


Introduction to Forensic Chemistry



https://taylorandfrancis.com/


Introduction to Forensic Chemistry

Kelly M. Elkins



CRC Press
Taylor & Francis Group
6000 Broken Sound Parkway NW, Suite 300
Boca Raton, FL 33487-2742

©  2019 by Taylor & Francis Group, LLC
CRC Press is an imprint of Taylor & Francis Group, an Informa business

No claim to original U.S. Government works

Printed on acid-free paper

International Standard Book Number-13: 978-1-4987-6310-3 (Hardback)

This book contains information obtained from authentic and highly regarded sources. Reasonable efforts have been made to publish reliable data and 
information, but the author and publisher cannot assume responsibility for the validity of all materials or the consequences of their use. The authors and 
publishers have attempted to trace the copyright holders of all material reproduced in this publication and apologize to copyright holders if permission 
to publish in this form has not been obtained. If any copyright material has not been acknowledged please write and let us know so we may rectify in any 
future reprint.

Except as permitted under U.S. Copyright Law, no part of this book may be reprinted, reproduced, transmitted, or utilized in any form by any electronic, 
mechanical, or other means, now known or hereafter invented, including photocopying, microfilming, and recording, or in any information storage or 
retrieval system, without written permission from the publishers.

For permission to photocopy or use material electronically from this work, please access www.copyright.com (http://www.copyright.com/) or contact 
the Copyright Clearance Center, Inc. (CCC), 222 Rosewood Drive, Danvers, MA 01923, 978-750-8400. CCC is a not-for-profit organization that provides 
licenses and registration for a variety of users. For organizations that have been granted a photocopy license by the CCC, a separate system of payment 
has been arranged.

Trademark Notice:  Product or corporate names may be trademarks or registered trademarks, and are used only for identification and explanation with-
out intent to infringe.

Library of Congress Cataloging- in- Publication Data 

Names: Elkins, Kelly M., author.
Title: Introduction to forensic chemistry / Kelly M. Elkins.
Description: Boca Raton, FL : CRC Press/Taylor & Francis Group, [2019] | 
Includes bibliographical references and index.
Identifiers: LCCN 2018015615| ISBN 9781498763103 (hardback : alk. paper) | 
ISBN 9780429454530 (ebook)
Subjects: LCSH: Chemistry, Forensic.
Classification: LCC RA1057 .E46 2019 | DDC 614/.12--dc23
LC record available at https://lccn.loc.gov/2018015615

Visit the Taylor & Francis Web site at 
http://www.taylorandfrancis.com 

and the CRC Press Web site at 
http://www.crcpress.com 

http://www.copyright.com
http://www.copyright.com/
https://lccn.loc.gov/2018015615


To my husband, Tim, and our children, Madeleine, Katie, and Sara



https://taylorandfrancis.com/


vii

Contents

List of Figures	 xiii
List of Tables	 xxi
Acknowledgments	 xxiii
Author	 xxv
List of abbreviations	 xxvii

1		  An introduction to forensic chemistry and physical evidence	 1
Learning objectives	 1
Questions	 11
Bibliography	 11

2		  Chemical tests	 15
Learning objectives	 15
Colorimetric tests for drugs	 16
Chemical tests for poisons	 24
Colorimetric tests for explosives	 24
Microcrystalline tests for drugs	 26
Microcrystalline tests for explosives	 26
The future of chemical tests	 27
Questions	 27
Reference	 27
Bibliography	 27

3		  The microscope	 33
Learning objectives	 33
Early microscopes	 34
Parts of the microscope	 35
Light	 36
Magnification and resolving power	 37
Stereomicroscopy	 38
Compound light microscopy	 38
Koehler illumination	 40
Polarized light microscopy	 40
Phase contrast microscopy	 42
Fluorescence microscopy	 43
Microspectrophotometer	 43
Comparison microscopy	 43
Scanning electron microscopy	 45
Transmission electron microscopy	 46
Questions	 47
Bibliography	 48

4		  Light spectroscopy	 51
Learning objectives	 51
Ultraviolet-visible spectroscopy	 53
Fluorescence spectroscopy	 58
Infrared spectroscopy	 62
Raman spectroscopy	 68



viii    ﻿ Contents﻿

Microspectrophotometry	 70
Questions	 71
Reference	 72
Bibliography	 72

5		  A dvanced s pectroscopy	 77
Learning objectives	 77
Mass spectrometry	 79
Nuclear magnetic resonance spectroscopy	 87
Questions	 94
Bibliography	 95

6		  Chromatography	 99
Learning objectives	 99
Thin-layer chromatography	 101
Paper chromatography	 103
Column chromatography	 103
High-performance liquid chromatography	 105
Ultra-performance liquid chromatography	 106
Gas chromatography	 106
Other separation methods	 112
Questions	 112
Bibliography	 113

7		  I norganic poisons and contaminants	 115
Learning objectives	 115
Flame test	 117
Emission spectrograph	 117
Thin-layer chromatography	 118
UV-Vis spectroscopy	 118
IR spectroscopy	 120
Raman spectroscopy	 120
X-ray fluorescence	 121
Atomic absorption	 122
Inductively coupled plasma-mass spectrometry	 123
X-ray crystallography and x-ray diffraction	 124
Neutron activation analysis	 125
Scanning electron microscopy	 125
Questions	 125
References	 126
Bibliography	 126

8		  Controlled substances	 129
Learning objectives	 129
Control and scheduling	 130
Classes of drugs	 130
Stimulants	 131
Depressants and antianxiety drugs	 134
Hallucinogens	 135
Opiates/opioids	 138
Anabolic steroids	 140
Other drugs abused in sports	 141
New psychoactive substances	 141



Contents﻿﻿    ix

Chemical analysis: Identification and quantitation	 142
Questions	 148
Bibliography	 148

9		  Toxicology	 153
Learning objectives	 153
Questions	 163
References	 164
Bibliography	 164

10		 Trace evidence	 167
Learning objectives	 167
Glass	 169
Soil	 172
Paint	 173
Polymers	 175
Hair	 176
Fibers	 178
Other trace materials	 184
Questions	 185
References	 186
Bibliography	 186

11		 Q uestioned documents and impression evidence	 191
Learning objectives	 191
Questioned documents	 192
Physical analysis	 192
Chemical analysis of inks and paper	 193
Impression evidence	 199
Questions	 206
Bibliography	 206

12		 Latent print development	 209
Learning objectives	 209
Questions	 218
References	 219
Bibliography	 219

13		 Firearms	 223
Learning objectives	 223
Firearms	 224
Handguns	 225
Rifles	 226
Shotguns	 226
Assault rifles	 226
Firearms manufacturing methods	 226
Explosives and propellants	 227
Ballistics	 227
Firearms evidence handling and labeling	 228
Firearms comparisons	 229
Gunshot residue analysis	 231
Questions	 231
Bibliography	 232



x    ﻿ Contents﻿

14		 Fire, arson, and explosives	 235
Learning objectives	 235
Fire	 236
Arson and accelerants	 240
Explosives	 244
Incendiary weapons	 245
Identification of explosives	 246
Questions	 247
Bibliography	 248

15		 C hemical, biological, radiological, nuclear, and explosives (CBRNE) 	 251
Learning objectives	 251
Weapons of mass destruction	 251
Chemical weapons	 253
Blood agents	 253
Pulmonary/choking agents	 254
Blister agents	 255
Nerve gases	 256
Nettle or urticant agents	 257
Incapacitating agents	 257
Vomiting agents	 258
Riot/tear agents	 258
Trends in chemical characteristics of chemical warfare agents	 259
Toxic industrial chemicals	 259
Detection and identification methods	 259
Biological weapons	 262
History of biological weapons use	 262
Modern threat classification	 263
Recent biological weapons cases and ongoing threats	 264
Bacteria	 265
Fungi	 265
Viruses	 266
Protein toxins	 267
Small molecule toxins	 271
Methods of detection and identification	 272
Nuclear weapons	 273
Nuclear chemistry reactions and types of radiation	 274
Radioactive decay and half-life	 275
History of nuclear chemistry and radioactivity	 276
Modes of radioactive decay	 277
Isotopes and nuclear reactions	 278
Uses of radionuclides in bombs	 278
Radioactivity units	 279
Detection and identification of radioactive material	 280
Cases of accidental poisoning with radiological material	 281
“ Dirty bombs”  and accessibility of radioactive material	 282
Treatment of radiation poisoning	 282
Use of radioactive isotopes in nuclear power plants	 283
Identification of a nuclear bomb detonation versus a nuclear power plant meltdown	 284
Dual use research: Impacts and publication	 284
Emerging threats and designer weapons	 286
Questions	 287
Bibliography	 288



