
List of Tables

Table
No. Title Page

No.

1 Lung function parameters assessed by spirometry 31

2 List of air quality parameters assessed in the study 56

3 Biomarkers assessed in the health surveillance programme
among the study participants

72

4 Physical characteristics of xerographic units 81

5 Characteristic features of xerographic machines and toners 82

6 Ambient air quality parameters analysed in xerographic centres 83

7 Compounds identified by GC/MS headspace analysis in the four
selected brands of toners

91

8 Socio economic status of the selected participants of the study 97

9 Anthropometric measurements 98

10 Smoking status and alcohol consumption 99

11 Other confounder – Type of cooking fuel used 100

12 Lung function Indices among the selected participants 103

13 Incidence of ventilatory pattern 107

14 Correlation between lung function indices and cumulative
photocopier exposure

109

15 Correlation between lung function, cumulative photocopier and
pack years exposure among photocopier service personnel who
are smokers

111

16 Results of binary logistic regression with normal and abnormal
lung function indicator as dependent variable.

113

17 Red blood cell indices and Platelet indices 115

18 Correlation between red blood cell and platelet indices and
cumulative photocopier exposure

118

19 Correlation between red blood cell indices, platelet indices and
cumulative photocopier exposure, pack years and synergistic
effect of both among photocopier service personnel who are
smokers

119

i



Table
No. Title Page

No.

20 Differential blood count 121

21 Correlation between differential cell count and cumulative
photocopier exposure

122

22 Correlation between differential blood count and cumulative
photocopier exposure, pack years and synergistic effect of both
among photocopier service personnel who are smokers

122

23 Correlation between hematological indices and pulmonary
function

123

24 Levels of glucose, total protein, albumin and globulin 124

25 Correlation between biochemical markers and cumulative
photocopier exposure

126

26 Correlation between biochemical markers and cumulative
photocopier exposure, pack years and synergistic effect of both
among photocopier service personnel who are smokers

126

27 Correlation between biochemical markers and red blood cell
indices

127

28 Biomarkers of lipid peroxidation 128

29 Correlation between lipid peroxidation and cumulative
photocopier  exposure

131

30 Correlation between lipid peroxidation status and and cumulative
photocopier exposure, pack years and synergistic effect of both
among photocopier service personnel who are smokers

132

31 Markers of antioxidant status 133

32 Correlation between antioxidant status and cumulative
photocopier exposure

134

33 Correlation between antioxidant status and cumulative
photocopier exposure, pack years and synergistic effect of both
among photocopier service personnel who are smokers

135

34 Correlation between oxidative status and lung function Indices 136

35 Correlation between oxidative status and Hematological Indices 137

36 Plasma Clara Cell Protein and Leukotriene B4 138

ii



Table
No. Title Page

No.
37 Plasma interleukins 141

38 Levels of Eosinophil Cationic Protein, C-Reactive Protein and
Total Nitrates

143

39 Activity of MPO and level of ICAM1 146

40 Correlation between inflammatory markers and lung function
indices

149

41 Correlation between inflammatory markers and haematological
indices

149

42 Correlation between inflammatory markers and oxidative status
and biochemical markers

152

43 Correlation among inflammatory markers 154

44 Correlation between inflammatory markers and cumulative
photocopier exposure, pack years and synergistic effect of both
among photocopier service personnel  who are smokers

155

45 Serum selenium and cadmium levels 156

46 Activities of Glutathione peroxidase and Thioredoxin reductase 157

47 Correlation between Glutathione peroxidase activity ,
biochemical parameters and haematological parameters

157

48 Correlation between Glutathione peroxidase and oxidative status
and inflammatory markers

158

49 DNA damage parameters as assessed by comet Assay 159

50 Correlation between comet parameters and cumulative
photocopier exposure

161

51 Correlation between comet parameters, cumulative photocopier
exposure and pack years and synergistic effect of both
among photocopier service personnel who are smokers

162

52 Details of important features identified in urine by one way
ANOVA and Post hoc test (Tukey’s Honestly Significant
Difference)

168

53 Performance indicator table of the PLS- DA model validation for
urine samples

172

54 List of putative metabolites with VIP Score > 2 for urine sample 175

55 Binary logistic regression of general health symptoms with
Photocopier exposure

176

56 Regression analysis between lung function parameters,
haematological indices, biomarkers and independent continuous
variables pack years and cumulative photocopier exposure

178

iii



List of Figures

Figure
No. Title Page

No.

