
Contents VII

Contents

1 Analysis of Nitrated Polycyclic Aromatic Hydrocarbons by Gas
Chromatography
C. M. White 1

1.1 Introduction 3
1.1.1 Emission Sources of Nitro-PAH 4
1.1.2 Formation of Nitro-PAH 5
1.1.3 The Necessity of Distinguishing between Isomers 6
1.1.4 Positive and Tentative Identification of Nitro-PAH Using Gas

Chromatography 7
1.1.5 Historical Aspects 7
1.2 Separation of Nitro-PAH by Gas Chromatography 8
1.2.1 Isothermal Retention Characteristics of Nitro-PAH on SE-52 . 14
1.2.2 Linear-Temperature-Programmed Retention Characteristics of

Nitro-PAH on SE-52 41
1.2.3 Effect of Initial Temperature on van Den Dool and Kratz

Retention Indices 43
1.2.4 The Relationship between Retention Indices and Physico-

chemical Properties (Boiling Point and Dipole Moment) . . . . . 46
1.3 Molecular Connectivity 52
1.3.1 Relationship between First-Order Valence Molecular Connec-

tivity and Retention Indices of Nitro-PAH 54
1.3.2 Prediction of van Den Dool and Kratz Retention Indices

Using Molecular Connectivity 56
1.4 Some Experimental Problems Encountered During Quantita-

tion of Nitro-PAH by Gas Chromatography 58
1.4.1 Methods of Nitro-PAH Quantitation by Gas Chromatography 60
1.5 Gas Chromatography Detectors Used for Nitro-PAH Analyses 61
1.5.1 Nitrogen/Phosphorus Detection 62
1.5.2 Electron Capture Detection 63
1.5.3 Negative Ion Chemical Ionization Mass Spectrometric Detec-

tion 63
1.5.4 Thermionic Ionization Detection in a Nitrogen Atmosphere

(TID-1-N2) 64
1.6 Sample Fractionation Techniques that Yield a Nitro-PAH

Fraction: Sample Preparation 70

http://d-nb.info/850501679

http://d-nb.info/850501679


VIII Contents

1.7 Future Research Directions 80
References 82

Chromatographic Detectors Used for the Determination of
Nitrated Polycyclic Aromatic Hydrocarbons
B. A. Tomkins 87

2.1 Introduction 89
2.2 Detection Methods Using Thin-Layer Chromatography 90
2.3 Detection Methods Using Gas Chromatography 90
2.3.1 Nonspecific Flame Ionization Detectors and Retention Indi-

ces 90
2.3.2 Nitrogen-Phosphorus Detectors 91
2.3.3 Electron-Capture Detectors 93
2.3.4 Thermionic Ionization Detectors 93
2.3.5 Photoionization Detectors 94
2.3.6 Thermal Energy Analyzer 96
2.3.7 , Comparison of Four Nitrosensitive Detectors 101
2.4 Detection Methods Using High-Pressure Liquid Chromatogra-

phy 102
2.4.1 Spectrophotometric Detectors 102
2.4.2 HPLC/MS Detectors 106
2.4.3 Electrochemical Reduction Detectors 106
2.4.3.1 Principles, Mechanisms, and Studies Based on Explosives and

Related Species 106
2.4.3.2 Application to Nitro-PAH Present in Diesel Particulate

Extracts 107
2.4.3.3 LC/EC Coupled to Microbore HPLC Columns 108
2.4.4 Electrochemical Oxidation Detectors 108
2.4.5 Comparison of HPLC Detection Methods I l l
2.5. Detection Methods Using Mass Spectrometric Detectors I l l
2.5.1 Scope and Importance of Mass Spectrometric Methods I l l
2.5.2 High- and Low-Resolution Spectrometric Methods I l l
2.5.3 Negative-Ion Chemical Ionization Mass Spectrometry 112
2.5.4 MS/MS Methods 113
2.5.5 Comparison of Mass Spectrometric Methods 113
2.6 Conclusion 114

