Contents

o e R OO PSS TP XV

CHAPTER 1 The Development of Forensic Toxicology ............... 1

1.1 DefINIUONS (oo e |

111 TOXICOLOZY ettt 1

112 POISON ..., 1

113 DIUE ottt e 2

1.1.4 Forensic Toxicology ... 2

1.2 Luandmarks in Forensic Toxicology.......coooiviiiiiinii. 3

1.2.1 Early Activity In Toxicology .....ooooveiiii 3

L.2.2 ATSEIUC. ..ottt irree ettt e e 7

1.2.3 The LaFarge Affair.........oooon, 14

1.2.4 The Bocarme Case ..oooovt i 16

1.3 Forensic Toxicotogy in the United States.........coooooiiviinnnnnne, 18

1.4 Forensic Toxicology Growing Pains..............onn, 20

Review QUESHIONS ...uivn ettt et e 21

Application QUESHONS .......vviriiiiieiiii e 21

R CIEIICES oot ter ettt ettt et e e 22
CHAPTER 2 The Duties and Responsibilities of Forensic

TOXiCOIOZIStS cvevrnieieii e 25

2.1 ANALYSIS. ..overieieeeie e 26

2.1.1 Sample Selection.......coooooiiiriiiiiiinii e 27

2.1.2 Storage PerlodS.....cooooriiiiniiiiii 28

2.1.3 Analytical SIrategies . ....ooovviiiiiiiii i 29

2.1.4 Analytical Methods........ccooooveireiiiimiiiiiinninn .30

2.2 INIEIPIEtAtON ..ot e eteeietrireet i e e e e e 31

2.3 REPOTHNE. ...vviieiiieiere it et 32

2.4 Rescarch. ..o a0 33

AT 11 1o ST O TPV PP R PRPPPO 33

Review QUESTIOMS ...vvvvrrrrieeereeesieireeeenreeeensseesesiibenreneeeesessninens 34

Application QUESHONS .......oooroieiiiiiiriiiiiiiie e 3T

CHAPTER 3 Forensic Toxicology Resources ............. ereeenens 39

Bl BOOKS 1t 40

3.1.1 Historical Classics...ooiviiiiiiiiiiie e 40

3.1.2 Forensic and Analytical Toxicology.........cooveiiininnenn, 42

vii



viii

Contents
3.1.3 Pharmacology and Toxicology..........ccooooniiin, 43
3.1.4 Clinical Pharmacology and Toxicology ....................... 44
3.1.5 Miscellaneous Topics... ... 44
3.2 JOUM@AlS ..o 44
3.3 Web RESOUICES ..o ittt ittt e 45
3.4 Professional Organizations...........ccocevereeriiiiiiiiiianeenicenn, 46
Review QUESHIONS ... ouiii et 47
Application QUESTIONS .....vueinieietiiiitriier e 48
ReTereNCes. ... it 48
CHAPTER 4 The Laboratory.........cecveevuieeiineraneniisniannneann, 49
4.1 Administrative Location of the Laboratory............................ 49
4.2 PersONNEl ... ..oiiiiiis et 51
4.2.1 Chief ToXicOlOISt. .. ..ocuviiiiiiiii e, 52
4.2.2 Assistant Chief ToxXicOlogist....ooviveiiiiriiiie . 54
4.2.3 Toxicologist Iand TT ..., 54
4.2.4 TechniClans .........coeiirrieiiieiiiiiieeciiee 254
4.3 Labordtory DESiZi... .. . uuuuiuiiiiiiiiiiiiiiiiiiiiiiieniiieeieeieiinnees 54
4.3.1 Analytical Space...........ooooovii 55
4.3.2 Administrative Space .............ccoeeeiiiiiiiiiicii55
4.3.3 -Miscellaneous SPace.......vvvvervrniineiiniiiiiaiienie, 55
4.4 Laboratory EQUIPMENt.......cuuuuiiiiiiiiiiiieee e 56
4.5 Laboratory Safety........ccooviuiiiiiiiiierii e 57
4.6 Laboratory SECULILY ........viiieriieeiiie e enaeenes 59
Review QUESHIONS ...uviivtie it 59
Application QUESHIONS ......c.viiiiiiiiiiiiirii e 59
References. ....oovvii 60
CHAPTER 5 Analytical Strategy.........c.covvveiiiiiiciiiiiiiiinenes 61
5.1 Types of Analytical Strategies .....coovrvrirviiriririiineriiie e, 61
5.2 The COmIMON SIFALEZY . .ovvvvnerririierriitaeeeerieeeaiineeeeneaeenes 64
5.2.1 Presumptive or Screening Methods..........c.ccoocveveniin 64
5.2.2 Non-STA Methods........ooviieriiririiiiniiiiceeei e 65
5.2.3 Confirmatory Methods ... 66
5.3 SAMIPIES...uuvitiii ettt 67
5.4 ANALYEES coiiiiiii e e 67
5.4.1 Analytes Included in the STA ... 67
5.4.2 Uncommon Analyes ....coooviiiiniiiiiiii 68
5.4.3 The Changing Analyte Profile .....................o, 69
Review QUESHIONS ....oniniii e e 73
Application QUESHIONS .....oiviiitiii i, 73