1 Xerographic process 10

2 Outline of toner manufacturing process 12

3 Suspension polymerization 12

4 Emulsion aggregation 12

5 Electron microscopic image of toner particle 15

6 Conceptual model of indoor air chemistry and particle formation
and removal during photocopying

20

7 Health effects due to composite air pollutant particulate matter
mixture

25

8 Spirogram obtained by spirometry 32

9 Schematic diagrams of different types of ventilatory patterns 33

10 Oxidative stress caused by air pollution 39

11 Study Design 63

12 Study Population 64

13 Flow chart showing the health surveillance programme among
the study participants

66

14 Statistical analysis 75

15 Element composition of the four selected brands of toner 87

16 GC MS spectra of toner A 88

17 GC MS spectra of toner B 99

18 GC MS spectra of toner C 89

19 GC MS spectra of toner D 90

20 Cumulative photocopier exposure among photocopier service
personnel

101

21 Prevalence of respiratory and other general health symptoms 102

22 Lung function indices of the selected participants 104

23 Incidence of abnormal ventilatory pattern among the selected
participants

108

24 Mean Corpuscular Haemoglobin 116

25 Mean Corpuscular Haemoglobin Concentration 116

iv

iv



Figure
No. Title Page

No.

26 Albumin : Globulin Ratio 124

27 Serum Thiobarbituric Acid Reactive Substances 130

28 Plasma free 8-isoprostane levels 130

29 Serum Ferric Reducing Antioxidant Capacity 134

30 Plasma Clara Cell Protein Levels 139

31 Plasma Leukotriene B4 levels 141

32 Plasma Interleukin levels 142

33 Plasma Eosinophilic Cationic Protein levels 144

34 Plasma CRP levels 145

35 Plasma ICAM-1 levels 147

36 Correlation between cumulative photocopier exposure
and plasma CC16 levels

148

37 DNA damage parameters as assessed by comet assay 160

38 Urine 1H NMR spectra of Control Nonsmoker (CNS) 163

39 Urine 1H NMR spectra of Control Smoker (CS) 164

40 Urine 1H NMR spectra of Exposed Nonsmoker (ENS) 165

41 Urine 1H NMR spectra of Exposed Smoker (ES) 166

42 Important features identified in urine by one way ANOVA 168

43 2 D PCA score plot between the selected components of urine 169

44 3 D PCA score plot between the selected components of urine 170

45 2 D PLS-DA score plot between the selected components of
urine

171

46 3 D PLS-DA score plot between the selected components of
urine

171

47 Performance indicator of the PLS- DA model validation using
different number of components for urine.

172

48 Performance indicator of the PLS- DA model validation by
permutation tests based on separation distance

173

49 PLS-DA VIP score list for urine data sets 173

50 Concentration of metabolites in arbitrary units for urine data sets 174

v



List of Plates

Plate
No. Title Page

No.

1 Ambient Air Quality Monitoring 55

2 Toner Refilling Process 59

3 Scanning Electron Microscopy Energy Dispersive X ray spectra
(SEM EDX) images of toner particles

85

4 Blood Cells as Assessed by Comet Assay 160

vi



List of Appendices

Appendix
No. Title Page

No.