References 117



Contents IX

3 Analysis of Nitrated Polycyclic Aromatic Hydrocarbons (Nitro-
PAH) by Mass Spectrometry
D. Schuetzle and T. E. Jensen 121

3.1 Introduction 123
3.2 Sample Preparation 129
3.3 MS Analysis of Nitro-PAH 130
3.3.1 Electron Impact Ionization 130
3.3.2 Chemical Ionization 138
3.3.3 Atmospheric Pressure Ionization 141
3.4 Coupled MS Techniques 141
3.4.1 Gas Chromatography/Mass Spectrometry (GC/MS) 142
3.4.2 Liquid Chromatography/Mass Spectrometry (LC/MS) 146
3.5 High-Performance MS Techniques 147
3.5.1 Mass Spectrometry/Mass Spectrometry (MS/MS) 148
3.5.2 High Resolution Mass Spectrometry (HRMS) 151
3.6 Quantitation 154
3.7 Application of MS to Nitro-PAH Analysis 156
3.7.1 Characterization of Environmental Samples 157
3.7.2 Biological Studies 160
3.7.3 MS Methods Development Studies 162
3.7.4 Chemical Reactivity Studies 162
3.8 Conclusions 163

References 164

4 Synthesis of Nitrated Polycyclic Aromatic Hydrocarbons
P. H. Ruehle, L. C. Bosch, and W. P. Duncan 169

4.1 Introduction 171
4.2 Direct Nitration of Parent PAH 172
4.2.1 Reactivity of PAH to Nitration 172
4.2.2 Position of Substitution for Mononitration 172
4.2.3 Dinitration of PAH 175
4.2.4 Nitration Systems 176
4.2.4.1 General Considerations 176
4.2.4.2 Nitrations in Acetic Anhydride-Nitric Acid 177
4.2.4.3 Nitrations in Acetic Acid-Nitric Acid 177
4.2.4.4 Nitrations Using Red-Fuming Nitric Acid-Water-Dioxane . . . 178
4.2.4.5 Nitrobenzene as a Solvent 178
4.2.5 Introduction to Table 2 178



X Contents

4.3 Synthesis of Nitro-PAH by Indirect Routes 192
4.3.1 Introduction 192
4.3.2 Nitration of Hydrogenated PAH Followed by Dehydrogena-

tion 196
4.3.2.1 Examples of Nitration of Hydrogenated PAH 196
4.3.2.2 Unusual Reactions of Hydrogenated PAH 198
4.3.3 Oxidation of the Amino Substituent 199
4.3.4 From Diazonium Salts 199
4.3.5 Using Blocking and/or Directing Groups 200
4.3.6 Ring Formation and Ring Expansion Reactions 204
4.3.7 Miscellaneous Methods 206
4.3.8 Introduction to Table 3 207
4.4 Substituted Nitro-PAH 207
4.4.1 Introduction 207
4.4.2 Methyl Nitro-PAH 207
4.4.2.1 Methyl Nitronaphthalenes 207
4.4.2.2 Methyl Nitrofluoranthenes 210
4.4.2.3 Side-Chain Nitration 212
4.4.3 Hydroxynitro-PAH 213
4.5 Isotopically Labeled Nitro-PAH 214
4.5.1 Introduction 214
4.5.2 >4C and ' 'N Labeled Nitro-PAH 215
4.5.3 Deuterium Labeled Nitro-PAH 216
4.5.4 Tritium Labeled Nitro-PAH 216
4.5.4.1 General Considerations 216
4.5.4.2 Nitration of Tritium Labeled PAH 217
4.5.4.3 Tritium Exchange on Nitro-PAH 218
4.6 Purification and Separation 219
4.6.1 Introduction 219
4.6.2 Use of Modified Soxhlet Column for Purification 219
4.6.3 Column Chromatography and Preparative HPLC 221
4.6.4 Recrystallization 222
4.7 Characterization and Analysis of Nitro-PAH 222
4.7.1 Introduction 222
4.7.2 'H NMR of Nitro-PAH 222
4.7.3 UV Spectra of Nitro-PAH 224
4.7.4 Mass Spectra of Nitro-PAH 224
4.7.5 Thin Layer Chromatography of Nitro-PAH 225
4.8 Experimental Section 226
4.8.1 Preparation of 1-Nitropyrene 226
4.8.1.1 Small Scale Preparation 226



