory 
Protective Equipment 

8.6 Implications for Respirator Design and Manufacture 

8.7 Summary 

CHAPTER 9 CONCLUSIONS 

REFERENCES 

APPENDICES 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

Questionnaire Used in Respirator Usage Survey. 

Pressure Flow Curves for the Eight Respirators Evaluated. 

Description of Ergolab 2 Programme. 

Calibration Data for the Datex Nonnocap Gas Analyser. 

Description of the Statistical Analysis in the Analyses 
of Variance of Experimental Designs with Replicate Latin 
Squares (Munford, 1994). 

Modifications to the Socially Acceptable Monitoring 
Device (SAMI). 

Facial Skin Temperatures and Heart Rate Data for the 
12 Subjects in the Work Environment Study With and 
Without Wearing a Respirator. 

viii 

162 

164 

167 

168 

169 

173 

178 

182 

183 

185 

189 

206 

214 

219 

223 

225 

231 

233  



ix 

ABREVIA TIONS 

Breathing Pattern 
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