Contents﻿﻿    xi

16		 Environmental forensics	 295
Learning objectives	 295
Pesticides	 297
Herbicides	 300
Fungicides	 301
Antimicrobials	 302
In the environment	 304
Examples of detection, identification, and quantification of herbicides and pesticides	 306
Questions	 308
Bibliography	 309

Index	 311



https://taylorandfrancis.com/


xiii

List of Figures

Figure 1.1	 Methamphetamine lab crime scene.	 5

Figure 1.2	 Evidence collection tools.	 5

Figure 1.3	 Forensic analysis from the crime scene to the lab.	 7

Figure 1.4	 NFPA diamond with meanings of scale (a); NFPA diamond for methanol (b).	 8

Figure 1.5	 Accuracy and precision.	 8

Figure 2.1	 Morphine and formaldehyde combine to form an oxocarbenium salt in the Marquis reaction.	 17

Figure 2.2	 Ehrlich reagent complex with LSD.	 18

Figure 2.3	 Fast Blue B salt (KN test) reaction with two molecules of THC.	 19

Figure 2.4	 Proposed Dille– Koppanyi reaction product coordination complex.	 19

Figure 2.5	 Complex formed with cobalt thiocyanate test reagent.	 20

Figure 2.6	 Mecke test reaction: oxidation of morphine by sulfuric acid.	 20

Figure 2.7	 Chen test complex with ephedrine molecules.	 21

Figure 2.8	 Ferric chloride test product with 5-sulfosalicylic acid.	 21

Figure 2.9	 Apomorphine formed using the potassium permanganate reagent.	 22

Figure 2.10	 Ammonium phosphomolybdate.	 22

Figure 2.11	 Zimmerman’s test for benzodiazepines.	 23

Figure 2.12	 Selected colorimetric spot tests for drugs on a spot plate.	 24

Figure 2.13	 Griess test chemical reaction.	 25

Figure 2.14	 Crystals formed with microcrystalline tests.	 26

Figure 3.1	 Magnifying glass.	 34

Figure 3.2	 Real versus virtual image.	 35

Figure 3.3	 Compound light microscope.	 36

Figure 3.4	 Wavelength and amplitude.	 36

Figure 3.5	 Michel-Levy chart.	 37

Figure 3.6	 Resolution of two objects.	 38

Figure 3.7	 Stereoscope.	 38

Figure 3.8	 Light reflected off bullets.	 39

Figure 3.9	 Objective lenses with specifications.	 39

Figure 3.10	 Polarized light microscope.	 40

Figure 3.11	 A rayon fiber viewed using a polarizing light microscope (a), with a retarding analyzer (b),  
and with a compensator retardation plate inserted (c).	 41



xiv    ﻿ List of Figures﻿

Figure 3.12	 Fluorescence microscope.	 42

Figure 3.13	 Infrared microspectrophotometer.	 43

Figure 3.14	 Comparison microscope.	 44

Figure 3.15	 Comparison ballistics microscope.	 45

Figure 3.16	 Two fibers in a split field of view recorded using a comparison microscope.	 45

Figure 3.17	 Two cartridge cases in a split field of view recorded using a comparison microscope.	 46

Figure 3.18	 Scanning electron microscope.	 46

Figure 3.19	 TEM of gold nanoparticles.	 47

Figure 4.1	 Electromagnetic spectrum.	 53

Figure 4.2	 Schematic of the light path in a UV-Vis spectrometer.	 54

Figure 4.3	 UV-Vis cuvette.	 54

Figure 4.4	 Chemical structures of chromophores FD&C Yellow 5 and Red Dye 40.	 55

Figure 4.5	 Excitation of an electron from the ground state to a higher energy level.	 55

Figure 4.6	 UV-Vis absorption from the HOMO to the LUMO energy level.	 55

Figure 4.7	 UV-Vis absorption spectrum of DNA.	 56

Figure 4.8	 UV-Vis absorption spectra of red food coloring at dilutions of 1:10 and 1:1000.	 56

Figure 4.9	 Dilution series concentration standard red food dye.	 57

Figure 4.10	 Beer’s Law calibration curve of red food dye dilution series.	 57

Figure 4.11	 NanoDrop UV-Vis spectrophotometer.	 58

Figure 4.12	 UV-Vis spectrometer.	 58

Figure 4.13	 UV-Vis absorption spectrum of bovine hemoglobin.	 59

Figure 4.14	 UV-Vis absorption spectrum of salicylic acid.	 59

Figure 4.15	 Fluorescence spectrometer.	 60

Figure 4.16	 Fluorescence emission of light energy after excitation of an electron to an excited state.	 60

Figure 4.17	 Schematic of a fluorescence spectrometer.	 61

Figure 4.18	 Excitation-emission plot of bovine serum albumin bound to gold nanoparticles in preparation 
for conjugation to an antibody for lifestyle analysis of fingerprints.	 62

Figure 4.19	 Structures of fluorophores ethidium bromide, fluorescein, and SYBR Green I.	 62

Figure 4.20	 Quantitation of E. coli standard DNA using real-time PCR with SYBR Green I  
fluorescence.� 63

Figure 4.21	 Infrared vibrations.	 64

Figure 4.22	 Schematic of ATR FT-IR diamond crystal and evanescent wave.	 66

Figure 4.23	 ATR FT-IR spectrometer.	 66

Figure 4.24	 A polystyrene thin film standard in the sample holder in an infrared spectrophotometer.	 67

Figure 4.25	 ATR FT-IR spectrum of red and green food dyes.	 67

Figure 4.26	 ATR FT-IR spectrum of salicylic acid.	 68



List of Figures﻿﻿    xv

Figure 4.27	 Jablonski diagram of Raman spectroscopy as compared to other spectroscopy types.	 68

Figure 4.28	 Raman spectrometer.	 69

Figure 4.29	 Raman spectrum of salicylic acid.	 69

Figure 5.1	 Mass spectra of (a) acetone and (b) propionaldehyde.	 80

Figure 5.2	 Mass spectra of (a) 1-propanol and (b) 2-propanol.	 82

Figure 5.3	 Chemical ionization of methane gas.	 83

Figure 5.4	 Molecular ion formation using ionized methane gas.	 83

Figure 5.5	 Mass spectrum of phentermine.	 85

Figure 5.6	 Mass spectrum of methamphetamine.	 85

Figure 5.7	 Mass spectrum of salicylic acid.	 86

Figure 5.8	 Collected mass spectrum of caffeine and library search result overlay (center).	 86

Figure 5.9	 400 MHz JEOL NMR spectrophotometer.	 88

Figure 5.10	 An NMR sample tube.	 88

Figure 5.11	 1H NMR spectrum of lidocaine in D2O.	 89

Figure 5.12	 13C NMR ephedrine in D2O.	 91

Figure 5.13	 1H NMR ephedrine in D2O.	 92

Figure 5.14	 1H NMR α-PVT alone and cut with powdered sugar in D2O.	 93

Figure 6.1	 A silica TLC plate in a developing chamber.	 101

Figure 6.2	 A silica TLC plate used to separate inks.	 102

Figure 6.3	 Paper chromatography used to separate inks.	 103

Figure 6.4	 FPLC instrument with fraction collector.	 104

Figure 6.5	 Elution profile of proteins separated using FPLC.	 105

Figure 6.6	 Steel-jacketed HPLC C18 column.	 105

Figure 6.7	 HPLC instrument.	 106

Figure 6.8	 HPLC elution profile of protein separation.	 107

Figure 6.9	 UPLC instrument.	 107

Figure 6.10	 Schematic of GC-MS.	 108

Figure 6.11	 GC-MS instrument.	 108

Figure 6.12	 GC-MS vials with insert (left) and without (right).	 109

Figure 6.13	 Salicylic acid and caffeine are separated by GC. Their boiling points are 211°C  
and 178°C, respectively.	 110

