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security considerations 129
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applications 180, 219, 221
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230-5
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GC/C-IRMS (gas chromatography with
combustion/isotope ratio mass
spectrometry) 45, 79, 80
compared with GC-MS 68
derivatizing agents for 134
interfaced with mass spectrometry 81, 82, 230
isotopic calibration during 116-17
organic secondary standards 134
for urinary steroids 230-5
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Hatch—Slack cycle 25
heroin 150-2, 153
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bulk isotope analysis 114, 173-6
RDX synthesized from 174
hierarchical cluster analysis 91-2
hexamine samples 174-5, 176
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Hoogewerff, Jurian xxii, 213
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13C isotope analysis 29, 203, 204
2H isotope analysis 108, 110-13, 2012, 203,
204, 205, 240-1
SN/813C bivariate plots 26, 31
5N isotope analysis 30, 199-200, 203,
204
180 isotope analysis 200, 204, 205
provenance of person 197-201
34§ isotope analysis 34, 203, 204
sample preparation procedure 110-11, 240
human provenancing 34, 100, 108, 191, 194,
212,213
human remains
identification of 190-211
working with 211, 212
human tissue, stable isotope abundance
variation 191-4
hydrogen
isotopes 4, 6, 16
sources/precursor pools 18, 19, 192, 193
stable isotopic distribution 16-19
hydrogen-1 ('H) 4
natural abundance 6, 16
hydrogen-2 (*°H) 4
calibration and reference material(s) 5-6, 7,
16, 85, 87
geographical variation 17
isotope analysis 19, 76, 77, 86, 105-16, 154,
163, 200-1
natural abundance 6, 16
see also 8*H; *H-BSIA
hydrogen exchange 108, 110, 183
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10
hydrogen peroxide
dilution effects on 8*H and 8'%0 values 177,
178
stable isotope analysis 176-7
hydrological cycle 16
hydroxyapatite 193
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reference materials 6, 7
ICP-MS (inductively coupled mass
spectrometry), applications 216, 218,
219, 220, 221
IEDs (improvised explosive devices), post-blast
debris 217-18
ILCs (International Laboratory Comparisons)
100, 103, 112
infrared spectroscopy, isotopologues 10-11
instrument drift 86
instrumentation 72-84
international reference materials 7
inverse chromatographic isotope effect, in
GC/C-IRMS 118-19, 119-20
ionization quench effect 113-16
IRMS (isotope ratio mass spectrometry)
basis 69-70
compared with mass spectrometry 67-71
instrumentation 72—84
laboratory (CF-IRMS) set-up and running
123-35
potential pitfalls 104-5, 113-16, 182-3
reference materials 7
isobaric interference 104-5
isoscapes (isotopic maps) 150, 191
isotope, origin of word 3
isotope effects 10, 11-12
in GC/C-IRMS during sample injection
117-18
isotope standards 5-6
isotopic calibration, in GC/C-IRMS 116-17
isotopic fractionation
in acetylation of morphine 151
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causes in GC/C-IRMS 117
of various light elements 16-17, 20, 113
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Kovats indices 232
Kreuzer-Martin, Helen 214

LA-ICP-MS (laser ablation inductive coupled
mass spectrometry), analysis of
document paper 216

LA-MC-ICP-MS (laser ablation multicollector
inductive coupled mass spectrometry),
34§ data from hair 34

lavender oil 41-2

LC-IRMS (liquid chromatography with isotope
ratio mass spectrometry) 83—4

lead, sources 197

lead isotope ratio (*°*Pb/2”Pb) analysis 197

likelihood ratios 94

examples of use 94-9, 173

linear retention indices 232

Lock, Claire 171, 174, 175, 176, 178

LSVEC (lithium carbonate) reference material 7,
88,238

maize oil 38
marijuana 149-50, 153
marine animals, 8'>C and 8N values 26, 30
marine-based diets 30, 34
mass discrimination 10, 15
in GC/C-IRMS sample injection 117-18
mass number 4
mass spectrometry
compared with isotope ratio mass
spectrometry 6771
SIM mode 67, 68, 69, 180, 182
matchsticks 184-9
13C-bulk isotope analysis 185-6
2H-bulk isotope analysis 187-8
independent (non-IRMS) analytical
techniques 189
matching fire scene samples 188-9
180-bulk isotope analysis 186—7
sample preparation 185
MDMA (3,4-methylenedioxy-N-
methylamphetamine)
bivariate plots 159
impurity profiling 163—4
isotopic analysis of seized Ecstasy tablets 93,
154-5, 157
precursors 155
synthesis and isotopic signature 157-64
meat protein-rich diet, 3'°N values 208
methamphetamine, synthesis and isotopic
signature 164—7