R NS, e 74



Contents ix

CHAPTER 6 Sample Handling ...........cocoiiiiiiiiiiiiiiiicinnenn 717
6.1 Sample SeleCtion.......ccooiiiiiiiiiiie 78
6.1.1 Criteria for Sample Selection ... 78
6.1.2 Number of Samples.......cooooviiiiiiiiiiii 80

6.2 Sample ColleCtion . ....oieiiiiiiiiiiiii e 81
6.2.1 Implements Used for Sample Collection....................... 81
6.2.2 Sample Containers..........ococcoeviiiiiiiiinn e 82
6.2.3 Collection Site...........ceiuiiiiiiiiiiiiiiii e 84
6.2.4 Sample QUANLILY ..oovviiniiiiiiii e 85
6.2.5 Sample Labeling ..........ccoooeiiiii 85

6.3 Sample Preservation..........oovivveiieririiir i 85
6.3.1 Decreased Temperature ..........c..cocoeviiiiiiiiniiniinninn. 86
6.3.2 Inhibitors ........cooiiiiiiii 86
6.3.3 pH ALterations ..............coooiiiiiiiiniiii 87
0.3.4 DIYING. ..ottt 87
6.4 Sample TIANSPOTt .ovvvveietiiie ettt 88
6.5 Sample ACQUISTON. .. .oeeviiririiiii e 89
Review QUESTIONS ....ivtiieiite ittt 90
Application QUESHIONS ... ...cuuiin it 91
RETEIENCES. . oot 91
CHAPTER 7 Storage Stability of Analytes ...........c.cccoviveiennnne 95
7.1 Stability Studies........oviiviiiiviiiiiii 97
7.1.1 Case Samples ......cooooiiiiiiiiiiii 97
7.1.2 Experimental Samples...............oo 98
7.1.3 Fortified Samples ... 98
7.1.4 Interpretation of Stability Studies....................ol 99

7.2 Storage Periods.........ocoevvviiiiiiiiiiiiii 99
7.2.1 Storage Period L........o.oooiiiiiiiii 99
7.2.2 Storage Periods Il and ITL.................o, 102

7.3 Ethanol.......oooiieiiii e 102
7.3.1 Storage Period ... 103
7.3.2 Storage Periods ITand HL...............c 103

T4 OPIOIAS. .oeieiiiieee et 104
T8 COCAINE ..ot 105
7.6 CannabinoidsS..........ooveveiiiiiieiiii e 106
7.7 Lysergic Acid Diethylamide........................l 107
Review QUESHONS . u.ivitiiiti et 107
Application QUESHIONS ..........ccoiiiiiiiiiiiii 107

R IS, it e e 108



X

Contents

CHAPTER 8 Analytical Samples ...........ccocevevnreieireninnenanne. 113
8.1 BloOd ... 113
8.2 UIINE. .. i e 117
8.3 Breath ... 120
8.4 Vitreous HUMOT. ... 120
B.5 Hair oo 121
8.6 Oral FIuid ......oooiiiii e e 123
8.7 NaAUlS oo 124
8.8 SWeAl.. .o 125
8.9 Gastric CONLENLS............uvveei et 125

BL10 vl e 126
811 Bile. oo 126
8.12 Brain......cooooiiiii e 127
B3 Lung . .oooviiiiii 128
8.14 Adipose TISSUE ..ottt 128
8.15 Bone and Bone Marrow.............c.oouuiiieiiiiiin e 129
8.16 Skeletal MUSCIE. ...t 129
8.17 Breast MilK ....ooooiii e 129
8.18 Neonatal SAMPIES.........ovveeviiiiiiiiiiiii e 130
8.19 Miscellaneous Human Samples.................oviiiiereeeeinneeninn. 130
8.20 Nonhuman Samples..................c.cooiiiiii 130

8201 INSECES 1evnret it e 130

8.20.2 SOil...iii 132

8.20.3 Household and Personal Samples .............ccoeeeeeinn.... 132
Review QUEeSHONS .....oeiiiii i 133
Application QUESHONS ......ouviiiii it 133
References... ..o 133