Figure 6.14	 GC-FID used in determination of blood alcohol content.	 111

Figure 6.15	 A capillary electrophoresis instrument.	 112

Figure 7.1	  Principle of emission spectroscopy.	 117

Figure 7.2	  Student spectroscope.	 118

Figure 7.3	  Line spectra of elements (a) neon, (b) argon, and (c) nitrogen.	 119



xvi    ﻿ List of Figures﻿

Figure 7.4	 Quantitation of iron using UV-Vis spectroscopy and Beer’s Law on complexation  
with salicylic acid.	 119

Figure 7.5	 ATR FT-IR spectrum of the inorganic pigment sodium nitroprusside.	 120

Figure 7.6	 Raman spectrum of the inorganic pigment sodium nitroprusside.	 120

Figure 7.7	 XRF instrument.	 121

Figure 7.8	 XRF spectrum.	 122

Figure 7.9	 Atomic absorption spectrometer.	 123

Figure 7.10	 ICP-MS instrument.	 124

Figure 8.1	 Drug seizure of cannabis, cocaine, and MDMA.	 131

Figure 8.2	 Chemical structures of controlled substances amphetamine, heroin, fentanyl, THC, 
phenobarbital, JWH-018, and testosterone.	 132

Figure 8.3	 Seized marijuana plant material submitted to the Maryland State Police crime lab for analysis.	 136

Figure 8.4	 Kratom capsule and contents.	 142

Figure 8.5	 Acidic (top row: aspirin, ibuprofen, and cocaine hydrochloride) and basic (bottom row: 
caffeine, nicotine, and crack cocaine) drugs.	 145

Figure 8.6	 UV-Vis spectrum for methamphetamine collected using a NanoDrop UV-Vis  
spectrophotometer.	 145

Figure 8.7	 UV-Vis spectrum for phentermine collected using a NanoDrop UV-Vis spectrophotometer.	 146

Figure 8.8	 Mass spectrum for methamphetamine collected using an Agilent 5975C MSD.	 146

Figure 8.9	 Mass spectrum for phentermine collected using an Agilent 5975C MSD.	 147

Figure 8.10	 ATR FT-IR spectra of methamphetamine and phentermine.	 147

Figure 9.1	 Structure of ethanol.	 155

Figure 9.2	 BAC over time in hours with and without food intake.	 155

Figure 9.3	 ALDH enzymatic reaction to convert ethanol to formaldehyde.	 156

Figure 9.4	 ClustalW 2.1 ALDH1A1 and ALDH2 protein sequence alignment with Glu504Lys 
mutation in yellow.	 156

Figure 9.5	 Crystal structure of human ALDH2 (3sz9.pdb) bound to 1-(4-ethylbenzene) 
prop-2-en-1-one inhibitor.	 157

Figure 9.6	 Relative risk increases as blood alcohol concentration increases.	 157

Figure 9.7	 Screenshot of BAC Free app blood alcohol determination for a male (left) and female (right) of 
the same weight and alcohol consumed.	 158

Figure 9.8	 ATR FT-IR spectrum of ethanol.	 159

Figure 9.9	 Heroin metabolism reaction.	 161

Figure 9.10	 Human carboxylesterase 1 (hCE1) bound to naloxone methiodide, a heroin  
analogue (1MX9.pdb).	 161

Figure 9.11	 Chemical structures of poisons including CO2, CO, CN, HCl, Cl2.	 162

Figure 9.12	 Structure of human hemoglobin (1gzx.pdb), a hetero-tetramer consisting of two alpha and two beta 
chains. The ribbons, which represent the alpha helices, are colored by the order of the secondary structure elements 
and trace the backbone structure of the protein chains. The oxygens are shown as four white diatomic balls, each in 



List of Figures﻿﻿    xvii

one quadrant of the structure, and are tethered by the heme moieties shown in stick form. The proximal and distal 
histidine residues that are essential for oxygen binding are shown in purple. Poisons including diatomic gases CO, 
CN, HCl, and Cl2 can bind at the oxygen binding site in the protein. Carbon dioxide (CO2) binds at the allosteric 
site to induce a conformational change in the protein to promote oxygen release into the cell.	 163

Figure 10.1	 Locard’s exchange principle.	 169

Figure 10.2	 Determination of glass density.	 170

Figure 10.3	 ATR FT-IR spectra of nail polish paint of different colors.	 174

Figure 10.4	 ATR FT-IR spectra of clearcoat from three automobiles.	 175

Figure 10.5	 Chemical structures of plastic polymers.	 176

Figure 10.6	 ATR FT-IR spectra of selected materials from the six recycling codes.	 176

Figure 10.7	 Schematic and cross section of hair.	 178

Figure 10.8	 Images of human Caucasian (left) and Negroid (right) hairs under a comparison microscope.	 179

Figure 10.9	 Micrograph of red fox (left) and deer (right) hairs.	 181

Figure 10.10	 Micrograph of horse (left) and rabbit (right) hairs.	 181

Figure 10.11	 Micrograph of acrylic (left) and acetate (right) fibers.	 182

Figure 10.12	 ATR FT-IR spectra of synthetic fibers acrylic, Antron nylon, acetate, and Dacron polyester.	 183

Figure 10.13	 ATR FT-IR spectra of natural fibers cotton, coconut husk, silk, and viscose.	 183

Figure 10.14	 ATR FT-IR spectra of hairs from human, dog, cat, rabbit, camel, musk ox, yak,  
llama, sheep, and goat.	 184

Figure 10.15	 Micrograph of tape weave and pattern matching.	 185

Figure 11.1	 US $50 viewed under white light.	 194

Figure 11.2	 US $50 viewed using an ALS shows the fluorescent fibers in the paper.	 194

Figure 11.3	 US $50 viewed under UV light shows the security strip.	 195

Figure 11.4	 Microwriting is visible on a US $50 bill on magnification.	 195

Figure 11.5	 Original numbers in red ink (top left); original numbers viewed under the ALS (top right); 
altered numbers in red ink (bottom left); and altered numbers viewed under the ALS (bottom right).	 196

Figure 11.6	 IR spectra of color paper.	 196

Figure 11.7	 TLC plate containing separations of inks from four red pens.	 197

Figure 11.8	 TLC of ink from four red pens excited using a UV light.	 198

Figure 11.9	 UV-Vis spectra of pen inks from various manufacturers.	 198

Figure 11.10	 ATR FT-IR spectra of red pen inks from various manufacturers.	 199

Figure 11.11	 ATR FT-IR spectra of blue pen inks from various manufacturers.	 199

Figure 11.12	 ATR FT-IR spectra of black pen inks from various manufacturers.	 200

Figure 11.13	 ATR FT-IR spectrum of crystal (Gentian) violet dye.	 200

Figure 11.14	 Raman spectrum of crystal (Gentian) violet dye.	 201

Figure 11.15	 West Midlands Police preserve footprint evidence.	 201

Figure 11.16	 Suspect footprint impression evidence in the snow (simulated evidence).	 202



xviii    ﻿ List of Figures﻿

Figure 11.17	 Cast of a suspect’s shoe (simulated evidence) in dental stone.	 202

Figure 11.18	 Biofoam cast of a reference shoe (simulated evidence).	 203

Figure 11.19	 Inked suspect shoe prints (simulated evidence).	 203

Figure 11.20	 Inked tire tread prints.	 204

Figure 11.21	 Tool impressions in wood.	 205

Figure 11.22	 Impressed serial number in metal.	 205

Figure 12.1	 Three men share remarkably similar facial characteristics but their fingerprints are different.	 211