Contents XI

4.8.1.2 Large Scale Preparation 227
4.8.2 Preparation of 1,3,6-Trinitropyrene 228
4.8.3 Preparation of 1,3,6,8-Tetranitropyrene 228
4.8.4 6-Nitrobenzo[a]pyrene 229

References 230

5 Sampling and Atmospheric Chemistry of Particles Containing
Nitrated Polycyclic Aromatic Hydrocarbons
T. L. Chan and T. L. Gibson 237

5.1 Introduction 239
5.2 Paniculate Sampling 240
5.2.1 Size Selective Particulate Mass Sampling 242
5.2.2 Experimental and Analytical Procedures 243
5.2.3 Effects of Particulate Sampling Methodology 244
5.3 Nitro-PAH on Particles 248
5.3.1 Chemical Basis of Nitro-PAH Formation 248
5.3.2 Artifact Formation of Nitro-PAH in Diesel Particles 250
5.3.3 Contribution to Bacterial Mutagenicity from 1-Nitropyrene

and Dinitropyrenes in Ambient Particulate Samples 253
5.4 Atmospheric Chemistry and Smog Chamber Studies 257
5.4.1 Atmospheric Formation of NO2 and HNO3 258
5.4.2 Smog Chamber Studies of Nitro-PAH 259
5.5 Discussion 260
5.6 Future Research Needs 263

References 264

6 The Mutagenic and Carcinogenic Properties of Nitrated Poly-
cyclic Aromatic Hydrocarbons
H. S. Rosenkranz and R. Mermelstein 267

6.1 Introduction 269
6.1.1 Mutagenicity in Bacteria 270
6.2 Basis of the Mutagenic Activity of Nitro-PAH in Salmonella

Typhimurium 270
6.2.1 Mutagenic Specificity 270
6.2.2 Enzymic Basis of Mutagenicity in Bacteria 273
6.2.3 Structural Determinants of the Mutagenicity of Nitro-PAH .. 275
6.2.4 Conformational Determinants of Mutagenicity 276



XII Contents

6.3 Genotoxicity of Nitro-PAH for Yeast 277
6.4 Genetic and Genotoxic Effects of Nitro-PAH on Mammalian

Cells 278
6.4.1 Mutagenic Specificities of Mammalian Cells 284
6.4.2 Metabolism of Nitro-PAH by Mammalian Cells and Subcellu-

lar Components 285
6.5 Biodisposition in Whole Animals 286
6.6 In Vitro Neoplastic Cell Transformation Activity of Nitro-

PAH 287
6.7 The Carcinogenicity of Nitro-PAH 288
6.7.1 Epidemiology 288
6.8 Perspectives on Nitro-PAH 291

References 293

7 Liquid Chromatography of Nitrated Polycyclic Aromatic
Hydrocarbons
C. F. Poole 299

7.1 Introduction 300
7.2 Sample Cleanup by Liquid Chromatography 302
7.2.1 Concentration and Isolation of Nitro-PAH by Low- and

Medium-Pressure Liquid Chromatography 302
7.2.2 Concentration and Isolation of Nitro-PAH by High-Pressure

Liquid Chromatography 305
7.3 Identification and Quantitation of Nitro-PAH by Liquid

Chromatography 311
7.4 Screening Environmental Samples for Nitro-PAH Using

Thin-Layer Chromatography 319
7.5 Conclusions 324

References 327

The Appendix
M. Perry 331
References 362

Subject Index 371