CHAPTER 9 Sample Preparation...........ccocovvnveirenreniiniennnn. 143
9.1 Decontamination ...............ccocoiiiiiiiis s 144
9.2 Physical Alteration .............ccoceeiiiiiiiiiiiiii e 145
9.3 Protein RemMOval...........oooviviiiiiiiii i 145
9.4 Fat RemMoOVal......oiiiiiii e 146
9.5 HydrolYSiS. . .uvuvinmiiniiiiiisiitiiiiiiseeee e 147
9.6 EXITACHON ..\t 147
9.7 Volatilization ...t e 147
9.8 Liquid—Liquid EXtraction.........c.c.ooevvvvuviereeinniiinnnn . 148

.81 PH oo 149
9.8.2 Solvent CharacteristicS........oooovviiiiieiiiiieiiiiie e 151
9.8.3 Volume of Solvent............oooooiiiiiiiiiiiiiiiie 153
9.8.4 Tonic Strength..........cooocoiiiiiiiiiii 153

9.8.5 A Prototypical Extraction Protocol............................ 154



Contents Xi

9.9 Solid-Phase EXtraction ............cooovvvioiiiiiiriiieiieii 156
9.10 Solid-Phase MicCroextraction.........covuveiveireinieieeiiaaiieeeeen, 157
9.11 Miscellaneous Extraction Techniques..................oo. 158
ReVIeW QUESTIONS ...ttt e e 158
Application QUESLIONS ........coooiiiiiiiiiiiiii e 158
RTINS, et e 159

CHAPTER 10 Methods of Detection, Identification,
and Quantitation .........c.coeviiiiiiii 161
10.1 Criteria for the Selection of Methods ...................oo.oe 161
10.1.1 Purpose of the Analysis..........c.ooooiiiiiiinin, 162
10.1.2 Limits of Detection and Quantitation ..................... 162
10.1.3 Specificity ..o.oveenii i 164
10.1.4 Competence of the Analyst ..................oo, 165
10.1.5 Relability ....oeeieiiieiiii e 166

10.2 Methods of Detection, Identification, and Quantitation....... 167

10.3 Color Tests (SPOt TESES)..oevvvrnerreiierireeeeiiiinreraieaeeeaeae. 167

10.4 VolatiliZAtON .. .uovviiiiiiiii e e 168

10.5 TMMUNOASSAYS. ... evvvvinereiniiarereieeeriie e e e e eaennaess 168

10.6 Chromatography...........coovuiriiiiiiniiiiiiiiiiie e 171

10.7 Thin-Layer Chromatography.............cc.oooiiiiiiiininnn. 172

10.8 Gas ChromatOgraphy...........ueverviiieiiriniiiiiiiieeiiiieeenceee. 172

10.9 Liquid Chromatography...........c.cooviriiiiiiiiinniniiiiiiniinnn. 174
10.10 Mass SPECIIrOMELTY evvvunereriiineeriirereneeieeai e 175
10.11 Additional Methods.........c.ccoveieiiieiiiiiiire 176
RevVIEW QUESHIONS . .vvivieireeiteieie e et eet e eneii e e 177
Application QUESLIONS..........oiiiiiiiiiiii e 178
RETOTENMCES ..ottt et 178