Figure 12.2	 Fingerprints with a (left to right) double loop, whorl, and single loop.	 212

Figure 12.3	 Fingerprint minutiae.	 212

Figure 12.4	 Fingerprint points for analysis.	 213

Figure 12.5	 Fingerprint dusted with black magnetic fingerprint powder.	 215

Figure 12.6	 Fingerprint developed on currency by dusting with fluorescent fingerprint powder and 
viewing under UV light.	 215

Figure 12.7	 Superglue fuming humidity chamber.	 216

Figure 12.8	 Fingerprint developed using superglue fuming.	 216

Figure 12.9	 Fingerprint developed using ninhydrin.	 217

Figure 12.10	 Comparison of fingerprints using a comparison microscope.	 218

Figure 13.1	 Components of a bullet (1-bullet; 2-casing; 3-propellant; 4-rim; 5-primer).	 225

Figure 13.2	 Revolver handgun (0.357 Magnum).	 225

Figure 13.3	 Pistol.	 225

Figure 13.4	 Rifle.	 226

Figure 13.5	 Shotgun.	 227

Figure 13.6	 AR-15 rifle.	 227

Figure 13.7	 Lands and grooves in a barrel.	 228

Figure 13.8	 Structures of primer explosives.	 228

Figure 13.9	 Structures of gunpowder propellants.	 229

Figure 13.10	 Selected cartridges with bullets (left to right): (1) .17 HM2; (2) .17 HMR; (3) .22LR; 
(4) .22 WMR; (5) .17 SMc; (6) 5 mm/35 SM4; (7) .22 Hornet; (8) .223 Remington; (9) .223 WSSM; (10) .243 
Winchester; (11) .243 Winchester Improved (Ackley); (12) .25–06; (13) .270 Winchester; (14) .308; (15) .30–06; 
(16) .45–70 Govt; (17) .50–90 Sharps.	 229

Figure 13.11	 Micrograph of lands, grooves, twists, and striations on 7.62 × 51 mm NATO bullets and an 
unfired cartridge, with counterclockwise rifle marks.	 230

Figure 13.12	 Dermal nitrate test.	 231

Figure 14.1	 Fire triangle.	 237

Figure 14.2	 Fire “V” charring pattern.	 239

Figure 14.3	 Developmental stages of a fire.	 239

Figure 14.4	 Ignitable liquids: methyl ethyl ketone, charcoal lighter fluid, and turpentine.	 240



List of Figures﻿﻿    xix

Figure 14.5	 Gas chromatogram of 1-butanol. The sample was run on an Agilent 7890A and 0.2 µL of a 
1 µL/mL solution prepared in methanol was injected at 280°C and cooled to 50°C for 2 minutes prior to 
separation with a 50°C–280°C temperature ramp at a rate of 60°C/min. The final temperature was held for 
4 minutes; the run time was 9.83 min.	 242

Figure 14.6	 Gas chromatogram of unburned lighter fluid.	 242

Figure 14.7	 Gas chromatogram of unburned gasoline.	 243

Figure 14.8	 Gas chromatogram of unburned turpentine.	 243

Figure 14.9	 Gas chromatogram of unburned kerosene.	 243

Figure 14.10	 Gas chromatogram of unburned lamp oil.	 243

Figure 14.11	 Mass spectrum of dodecane found in kerosene.	 244

Figure 14.12	 Chemical structures of explosives.	 245

Figure 14.13	 Molotov cocktail.	 246

Figure 14.14	 Improvised explosive device.	 246

Figure 14.15	 ATR FT-IR spectra of explosives NH4NO3, KNO3, NaNO3, KClO4, and NaClO4.	 247

Figure 15.1	 Chemical structures of blood agents.	 254

Figure 15.2	 Chemical structures of pulmonary/choking agents.	 254

Figure 15.3	 Chemical structures of blister agents.	 255

Figure 15.4	 Chemical structures of nerve agents.	 256

Figure 15.5	 Chemical structure of a nettle/urticant agent.	 258

Figure 15.6	 Chemical structure of an incapacitating agent.	 258

Figure 15.7	 Chemical structures of vomiting agents.	 259

Figure 15.8	 Chemical structures of riot/tear agents.	 259

Figure 15.9	 Bacillus anthracis stained with the Gram stain.	 266

Figure 15.10	 E. coli culture.	 267

Figure 15.11	 Castor beans containing ricin.	 268

Figure 15.12	 Ricin A chain structure (1ift.pdb).	 269

Figure 15.13	 Abrin A chain structure (1abr.pdb).	 269

Figure 15.14	 Methods and chemicals used in ricin extraction and crude and analytical purification schemes.	 270

Figure 15.15	 Botulinum toxin (1bta.pdb).	 271

Figure 15.16	 Diphtheria toxin (1f0l.pdb).	 271

Figure 15.17	 Structures of biological toxins.	 272

Figure 15.18	 Uranium cake, a form of uranium oxide.	 277

Figure 15.19	 23 kiloton XX-34 BADGER 1953 US nuclear bomb test at the Nevada Test Site.	 279

Figure 15.20	 Geiger counter.	 281

Figure 15.21	 Chernobyl Unit 4 reactor damaged by nuclear meltdown.	 284

Figure 15.22	 Fukushima Dai-ichi Nuclear Power Plant near reactor Unit 3 damaged by a 2011 earthquake 
and 15-meter tsunami.	 285



xx    ﻿ List of Figures﻿

Figure 16.1	 Structures of pesticides by class: organophosphates, pyrethroids, carbamates, and organochlorines.	 297

Figure 16.2	 Structure of DDT.	 298

Figure 16.3	 Structures of organochlorine pesticides.	 298

Figure 16.4	 Structures of organophosphate pesticides.	 299

Figure 16.5	 Structures of carbamates.	 299

Figure 16.6	 Structures of pyrethrins.	 300

Figure 16.7	 Herbicide products.	 301

Figure 16.8	 Structures of chlorinated herbicides.	 301

Figure 16.9	 Structures of sulfonylurea herbicides.	 302

Figure 16.10	 Structures of glyphosate and fluazifop-p-butyl herbicides.	 302

Figure 16.11	 Structures of selected agricultural fungicides.	 304

Figure 16.12	 Structures of selected antifungals.	 304

Figure 16.13	 Structures of selected antibiotics.	 305

Figure 16.14	 Fluorescence EEM plot for the SRFA-Al3+-DCPPA ternary solution prepared at pH 4.0 in 0.1 
M NaClO4 buffer containing 15 mg/L SRFA, 0.300 mM Al3+, and 0.715 mM 2,4-dichlorophenoxypropionic 
acid. The solution was incubated in the dark for 24 hours, then excited from 300 to 360 nm (y-axis), and 
detected fluorescence emission was plotted from 380 to 500 nm (x-axis). The relative fluorescence units (color) 
are plotted from 0 to 100 (z-axis).	 307

Figure 16.15	 Mass spectra f 2,4-D (a) and 2,4,5-T (b).	 308



xxi

List of Tables

Table 1.1	 Brief history of some notable advances in forensic chemistry	 3

Table 1.2	 Units of forensic laboratories that use forensic chemistry	 4

Table 1.3	 Examples of class and individual characteristics for physical evidence types	 6

Table 1.4	 SWGDRUG categories of analytical techniques by discriminating power (Category 
A > Category B > Category C)	 9

Table 2.1	 Positive results with color tests for explosives	 25

Table 4.1	 Nobel Prize Laureates in the field of spectroscopy	 54

Table 4.2	 Fluorophores and their excitation and emission maxima	 61

Table 4.3	 Infrared spectrum ranges	 63

Table 4.4	 IR correlation chart	 65

Table 4.5	 Raman versus infrared spectroscopy: A contrasting view	 70

Table 4.6	 Correlation chart for Raman spectroscopy	 71

Table 5.1	 Nobel Prizes awarded for advances in mass spectrometry	 79

Table 5.2	 Commonly observed fractionation ions in mass spectrometry	 81

Table 5.3	 Nobel Laureates in the field of NMR	 87

Table 5.4	 Chemical shift for several proton types	 90

Table 5.5	 Chemical shift by carbon type	 91

Table 6.1	 Gas chromatography stationary phases and their applications	 109

Table 6.2	 Boiling point and order of elution of hydrocarbons in fuels on a GC equipped with a 
polydimethylsiloxane column	 110

