Contents

oo o
1 Introduction 1
1.1 Scope of the Study 7
1.2 Novelty of the Study 7
2 Review of Literature 8
2.1 Indoor Air Pollution 8
2.2 Photocopiers and their Emissions 10
2.2.1 Xerographic Process 10
2.2.2 Toner 11
2.2.2.1 Toner Manufacturing Process 11
2.2.2.2 Toner Formulations 15
2.2.3 Photocopiers as Source of Indoor Air Pollutants 16
2.2.3.1 Particulate Matter (PM) 16
2.2.3.2 Toner Emissions 17
2.2.3.3 Other Associated Factors of Particulate Emissions 18
2.2.3.4 Ozone Emissions 18
2.2.3.5 Volatile Organic Compounds (VOC) Emissions 19
2.2.3.6 Semi Volatile Organic Compounds Emissions 21
2.2.3.7 Selenium Emissions 21
2.3 Indoor Emissions and its Health Effects 22
231 Particulate Matter 23
23.2  Ozone 26
233 Volatile Organic Compounds 27
234 Semi Volatile Organic Compounds 28
2.3.5 Toners 28
2.3.6 Selenium 29
2.4 Indoor Air Pollutants and Lung Function 30
24.1 Interpretation of Ventilatory Function Test 32
2.4.2 Classification of Abnormal Ventilatory Function 32
243 Exposure to Pollutants and Obstructive Lung Disease 34
244 Exposure to Pollutants and Restrictive Lung Disease 35
2.5 Biomarkers and Biomonitoring 37
251 Oxidative Stress Markers 37
2.5.2 Inflammatory Markers 41
253 Leukotriene B4 41
254 C-Reactive Protein (CRP) 41
2.5.5 Interleukins 42
2.5.6 Clara Cell Protein (CC16) 43
2.5.7 Eosinophilic Cationic Protein (ECP) 44




i Title No
2.5.8 Myeloperoxidase (MPO) 45
2.5.9 Intercellular Adhesion Molecule (ICAM1) 45
2.5.10 Nitric oxide (NO) 46
2.5.11 Selenium and Selenoproteins 46
2.5.12  Glutathione peroxidase (GPx) 47
2.5.13 Thioredoxin reductases (TrxR) 48
2.5.14 Genotoxicity 48

2.6 Metabolomics as a tool to assess occupational exposure 49
3 Experimental Procedure 52
Phase | 54
3.1 Ambient Air Quality Monitoring 54
3.11 Particulate Matter 55
3.1.2 Carbon monoxide 57
3.13 Nitrogen dioxide 57
3.14 Sulfur dioxide 57
3.15 Ammonia 57
3.1.6 Ozone 57
3.1.7 Volatile Organic Compounds 58
3.1.8 Benzene 58
3.1.9 Benzo (a) pyrene 58
3.1.10 Heavy Metals 58
3.2 Characterisation of Toner 59
Phase Il 60
3.3 Health Surveillance of Photocopier Service Personnel in Photocopier 60
Units
331 Study Area 61
3.3.2 Study Design 61
333 Selection Criteria of the Participants 61
334 Collection of Demographic Data 65
3.3.5 Anthropometric Measurements 67
3.3.6 Measurement of Blood Pressure 67
3.3.7 Lung Function Test 67
3.3.8 Sample Collection 68
3.39 Complete Blood Count Profile 68
3.3.10 Random Blood Sugar Test 69
3.3.11 Systemic Biomarkers - An invasive approach 69
3.3.12  Excretory Biomarkers - A non-invasive metabolomic approach 71
3.4 Statistical analysis 75