CHAPTER 11 Quality Assurance and Quality Control............. 183

T1.1 INOdUCHON. ...iviie e e 183

11,2 RECOTAS ..oniiiieei et 185

11.3 Methods Validation.............cooeriiiiiiiieiineiiie e 187

11.4 Control Methods ......ccoovvviiieeiiiiieeiie e 189

11.5 Proficiency TeSting .....coovvvveriiiiniiiiii e 191

11.6 Analyst COMPELENCE ...ccovvinieeiiiineeiiiieiiiieeee e 193

117 SECULILY ..ot e 194

11.8 Accreditation .........ooviiriiiiiee et 194

11.9 Additional RESOUTCES ... ..vvniiieiiiieiie et 195

Review QUESHIONS ...vvveveneeiieii et 196

Application QUESHONS ...........cooviiiiiiiiii 196

RETEIEINCES ..ot e e e et e e e eeeanes 196



Xii

Contents
CHAPTER 12 Types of Interpretations...........cccocevvuvenennenen. 199
12,1 Introduction..........ooooi 199
12.2 Reasoning in Forensic Toxicology Interpretation............... 200
12.3 Nonanalytical Case-Related Evidence .............c.cccovvnnnnn. 201
12.3.1 Medical History .........coooooiiiii 201
12.3.2 Investigative RepoOrts........cccoeiiiiieinneenaiiin . 201
12,4 TnterpretationsS.....cooviieiiiere oo 202
12.5 Was a Person Exposed to a Specific Drug?............ccccc...... 202
12.6 Was the Presence of the Detected Drug Due to Intentional
or Unintentional Use?...........coooooiiiiiiiiii 205
12.6.1 Unintentional Passive Inhalation............................ 206
12.6.2 Unintentional Oral Exposure....................cc.ccoeeenn. 207
12.7 What Was the Size of the DOSe? .......ocoooeiviicnn. 208
12.8 What Was the Route of Administration?.......................... 210
12.9 What Was the Elapsed Time between the Last Dose
and Sample Collection? .........c.....oooiiiiiiiiini 210
12.10 Was the Subject a Naive or a Chronic User? .................... 211
12.11 Was the Presence of an Analyte Consistent with
“Old” Use or “New” Use?......coiiiiiiiieeiiiiiineeiiieeee 212
12.12 Is the Presence or Concentration of an Analyte a
Violation of a Statute or Regulation?............................... 213
12.13 Did the Drug or Chemical Cause or Contribute to
an Adverse Event? ... 213
12.13.1 Correlating Effects with Analyte Concentrations
I Blood......coooiiiiii 213
12.13.2 Correlating Effects with Analyte Concentrations
in Samples Other than Blood ....................... 214
12.14 Factors that Influence the Interpretation of Analyte
COoNCeNratioNS ......oieiiiie e it eee e, 217
12.14.1 Tolerance...........ccoveiiuiniiiiiiiiiiiii e 218
12.14.2 Postmortem Redistribution............................... 219
12.14.3 Age-Related Pharmacokinetics and
Pharmacodynamics............ccoeeviiiiiienerininneeiiinn.n, 222
Review QUESHONS ....vveiiniieii e 223
Application QUESHONS. ......ccouutietiiiiii et i e 224
References. .......coooiiiiiiiii e 224
CHAPTER 13 REPOIS...eeveeeereeeseeeesereessesenssesesssseasesenen, 229
13.1 Laboratory RepOrts..........oooovvvuiiieeeeiiiiiiiiicieee e 229
13.1.1 The Minimum Report...........cc..oooviiiiiiiinniiiin.... 229

13.1.2 Additional Information...............coeieiiiiiiiiiinin.. 230



Contents

13.2 Expert Reports.....ccooeeiiiiiiiiiiiieeeeeieeee. 233

Review QUEeSTIONS.........ooiiii 234

Application QUESTIONS .. ..iu. it e e 234

References ..o 234

CHAPTER 14 Testifying.....cocvviiniiiiiriiirci e erceceerereca e 235
14,1 Preliminaries ..ooovuvvueriivieeieieiie e e ce e e 235

14.1.1 Getting to the Courthouse ............coeeeiiiiiiiiiinnninn., 235

14.1.2 Waiting to Testify...........oooiii 235

14.1.3 Entering the Courtroom ..............ccocooiiiiiinnnnn.n. 236

14.1.4 Being SWorn in...........oooiiiiiiiiiiiiiii e 236

14.1.5 Voir Dire. ..o 236

14.2 Qualification of the Expert Witness ...........cccooveieririinan. 237

14.3 Admissibility of Scientific Testimony...................c.oveeern. 239

14.3.1 Frye v. United States...........c...coocoiiiiiiiinnn. 239

14.3.2 People v. Williams..........ccoocooviiiiiii 239

14.3.3 Coppolino v. State ..........ccoociiiiiiniiiiiiie, 240

14.3.4 Daubert v. Merrell Dow Pharmaceuticals, Inc.......... 240

14.4 Expert TESHIMONY «.vvueveiiiteeeiiieetiiieee e eeeeaineeeniennans 241

14.4.1 Be Prepared........ccoooiiiiiiiiiiiiiiiiic 243

14.4.2 Develop a Line of Questioning Prior to Trial........... 244

14.5 The Dos and Don’ts of Expert Testifying...............co.ovvnne. 244

14.5.1 Tell the Truth.......oooii e, 244

14.5.2 Do What the Judge Says..........ocovvviiiiiiiiiiiininnnn. 246

14.5.3 Be Professional ...........c.ocooiiiiiiii 246

14.5.4 Attempt to Educate the Jury ..........c..cocoiin 247

14.5.5 Answer the QUestion..........c.ocooviiiiiiiiiiiiaiien, 250

14.5.6 Use Proper Language ..........c...cooenvieiiiiiiiiiinanans. 251

14.5.7 Beware of “Trick”™ Questions...............ooevviiniinnn. 252

Review QUESHONS. ... ..o 253

Application QUESHIONS ....c..evuiviiinieiiri e 253

References .. .oou i 254

Appendix A: Principles of Pharmacokinetics..........coovvieiiiniiiiniiiiini, 255
Appendix B: Principles of Pharmacodynamics...........ccocoieiiiiiiiiiiiiniiiinninn. 275
Appendix C: IMMUNOASSAYS - ..nvrieiiiiittii e et eieenen 295
Appendix D: TOXICOZENOIMIICS ... vevuiintert et aeit et e et 309
Appendix E: Famous Cases in Forensic Toxicology..........c.cooocoiviniione.. 319
1063 10T G 1

3T ) T 347

xiii