Table 6.3	 Gas chromatography detectors and their applications	 111

Table 7.1	 Flame colors of metals	 118

Table 8.1	 Controlled Substance Act drug schedule	 131

Table 8.2	 Banned exogenous anabolic androgenic steroids as of January 1, 2012. Related drugs with the 
same parent structure and biological activity are also banned	 140

Table 8.3	 Drugs and their chemical and spectroscopic features	 143

Table 9.1	 Drugs and secondary metabolites	 160

Table 9.2	 Retention time in urine for several drugs	 162

Table 10.1	 Chemical composition of six common glass types	 169

Table 10.2	 Densities of various types of glass	 170

Table 10.3	 Refractive indices for liquids and oils	 171

Table 10.4	 Refractive indices for several types of glass	 172



xxii    ﻿ List of Tables﻿

Table 10.5	 Soil particles by size	 173

Table 10.6	 Plastic polymers by uses and recycling code	 175

Table 10.7	 Characteristics of human head hairs	 178

Table 10.8	 Fibers and their uses	 180

Table 10.9	 Fiber characteristics	 182

Table 11.1	 Fluorescence observed using an ALS on several red inks 	 195

Table 12.1	 Latent print development methods	 214

Table 14.1	 Flash point and autoignition temperature for selected ignitable liquids	 237

Table 14.2	 Heats of combustion for various fuels	 238

Table 14.3	 Boiling point and molecular mass of common ignitable liquid accelerants or major components	 241

Table 14.4	 Ignitable liquids in the light, medium, and heavy classes	 242

Table 14.5	 Major mass spectrometry ion peaks for different hydrocarbon compound cation types. More 
masses are included in Table 5.2	 244

Table 15.1	 Chemical properties of chemical weapons	 260

Table 15.2	 US CDC Category A, B, and C agents	 264

Table 15.3	 Categories of bacteria by Gram stain	 266

Table 15.4	 Viruses by type and lethal dose (where reported)	 267

Table 15.5	 Sizes and toxicity of protein toxins (in kilo Daltons, kDa)	 268

Table 15.6	 Methods and chemicals used in ricin extraction and crude and analytical purification schemes	 270

Table 15.7	 Radioactive particles	 274

Table 15.8	 Radiation emitted by commonly encountered radionuclides; all nuclides with more than 
83 protons are radioactive	 275

Table 15.9	 Nobel prizes awarded in nuclear chemistry	 276

Table 16.1	 Classification of herbicides by inhibition effect	 303

Table 16.2	 Classification of pesticides based on toxicity by the EPA	 305



xxiii

Acknowledgments

I was first asked to teach an undergraduate forensic chemistry course a dozen years ago. It was a team‑taught course 
in which I focused most of my efforts on the forensic biology portion. Even so, forensic science intrigued me and I was 
hooked. I stayed only pages ahead of my students that semester and was grateful to have Richard Saferstein’ s book 
Criminalistics: An Introduction to Forensic Science  (Pearson, 2003, 8th ed.) to teach me what my academic training in 
chemistry and biochemistry had not.

I am grateful to Todd Hizer for giving me the chance to teach forensic chemistry the first time. I am fortunate to 
have had excellent mentors including Chris Tindall, Jr., now retired, who tasked me with creating a new forensic 
biology course and also gave me the opportunity and tools to teach courses in forensic chemistry and drug analy‑
sis. Thanks also to Tom Brettell and Larry Quarino who have been very helpful in guiding me to become a forensic 
scientist. Thanks to Sue Schelble for offering me so many opportunities and inviting me to collaborate to bring 
nuclear magnetic resonance spectroscopy to undergraduates. Thank you to Tim Brunker for teaching me how to use 
Towson’ s nuclear magnetic resonance spectrometer, Ellen Hondrogiannis for guiding me on gas chromatography-
mass spectrometry, Cindy Zeller for training me on our new capillary electrophoresis instrument, and George Kram 
for instructing me on the use of the Raman spectrometer. Thanks to Keith Reber for providing use of and tutorials 
on MNova and Dan Macks for providing use of ChemDraw. Thank you to Beth Kautzman for useful discussions 
of end of chapter questions. Thanks to Tim Phillips for taking photographs for this book. Thanks to Ashley Cowan 
for preparing all of the chemical structure figures, performing literature research, reviewing the manuscript, and 
formatting most of the references for this book. Thanks to Ryan Casey for supporting me writing this book and my 
forensic chemistry students for their ideas and feedback. Thank you to the Chemistry Department for stimulating 
lunch conversations. I am glad to work with you every day.

Thank you to my family, friends, and three children who encouraged me in this project and supported my long 
summer days of writing. Thank you to Karen Pinco for the discussions about writing and sharing in the journey. 
I am grateful to my early readers and manuscript reviewers who made many excellent suggestions for improvement 
including Alicia Quinn, Ashley Cowan, Theresa DeAngelo, Mark Profili, and Sue Schelble.

Thanks to Mark Listewnik, acquisitions editor, who approached me about taking on this project. It has been a plea‑
sure to work with you. I truly appreciate the work of Mark Listewnik and Misha Kydd at CRC Press/Taylor & Francis 
who have guided me in making this a better book. Thank you to Lara Silva McDonnell of Deanta Global for editing 
services.

I am grateful to everyone who reads and uses my books. I truly appreciate the emails from faculty who have adopted 
my books and correspondence from my readers.



https://taylorandfrancis.com/


xxv

Author

Kelly M. Elkins  earned a BS in biology and BA in chemistry from Keene State College in Keene, New Hampshire. 
She went on to earn MA and PhD degrees in chemistry from Clark University in Worcester, Massachusetts. She 
was a Fulbright Scholar in Heidelberg, Germany, from 2001 to 2002 and a Cancer Research Institute postdoctoral 
fellow in the Biology Department at MIT in Cambridge, Massachusetts, from 2003 to 2004. She was a temporary 
assistant professor of chemistry at Armstrong Atlantic State University in Savannah, Georgia, for two years and an 
assistant professor of chemistry at Metropolitan State College of Denver in Denver, Colorado, for five years, where she 
served as director of the Criminalistics Program (2010– 2012), a Forensic Science Education Programs Accreditation 
Commission (FEPAC)-accredited program, supervised undergraduate research and internships, and developed 
the curriculum for their Criminalistics II (Forensic Biology) course. She joined the Towson University Chemistry 
Department and FEPAC-accredited Forensic Sciences program in 2012, where she is currently associate professor of 
the Chemistry and Graduate Faculty in the Masters of Science in Forensic Science Program. She teaches undergradu-
ate and graduate forensic chemistry courses including Forensic Chemistry, Forensic Serology, and Weapons of Mass 
Destruction. Her research interests include the development of new methodologies and course materials to support 
forensic science. Her research focuses on the development of new real-time high-resolution melt polymerase chain 
reaction assays for species identification of “ legal high”  plants, controlled species, and food-borne pathogens.