Printer Name: Yet to Come

INDEX

microbial isotope forensics 214-15
molar exchange fraction, of exchangeable
hydrogen 111, 241
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multivariate stable isotope analysis
drugs 155, 167-8, 222
explosives 172, 173, 183
foodstuffs 42
whisky 41
wildlife 46
mutilated murder victims, identification of 190,
206, 208-11

‘Nagai’ synthesis (of methamphetamine from
ephedrine) 165, 166
naproxen, 3'*C/3'®Q bivariate plots 44
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Newfoundland (Canada), human remains
201-6, 207
NFI (Netherlands Forensic Institute) 216, 218
NicDaeid, Niamh 157, 164, 189
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isotopes 6
sources 30, 192
stable isotopic distribution 27-33
nitrogen-14 ('*N), natural abundance 6
nitrogen-15 (°N)
calibration and reference material(s) 6, 7
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193
isotope analysis 27, 30, 46, 77, 149-50
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see also 3°N
nitrogen cycle, isotopic fractionation in 27, 29
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non-exchangeable 8H values 108
nutritional stress, effect on 8'°N values
199-200

180-bulk isotope analysis, matchsticks 186-7
ocean water 16
see also VSMOW standard
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Cooperation and Development), on
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olive oil, adulteration of 38—9

omnivores, 8'"°N values 199, 208
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On-line Isotopes-in-Precipitation Calculator
191
organic ’C reference materials 7, 89
organic secondary standards 103, 132—4, 135
origin of product 8
example(s) 9
ovo-lacto ‘vegetarian’, 8'°N values 199
oxygen
isotopes 6, 20
sources/precursor pools 20, 186, 192, 193
stable isotopic distribution 19-25
oxygen-16 (1°0), natural abundance 6, 20
oxygen-17 (*”0), natural abundance 6, 20
oxygen-18 (**0)
abundance in source water 20-3, 209-10
calibration and reference material(s) 5-6, 7,
20
geographical variation 17
isotope analysis 76, 77, 104, 196, 200, 205,
209, 236-9
isotopic analysis of CuSO, 106
natural abundance 6, 20
see also 880

P2P (1-phenyl-2-propanone) 155
paints
likelihood ratios used in analysis 94-9
list of white paints from various sources 95—-6
paper (printer or photocopier) 215-16
physical characteristics 215
parcel tape 218-21
particulate organic matter (POM), marine
compared with freshwater source 26
peak inversions [in gas chromatography] 233
peak overlap [in gas chromatography] 234
per mil scales 5
perchlorates 170
peroxide explosives 176—7
PETN (pentaerythritoltetranitrate) 170, 173
petrochemicals, isotope abundance in 69
pharmaceuticals, counterfeit 42-3, 44
physicochemical processes, isotopic
fractionation in 12, 13-14, 15
plant material, 8H as indicator of source water
18
plastic bags, forensic examination of 216-17
plastics, forensic examination of 216-18
PMK (piperonyl methyl ketone) 155
MDMA synthesized from 157, 158
synthesis from safrole 157, 158
pollution source differentiation 46, 94

Pong Su heroin samples 151-2
position-specific isotope analysis see PSIA
power supply for IRMS laboratory 125-6
precipitation, isotopic composition 18, 19,
190-1, 213
precursor pools
carbon 31
hydrogen 18-19
oxygen 20
5B-pregnanediol, as reference compound for
testosterone metabolites 228
premium natural products, authenticity and
provenance 41-2
pressure-sensitive adhesive (PSA) tapes
218-21
principal component analysis 91
principle of identical treatment 85, 102, 111,
112, 165, 185, 232, 241
proficiency
FIRMS Network’s advice on 101
importance of 145, 147, 224
provenance (provenancing)
of drug 150, 152, 155, 156, 167, 168
of explosives 183
of foodstuffs 18—19, 38—42
of human remains and living people 21, 22,
34, 190-213
of matchsticks 187
pseudoephedrine
isotopic signatures 165
methamphetamine synthesized from 166
PSIA (position-specific isotope analysis) 81-3
applications 40, 82-3