Chapter Title Page
No. No.
4 Results and Discussion 76
Phase I : Air Quality Monitoring of Xerographic Units 79
4.1 Ambient Air Quality Monitoring of Xerographic Units 79
4.1.1 Physical Characteristics of the Xerographic Units 79
4.1.2 Characteristics of the Xerographic Machines 80
4.1.3 Ambient Air Quality Analysis 83
4.1.4 Characterisation of Toner 85
Phase Il : Health surveillance of photocopier service professionals 96
4.2 Demographic Profile of the Selected Participants 96
4.2.1 Socio Economic Status 96
4.2.2 Anthropometric Measurements of the Selected Participants 97
4.2.3 Smoking Status and Alcohol Consumption 98
4.2.4 Status of other Confounders 100
4.2.5 Photocopier Exposure 100
4.3 Respiratory and General Health Symptoms 101
4.4 Lung Function Profile 103
44.1 Ventilatory Patterns Among the Selected Participants 107
4.4.2 Correlation between Lung function and Cumulative Photocopier 108
Exposure among Photocopier Service Personnel
443 Correlation between Lung function, Cumulative Photocopier Exposure 111
and Pack Years among Photocopier Service Personnel who are Smokers
44.4 Causative Effect of Lung Dysfunction 112
4.5 Complete Blood Count among the Participants 113
4.5.1 Red Blood Cell Indices and Platelet Indices 114
4.5.2  Correlation between Red Blood Cell and Platelet indices and Cumulative 117
Photocopier Exposure
4,5.3 Correlation between Red Blood Cell Indices, Platelet Indices and 119
Cumulative Photocopier Exposure, Pack Years and Synergistic Effect of
both among Photocopier Service Personnel who are Smokers
45.4 Differential Blood Count 120
4.5.5  Correlation between Differential Blood Count and Cumulative 121
Photocopier Exposure
4.5.6 Correlation between Differential Blood Count and Cumulative 122
Photocopier Exposure, Pack Years and Synergistic Effect of both among
Photocopier Service Personnel who are Smokers
4.5.7 Correlation between Hematological Indices and Pulmonary Function 123
4.6 Biochemical Markers in the Selected Participants 123
4.6.1  Correlation between Biochemical Markers and Cumulative Photocopier 125
Exposure
4.6.2 Correlation between Biochemical Markers and Cumulative Photocopier 126

Exposure, Pack Years and Synergistic Effect of both among the
Photocopier Service Personnel who are Smokers




Chapter Title Page
No. No.
4.6.3 Correlation between Biochemical Markers and Hametological Indices 127
4.6.4 Correlation between Biochemical Markers and Lung Function Indices 127
4.7 Oxidative Status in the Selected Participants 127
4.7.1 Lipid Peroxidation Status 128
4.7.2 Correlation between Lipid Peroxidation and Cumulative Photocopier 131
Exposure
4.7.3 Correlation between Lipid Peroxidation Status and Cumulative 132
Photocopier Exposure, Pack Years and Synergistic Effect of both among
the Photocopier Service Personnel who are Smokers
4.7.4 Antioxidant Status 132
4.7.5  Correlation between Antioxidant Status and Cumulative Photocopier 134
Exposure
4.7.6 Correlation between Antioxidant Status and Cumulative Photocopier 135
Exposure, Pack years and Synergistic Effect of both among photocopier
Service Personnel who are Smokers
4.7.7 Correlation between Oxidative Status and Pulmonary Function 135
4.7.8 Correlation between Oxidative Status and Hematological Indices 136
4.8 Inflammatory Biomarkers in the Selected Participants 137
4.8.1 Levels of Clara Cell Protein and Leukotriene B4 138
4.8.2 Levels of Interleukin 6 and 8 141
4.83 Levels of Eosinophil Cationic Protein, C-Reactive Protein and Total 143
Nitrates
484  Activity of Myeloperoxidase and Levels of Inter Cellular Adhesion 146
Molecule-1
4.8.5 Correlation between Inflammatory Markers and Cumulative 147
Photocopier Exposure
4.8.6 Correlation between Inflammatory Markers and Lung Function Indices 148
4.8.7 Correlation between Inflammatory Markers and Haematological Indices 149
4.8.8  Correlation between Inflammatory Markers and Oxidative Status and 151
Biochemical Markers
4.8.9 Correlation among Inflammatory Markers 153
4.8.10  Correlation between Inflammatory markers and Cumulative 154
Photocopier Exposure
4.8.11 Correlation between Inflammatory Markers and Cumulative 155
Photocopier Exposure, Pack Years and Synergistic Effect of both among
Photocopier Service Personnel who are Smokers
4.9 Selenium, Cadmium and Selenoproteins among the Selected 156
Participants
49.1 Activities of Glutathione peroxidase (GPx) and Thioredoxin Reductase 156
49.2 Correlation between Glutathione peroxidase activity (GPx) and 157

Biochemical parameters and Haematological parameters




Chapter . Page
P Title &
No. No.
4.9.3 Correlation between GPx activity and Oxidative Status and 158
Inflammatory Markers
4.10 Genotoxicity Assessment 158
4.10.1 Correlation between Comet parameters and Cumulative Photocopier 161
Exposure
4.10.2 Correlation between Comet parameters, Cumulative Photocopier 162
Exposure and Pack Years and Synergistic Effect of bothamong
Photocopier Service Personnel who are Smokers
4.11 Determination of metabolomic differences in excretory urinary 162
biomarkers - A non invasive approach
4.12 Binary logistic regression of general health symptoms with photocopier 176
exposure
4.13 Regression analysis between lung function parameters, haematological 177
indices, biomarkers and independent continuous variables pack years
and cumulative photocopier exposure
5 Summary and Conclusion 185
Bibliography 194
Appendices 221