Dr. Elkins is a member of the American Chemical Society (ACS) and the American Academy of Forensic Sciences 
(AAFS). She was promoted to Fellow of the American Academy of Forensic Sciences in 2018. She is a member of the 
ACS Ethics Committee (ETHX) and the ACS Exams Institute Diagnostic of Undergraduate Chemical Knowledge 
(DUCK) 2017 exam committee. She is an elected alternate Councilor of the Maryland sections of the ACS and co-chair 
of the Women Chemists committee. She is also a member of the Council of Forensic Science Educators (President, 
2012). Dr. Elkins has published five book chapters and twenty-five peer-reviewed papers in journals including the 
Journal of Forensic Sciences , Drug Testing and Analysis , and Medicine, Science and the Law . She has presented her 
work at national and international conferences in the United States, Canada, Mexico, England, Germany, Russia, and 
Korea. Her work has been funded by the National Science Foundation, Maryland TEDCO, ACS Project Seed, ACS 
Petroleum Research Fund, and the Forensic Sciences Foundation. She has been interviewed by NBC 9News Denver, 
FOX 31 News Denver, ABC 7 News Denver, the Denver Post , and Forensic Magazine  as a forensic expert. Her research 
was recently highlighted by GenomeWeb.com and she recently contributed an invited article to The Expert Witness  
journal. Her first book is Forensic Biology: A Laboratory Manual  (2013).

http://GenomeWeb.com


https://taylorandfrancis.com/


xxvii

List of abbreviations

AA 	 atomic absorption
AAFS 	 American Academy of Forensic Sciences
ABC 	 American Board of Criminalistics
ABFT 	 American Board of Forensic Toxicology
ACS 	 American Chemical Society
ADH 	 alcohol dehydrogenase
ALDH 	 acetaldehyde dehydrogenase
ALS 	 alternate light source
amu 	 atomic mass units
ANFO 	 ammonium nitrate fuel oil
ANZFSS 	 Australian and New Zealand Forensic Science Society
ASCLD 	 American Society of Crime Lab Directors
ASCLD -Lab 	 American Society of Crime Laboratory Directors-Laboratory Accreditation Board
ASTM 	 American Society of the International Association for Testing and Materials
ATCC 	 American Type Culture Collection
ATF 	 Bureau of Alcohol, Tobacco, Firearms and Explosives
ATR FT -IR 	 attenuated total reflectance Fourier transform-infrared spectroscopy
BAC 	 blood alcohol concentration
Bq 	 becquerel
BWC 	 biological weapons convention
BZP 	 N-benzylpiperazine
CBRNE 	 chemical, biological, radiological, nuclear, and explosives
CDC 	 Centers for Disease Control
CE 	 capillary electrophoresis
CI 	 chemical ionization
CMYB 	 cyan-magenta-yellow-black
COSY 	 correlation spectroscopy
CSA 	 Controlled Substances Act
CSFS 	 Chartered Society of Forensic Sciences
DART 	 direct analysis in real-time
DDT 	 dichlorodiphenyltrichloroethane
DEAE 	 diethyl amino ethyl cellulose
DEA 	 Drug Enforcement Agency
DHS 	 Department of Homeland Security
DMT 	 dimethyltryptamine
DNA 	 deoxyribonucleic acid
DRIFTS 	 diffuse reflectance infrared Fourier transform spectroscopy
DURC 	 dual use research of concern
E 	 energy
ECD 	 electron capture detector
EDS 	 energy dispersive spectroscopy
EDTA 	 ethylene diamine tetra acetic acid
EI 	 electron impact ionization
ELISA 	 enzyme-linked immunosorbent assay
EM 	 electron multiplier
EPA 	 Environmental Protection Agency



xxviii    ﻿ List of abbreviations﻿

ESI 	 electrospray ionization
FBI 	 Federal Bureau of Investigation
FI 	 field desorption ionization
FID 	 flame ionization detector
FPLC 	 fast performance liquid chromatography
FSS 	 Forensic Sciences Society
GC 	 gas chromatography
GC -MS 	 gas chromatography– mass spectrometry
GHB 	 gamma-hydroxybutyrate
GPCR 	 G protein-coupled receptor
GSR 	 gunshot primer residue 
HDPE 	 high-density polyethylene
HGH 	 human growth hormone
HPLC 	 high-pressure liquid chromatography (also known as high-performance liquid chromatography)
HMBC 	 heteronuclear multiple bond correlation
HOMO 	 highest occupied molecular orbital
HSQC 	 heteronuclear single quantum coherence
IAFIS 	 Integrated Automated Fingerprint Identification System
IAI 	 International Association for Identification
IBIS 	 Integrated Ballistic Identification System
ICP -MS 	 inductively coupled plasma emission spectroscopy– mass spectrometry
IDDA 	 instrumental data for drug analysis
IED 	 improvised explosive device
IR 	 infrared spectroscopy
ISO 	 International Organization for Standardization accreditation
LA 	 laser ablation
LC 	 liquid chromatography
LDPE 	 low-density polyethylene
LUMO 	 lowest unoccupied molecular orbital
LSD 	 lysergic acid diethylamide
MALDI 	 matrix-assisted laser desorption/ionization
MDA 	 3,4-methylenedioxyamphetamine
MDMA 	 3,4-methylenedioxymethamphetamine
MMDA 	 5-methoxy-3,4-methylenedioxyamphetamine
MP 	 melting point
MRSA 	 methicillin-resistant Staphylococcus aureus
MSDS 	 material safety data sheet
NAA 	 neutron activation analysis
NCI 	 negative chemical ionization
NIBIN 	 National Integrated Ballistics Information Network
NIH 	 National Institutes of Health
NIST 	 National Institutes of Standards and Technology
NFPA 	 National Fire Protection Association
NHTSA 	 National Highway Traffic Safety Administration
NMR 	 nuclear magnetic resonance spectroscopy
NOESY 	 nuclear overhauser effect spectroscopy and experiments
NPS 	 new psychoactive substances
OSAC 	 Organization of Scientific Area Committee
PBI 	 polybenzimidazole
PCC 	 1-piperidinocyclohexanecarbonitrile
PCI 	 positive chemical ionization
PCP 	 phencyclidine
PCR 	 polymerase chain reaction



List of abbreviations﻿﻿    xxix

PD 	 plasma desorption
PDQ 	 paint data query
PEEK 	 polyether ether ketone
PEN 	 polyethylene naphthalate
PETE 	 polyethylene terephthalate
PETN 	 pentaerythritol tetranitrate
PFTBA 	 perfluorotributylamine
PI 	 photoionization
PID 	 photoionization detector
PLA 	 polylactic acid
PP 	 polypropylene
PPE 	 personal protective equipment
ppm 	 parts per million
PS 	 polystyrene
PSA 	 polysulfone
PTT 	 polytrimethylene terephthalate
PVA 	 polyvinylalcohol
PVC 	 polyvinyl chloride
QA 	 quality assurance
QC 	 quality control
QNB 	 3-quinuclidinyl benzilate
RDX 	 Research Department eXplosive
RNA 	 ribonucleic acid
RFLP 	 restriction fragment length polymorphism
RFU 	 relative fluorescence units
RGB 	 red-green-blue
ROESY 	 rotating frame nuclear overhauser effect spectroscopy
RUVIS 	 reflected ultraviolet imaging system
SCAN 	 scan mode
SERS 	 signal-enhanced Raman spectroscopy
SEM 	 scanning electron microscope
SIM 	 single ion monitoring mode
SOFT 	 Society of Forensic Toxicologists
SOP 	 standard operating procedure
SPME 	 solid phase microextraction
SRM 	 standard reference material
Sv 	 sievert
SWGDRUG 	 Scientific Working Group for the Analysis of Seized Drugs
TATP 	 triacetone triperoxide
TEM 	 transmission electron microscope
TEPP 	 tetraethyl pyrophosphate
THC 	 tetrahydrocannabinol
TIC 	 toxic industrial chemicals
TLC 	 thin-layer chromatography
TMS 	 tetramethylsilane
TNB 	 trinitrobenzene
TNT 	 trinitrotoluene
TOF 	 time-of-flight
TOCSY 	 total correlation spectroscopy
TS 	 thermospray ionization
TTI 	 transmitting terminal identifier
TWGFEX 	 Technical Working Group for Fire and Explosions
UMHW 	 ultra-high-molecular-weight polyethylene



xxx    ﻿ List of abbreviations﻿

UPLC 	 ultra-performance liquid chromatography
USDA 	 United States Department of Agriculture
UV 	 ultraviolet spectroscopy
UN Manual 	 United Nations Rapid Testing Method of Drugs of Abuse Manual
UNDOC 	 United Nations Office of Drugs and Crime
Vis 	 visible spectroscopy
WADA 	 World Anti-Doping Agency
WHO 	 World Health Organization
WMD 	 weapons of mass destruction
XRF 	 x-ray fluorescence spectroscopy