1 Questionnaire  on Air Quality Monitoring 221

2 Estimation of Fine Particulate Matter (PM2.5) in Ambient Air 221

3 Estimation of Carbon monoxide in Ambient Air 222

4 Estimation of Nitrogen dioxide in Ambient Air 222

5 Estimation of Sulphur dioxide in Ambient Air 223

6 Estimation of Ammonia 223

7 Estimation of Ozone in Ambient Air 224

8 Estimation of Benzene in Ambient Air 225

9 Estimation of Benz(a)pyrene in Ambient Air 225

10 Estimation of Lead, Arsenic and Nickel in Ambient Air 226

11 Physical Characterization of Toner by Scanning Electron
Microscopy Energy- Dispersive X-ray Spectroscopy  (SEM
EDAX)

227

12 Screening for Volatile Organic Compounds (VOCs) by Head
Space Gas Chromatography - Mass Spectrometry (GC- MS)

228

13 Informed Consent Form 228

14 Interview Schedule 231

15 Estimation of Plasma Glucose 233

16 Estimation of Serum Total Protein 233

17 Estimation of Serum Albumin 234

18 Estimation of Lipid peroxides in Serum 234

19 Estimation of Plasma Free 8-Isoprostane 235

20 Estimation of Plasma Trolox Equivalent Antioxidant Capacity 236

21 Estimation of Serum Ferric Reducing Antioxidant Capacity 236

vii



Appendix
No. Title Page

No.

22 Estimation of Plasma Clara Cell Protein 237

23 Estimation of Plasma Leukotriene B4 237

24 Estimation of Plasma Interleukin 6 (IL-6) 238

25 Estimation of Plasma Interleukin 8 239

26 Estimation of Plasma Eosinophilic Cationic Protein 240

27 Estimation of Plasma C-Reactive Protein 241

28 Estimation of Plasma Total Nitrates 241

29 Estimation of Plasma Myeloperoxidase Activity 242

30 Estimation of Plasma Intercellular Adhesion Molecule-1 243

31 Estimation of Plasma Glutathione peroxidase Activity 243

32 Estimation of Plasma Thioredoxin reductase Activity 244

33 Estimation of Serum Cadmium and Selenium 245

34 Assessment of Genotoxicity 245

35 Metabolomic Study of Urine by Nuclear Magnetic Resonance
Spectroscopy

246

viii



List of Abbreviations

µg Microgram

µM Micromole

ABTS 2,2'-azino-bis(3-ethylbenzthiazoline-6-sulfonic acid)

BMI Body Mass Index

BTEX Benzene, Toluene, Ethyl benzene, Xylene

CC16 Clara Cell Protein 16 Kilo Dalton

COPD Chronic Obstructive Pulmonary Disease

CRP C-Reactive Protein

CVD Cardiovascular Diseases

DNA Deoxyribo Nucleic Acid

ECP Eosinophil Cationic Protien

EDTA Ethylene diamine tetra acetate

ELISA Enzyme Linked Immuno Sorbent Assay

FEV Forced Expiratory Volume

fL Femtolitre

FRAC Ferric Reducing Antioxidant Capacity

FVC Forced Vital Capacity

GPx Glutathione peroxidase
1HNMR Proton Nuclear Magnetic Resonance

Hb Hemoglobin

ICAM-1 Intercellular Adhesion Molecule – 1

IL-6 Interleukin – 6

IL-8 Interleukin – 8

LTB4 Leukotriene B4

MMEF Maximum Mid Expiratory Flow

MCH Mean Corpuscular Haemoglobin

MCHC Mean Corpuscular Haemoglobin Concentration

MCV Mean Corpuscular Volume

MDA Malondialdehyde

MPO Myeloperoxidase

ix



MPV Mean Platelet Volume

MVV Maximum Ventilatory Volume

ng Nanogram

nM Nanomole

NO Nitric Oxide

NOx Total nitrates

O3 Ozone

PAH Polycyclic Aromatic Hydrocarbons

PCA Principle Component Analysis

PDW Platelet Distribution Width

PEF Peak Expiratory Flow

Pg Picogram

PIF Peak Inspiratory Flow

PL-CR Platelet Large Cell Ratio

PLS-DA Partial Least Squares – Discriminate Analysis

PM Particulate Matter

PM10 Coarse Particulate Matter

PM2.5 Fine Particulate Matter

PVC Polyvinyl Chloride

RBC Red Blood Cell

RDW Red cell distribution width

ROS Reactive Oxygen Species

SOA Secondary Organic Aerosol

SVOC Semi Volatile Organic Compounds

TBARS Thiobarbituric Acid Reactive Substances

TEAC Trolox Equivalent Antioxidant Capacity

UFP Ultra Fine Particulate Matter

UV Ultra Violet

VC Vital Capacity

VOC Volatile Organic Compound

WBC White Blood Cells

x