1

Chapter 1
An introduction to forensic chemistry and physical 
evidence

KEY WORDS: forensic science, forensic chemistry, criminalistics, physical evidence, crime scene investigator, chain 
of custody, class characteristics, individual characteristics, presumptive test, reference samples, comparison stan-
dards, safety data sheets, control samples, background controls, positive control, negative control, accuracy, preci-
sion, replicates, standard operating procedures, quality control, quality assurance, expert witness

LEARNING OBJECTIVES

•	To explain the difference between forensic science, criminalistics, and forensic chemistry
•	To understand the historical development of forensic science
•	To know the locations and identities of several forensic laboratories
•	To list the units of forensic laboratories that use forensic chemistry
•	To identify physical evidence in a forensic case
•	To differentiate between class and individual characteristics for physical evidence types
•	To identify the Scientific Working Group for the Analysis of Seized Drugs (SWGDRUG) categories of analytical 

techniques by category
•	To understand the role of the forensic chemist in the laboratory, in the forensic community, and in court

ALCOHOL POISONING: METHANOL AND OTHER DENATURANTS
A man arrived at the hospital hallucinating. Although not readily apparent, the hallucinations turned out to be a 
symptom of methanol present in the alcohol he had consumed.

Alcohol, also known as ethanol or ethyl alcohol, is the most widely used legal drug. It is a depressant and affects 
the central nervous system. At low doses, it can lead to the loss of inhibitions and increased talkativeness. At 
higher doses, it affects reasoning, behavior, memory, speech, emotion, and abstract thinking. At very high 
doses, it can lead to a loss of consciousness and death.

Passed in 1919, the 18th Amendment to the US Constitution banned the manufacture, sale, and transportation 
of alcoholic beverages into the country. Enforcement began with the passage of the Volstead Act on January 1, 
1920. Thus began prohibition. As a result, drinkers resorted to drinking wood alcohol and industrial alcohol with 
severe effects. Although alcohol was illegal to consume as a beverage, it was still used in industry and manufac-
turing in paint thinners, fuels, and medical supplies, and was also used as a solvent.

On September 7, 1919, the New York Times reported an increase in the numbers of deaths from people drinking 
wood alcohol as a substitute for grain alcohol. Methanol (methyl alcohol) is found in alcohol produced by distilling 
wood. The National Committee for the Prevention of Blindness recorded over 1000 reported cases of blindness 
(across the country) resulting from the consumption of wood alcohol. Dr. Alexander Gettler, a toxicologist with 
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the New York Office of the Chief Medical Examiner and Chemical Laboratory of the Pathological Department, 
Bellevue and Allied Hospitals, also reported an increase in deaths due to wood alcohol. He reported examining 
over 700 human organs for alcohol in 1918–1919. As a result, states began to pass laws to regulate and control 
the sale of wood alcohol.

Beginning in 1906, industrial users could purchase ethanol without paying the tax levied on drinking alcohol. The US 
government devised a method of making the ethanol deadly to drink—by adding methanol—while leaving the bulk 
chemical properties unchanged. (Methanol is used today in windshield washer fluid and is poisonous and extremely 
toxic.) The resultant alcohol was labeled as “denatured” alcohol. Several other denaturing methods followed. Some 
involved the addition of poisonous metals such as mercury, cadmium, and zinc to the ethanol. Others involved the 
addition of less lethal but extremely bitter compounds to the ethanol, rendering it undrinkable. Bootleggers hired 
chemists to distill the alcohol to remove the contaminants and return the ethanol to a composition that was safe to 
consume. In response, by mid-1927, new denaturants were added to the alcohol including common chemicals such 
as gasoline, kerosene, chloroform, camphor, ether, formaldehyde, acetone, iodine, and quinine.

Eventually, prohibition was overturned with the ratification of the 21st Amendment and consumption of alcohol 
was again legalized on December 5, 1933.
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Forensic science is the application of the scientific method to legal questions. The laws themselves are enforced and upheld 
by the criminal justice system including federal, state, and local law enforcement agencies and the courts. The goal of the 
criminal justice system is the establishment of the guilt or innocence of a suspect or suspects accused of a crime.

Forensic chemistry is a subdiscipline of forensic science. Its principles guide the analyses performed in modern foren-
sic laboratories. Forensic chemistry’s roots lie in medicolegal investigation, toxicology, and microscopy. Deaths due 
to tainted food products, new applications of materials in the home, drug use and abuse, and industrial pollution 
sped up the development of modern forensic science investigations and practices.

Forensic chemistry emerged in Europe in the 1830s with advances by scientists including James Marsh. Marsh was a 
British chemist who developed a method for testing the presence of arsenic in human tissue that was the first use of 
toxicology in a jury trial. The Marsh Test (1836), as it is now widely known, employs testing using zinc and sulfuric 
acid. Arsine gas is formed in the presence of even small amounts of arsenic; the method was used to detect the inges-
tion of rat poison containing arsenic in cases of suspected poisonings.

Approximately 50 years later, University of Pennsylvania professor Theodore Wormley authored the first American 
book, Micro-chemistry of Poisons (1885), dedicated in the preface to “the study of the chemical properties of poisons 
as revealed by the aid of the microscope.” The United States Pure Food and Drugs Act (1906), which was signed 
into law by then President Theodore Roosevelt, regulated food and medicines and ultimately paved the way for the 
modern Food and Drug Administration. The Pure Food and Drugs Act prevented the production and trafficking of 
poisonous, mislabeled, or adulterated foods as well as pharmaceutical drugs and alcoholic beverages. The American 
toxicologist Dr. Alexander Gettler was instrumental in advancing forensic chemistry in his work as chief chemist 
at the New York Medical Examiner’s office; he significantly advanced the science through his several publications 
including his paper “The Toxicology of Cyanide” published with his student J. Ogden Baine in 1938 in the American 
Journal of the Medical Sciences. It documents the case study of Fremont and Annie Jackson who died in 1922 by the 
inhalation of fumigation products in their Manhattan apartment.

As forensic chemistry is focused on materials analysis, innovations that have advanced the field have been many 
and varied as shown in Table 1.1. The innovations include the development of new discernible chemical reactions, 
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Table 1.1  Brief history of some notable advances in forensic chemistry

Year Advance

1590s Zacharias Janssen develops first compound light microscope

1784 First use of fracture edge matching/pattern matching in John Toms’ case
1810 Konigin Hanschritt document dye analyzed by chemical test
1828 William Nichol invents polarized light microscope
1835 Charles Wheatstone invents emission spectroscopy
1836 James Marsh develops test for arsenic and it is used in a jury trial
1858 Johann Peter Griess develops test for nitrites
1867 Alfred Nobel receives US patent for his invention of dynamite
1880 Henry Faulds suggests using fingerprints on clay and glass to solve crimes
1883 K. Mandelin develops test for strychnine later applied to alkaloids
1885 Theodore Wormley publishes book Micro-chemistry of Poisons
1889 Alexandre Lacassagne matches bullets using lands and grooves to a gun barrel
1891 Hans Gross describes the use of physical evidence in solving crimes in his book 

Handbuch für Untersuchungsrichter and coins the term Kriminalistik (Criminalistics)
1892 Francis Galton publishes first book on fingerprints
1894 Alphonse Bertillon’s handwriting analysis is used to convict Alfred Dreyfus (falsely)
1898 J. J. Thomson measures mass-to-charge ratio of the electron
1898 Paul Jeserich uses minutiae to individualize bullets
1903 Will West prison case solved using latent fingerprints
1903 M. S. Tswett separates plant pigments using paper chromatography
1906 President T. Roosevelt signs US Pure Food and Drugs Act signed into law
1910 Albert Sherman Osborn publishes Questioned Documents
1915 First use of chemical weapons
1919 Francis Aston builds the first fully functional mass spectrometer and later uses it to 

discover 212 naturally occurring isotopes
1928 Geneva Protocol signed that prohibits use of chemical and biological weapons in war
1928 C. V. Raman develops Raman spectroscopy
1930 Edmond Locard’s Principe de l’echange “Exchange Principle” coined
1930s Pierre Duquenois develops color test for THC
1940 Glenn Seaborg, Jospeh Kennedy, Edwin McMillan, Emilio Segre, and Arthur Wahl 

discover plutonium-239
1945 First nuclear magnetic resonance spectroscopy (NMR) spectra of liquids and solids by 

Felix Bloch and Edward Mills Purcell, independently
1948 Founding of the American Academy of Forensic Sciences
1951 Archer John Porter Martin and Richard Laurence Millington Synge invent modern gas 

chromatography
1955 Modern flame atomic absorption spectrometer developed by Sir Alan Walsh
1962 Rachel Carson publishes book Silent Spring
1970 First meeting of the Society of Toxicology on Long Island
1973 GC-MS applications to analysis of drugs and metabolites 
1974 Richard Ernst pioneers two-dimensional NMR COSY experiment
1974 SEM-EDX is applied to gunshot residue analysis
1977 Application of FT-IR in forensic science
1988 Franz Hillenkamp and Michael Karas pioneer the matrix-assisted laser desorption 

ionization-MS technique
1988 Introduction of enzyme-multiplied immunoassay technique (EMIT) in forensic toxicology
1991 Richard Ernst develops high-resolution nuclear magnetic resonance spectroscopy
1992 GC-IR is applied to forensic drug analysis
1996 Raman spectroscopy is introduced to forensic use
1997 Scientific Working Group for the Analysis of Seized Drugs is created by the US National 

Institute of Standards and Technology
2001 US Federal Bureau of Investigation investigates Amerithrax case of deaths due to 

mailed letters containing anthrax spores
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instrumental tools, books, laws, methods, index cases, and even the development of dual-use materials so often mis-
used by criminals.

While federal, state, and local law enforcement agencies are the primary providers of forensic chemistry services 
to the criminal justice system, private and university laboratories are also available for this purpose. In the United 
States, major federal agencies including the Federal Bureau of Investigation (FBI), Drug Enforcement Agency (DEA), 
Bureau of Alcohol, Tobacco, Firearms and Explosives (ATF), Environmental Protection Agency (EPA), Department 
of Homeland Security (DHS), and the Postal Service (USPS) have their own labs or contract with outside laboratories 
to perform forensic testing and research. In addition to the federal labs, states, cities, and counties may have their own 
forensic labs focused on criminal investigations. University forensic labs are common in Europe and other parts of the 
world. Forensic chemistry analyses are performed in sections including controlled substances analysis, toxicology, 
explosives and fire debris, trace evidence, latent prints, firearms, tool marks and impression evidence, and questioned 
documents. The units of the crime laboratory that utilize forensic chemistry, which will be covered in this book, are 
listed in  Table 1.2. Forensic laboratories also examine environmental samples that may contain pesticides, herbicides, 
and chemicals used as weapons, and the improper use or disposal of these and other chemicals by individuals and 
industry. Crime scene investigation and forensic biology are also important sections of forensic laboratories, and 
while both utilize chemical principles and tests in their evaluation of evidence, they will not be covered in this book.

Criminalistics describes the branch of forensic science focused on evaluating physical evidence collected at crime 
scenes. Scientists working in the field of criminalistics are termed criminalists and may conduct crime scene investi-
gations, perform analyses in the laboratory, write reports, and testify as expert witnesses in court. Criminalists focus 
on recognizing, documenting, collecting, preserving, analyzing, and reporting on physical evidence. A methamphet-
amine drug synthesis crime scene is shown in Figure 1.1. Several evidence items are visible including glassware, drug 
material or chemical intermediates, containers, and tubing. Notably, discarded matchboxes are visible in the photo; 
the red phosphorous from the strike pads is used in the synthesis of methamphetamine.

Physical evidence may include any type of physical material found at a crime scene. This type of evidence can include 
everyday items such as household chemicals, fabrics and fibers, hairs, glass, fingerprints, soil, plant material, hand-
written or typed documents, checks, polymers and plastics, inks and dyes, serial numbers, and tools and tool marks. 

Table 1.2  Units of forensic laboratories that use forensic chemistry

Unit Evidence Methods

Controlled substance 
analysis

White powders, colored chemicals, botanical 
material, and other suspected controlled 
substances or their starting materials or 
intermediates

Color spot tests, macroscopic tests, stereomicroscopy, 
microcrystalline tests, FTIR, GC-MS

Toxicology Blood-alcohol samples
Body fluid-drug samples including blood, urine, 
saliva, stomach contents, and vitreous humor

GC-MS, LC-MS, ELISA

Latent print 
examination

Latent and visible prints, impression evidence ALS, photography, fingerprint powder, superglue fuming, 
chemical latent print development methods, lifts

Questioned 
documents

Handwritten and typewritten documents 
including checks, suicide notes, and ransom 
notes, among others

ALS, stereomicroscopy, TLC, Raman spectroscopy, IR 
imaging, SEM

Trace evidence Polymers, paint, glass, hair, fiber, plastic, paper, 
soil

Stereomicroscopy
Compound light microscopy
Polarizing light microscopy
Microspectrometer (UV-Vis, FTIR)
Scanning electron microscope (SEM)
Phase contrast microscopy
Fluorescence microscopy
Solubility testing
Hot stage microscopy

Firearm and tool 
mark examination

Firearms, tools, serial numbers Stereomicroscopy comparisons

Explosive and fire 
debris examination

Burned materials, explosives remnants, 
accelerants

GC, GC-MS, SEM
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Physical evidence may also include narcotics, marijuana, and drug paraphernalia, weapons, ammunition and shell 
casings, flammable substances and accelerants, explosives, body fluids, impressions such as tire markings, shoe 
prints, tracks, bite marks, and fabric impressions. Cigarette butts, chewing gum, contact lenses, clothing, rags, plastic 
bags, sawdust, duct tape, and rope may all be submitted as physical evidence for analysis by the forensic laboratory. 
The collection of physical evidence is subject to search and seizure laws.

Physical evidence is collected and labeled by a crime scene investigator or technician who is trained in forensic sci-
ence. These specialists are responsible for identifying, photographing, logging, collecting, tagging, and transporting 
evidence from the crime scene that can be used to gain knowledge of the events, persons, and circumstances sur-
rounding the crime. Each evidence item is logged on an evidence submission form. Care must be taken not to intro-
duce outside contaminants such as DNA, fingerprints, hairs, and clothing fibers to the physical evidence as well as 

Figure 1.1  Methamphetamine lab crime scene. (From Nathan Russell, https://www.flickr.com/photos/nathanrussell/2690501345/
in/photolist-56Kwje-e2uUsZ-4Shks7-3MuHv7-kAeuvD-6nX5zE-oot25S-eegoz7-7Py3rm-GnhsDD-Ge8kWy-dEWvJE-pyYH16-
6Hj3kt-3kQNeH-6Hj3fV-6Ho63U-6Ho5Hh-6Hj3t2-6Hj3zp-6Hj3DR-6Ho6C5-aKcU4F-eegmMG-etR3Qi-6Fmg8i-5Zh4gf-56KwaF-
2RRujG-oosCQ1-oot1M6-7fB3wD-4Wtdfk-h4nFNn-2hfrtA-oos7Sg-6Hj48x-5P6iGJ-6Ho6fW-6Ho6u9-6Ho5QC-6Ho6ry-KWAUS-
6Hj3LT-6Ho6zh-6Hj3RZ-6Hj3oH-6Ho69m-QXDsxn-QXFtr2.)

Figure 1.2  Evidence collection tools. (Courtesy of Tim Phillips.)
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