quality control, in CF-IRMS 85-6

radioisotopes 3
rain see precipitation
ratio-of-ratios approach (in calculation of
d value) 73—4
Rayleigh processes, isotopic fractionation in
13-14, 16-17
RDX (cyclotrimethylenetrinitramine)
bulk isotope analysis 114, 173, 174
synthesis from hexamine 174
reference materials 7, 74
organic secondary standards 103, 132—4, 135
relative retention [gas chromatography] 231
TUPAC definition 232
relative retention time, use of term in gas
chromatography 232
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Republic of Ireland
immigrants’ fingerprints records 208
see also Dublin
retention times [GC], factors affecting 233
rib bones, turnover rate 23, 193

safrole, piperonyl methyl ketone synthesized
from 157, 158
sample preparation 102-3
human remains 196, 208
matchsticks 185
sample preparation procedures 236—41
scale correction 86-90
of measured 8'*C values 8890
of measured 8 H values 87-8
scale definitions 5-6
for *C 5, 85
for 2H 5-6, 85, 87
for °N 6
for 80 5-6
for*S 6
Schimmelman, Arndt 103, 135
‘Scissor Sisters’ case 206, 208—11
sea bass 93—4
sea spray effect 35
seawater
dissolution of CO, 267
evaporation of 17
see also ocean water
seaweed and kelp 35
Semtex 94, 173
see also PETN; RDX
silver phosphate, preparation from bio-apatite
196, 209, 236-8
single-seed vegetable oils, authenticity and
provenance 38-9
‘skull from the sea’ 194-7
SLAP (Standard Light Antarctic Precipitation)
water reference material 7, 87
snow fall see precipitation
Soddy, Frederick 3
soft fruit, 8*H as indicator of source water 18—19
source of product 8
example(s) 9
source water
and bone bio-apatite 20-2
and bone '*0 20-3, 209-10
and 8%H for soft fruit 18-19
and 8 H for wood/matchsticks 187
geographical variation of °H and #0O
abundance 17, 190-1
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stable isotope dilution assay 120
stable isotopes

meaning of term 3—4

natural abundance variation 5-7
standard operating procedures 100, 102
statistical analysis 91-9
steroids, detection of exogenous 478
strontium isotope ratio (¥’Sr/*Sr) analysis 197,

203

structural proteins

d3C and 8N values affected by diet 30-1

diagenetic changes 32-3

see also bone collagen; hair keratin
sugar

beet- or cane-sourced 7, 9, 25, 69

isotope variation 6-7, 9
sulfur

isotopes 6

stable isotopic distribution 33-5
sulfur-32 (*2S), natural abundance 6
sulfur-33 (**S), natural abundance 6
sulfur-34 (**S)

calibration material 6

natural abundance 6, 34

see also 3*S
sulfur isotope analysis, techniques used 33—4
synthetic drugs 154-68
SYSTAT software 92, 162

TC/EA-IRMS (thermal conversion/elemental
analysis isotope ratio mass
spectrometry) 77, 78

organic secondary standards 134
sample preparation 197
temperature control, IRMS laboratory 124, 125
testosterone
detection of exogenous 47-8, 224-35
metabolic pathway 227

testosterone metabolism, and >C isotopic
composition 226—8

testosterone metabolites

813 C values 226

& H values 48
thermodynamic isotope effects 10, 12
tooth enamel

diagenetic changes 245, 203

180 abundance 193

strontium isotope ratios 203, 205

triacetone triperoxide 176

trinitrotoluene, 2H-BSIA 116

trivariate plots
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advantages 222
Ecstasy tablets 92
RDX precursor (hexamine) 175
synthetic MDMA samples 162
trophic ecology, isotopic fractionation and 26-7,
27-8
trophic level shift
isotopic fractionation associated with 28,
29-32
practical example 30

Urey, Harold C. 4

VCDT (Vienna Canyon Diablo Troilite)
standard 6
345/328 isotope ratio 6, 34
vegan, 3N values 30, 199
vegetable oils, authenticity and provenance 38-9
VPDB (Vienna Pee Dee Belemnite) standard 5,
85, 239
BC/12C isotope ratio 6
lower-end anchor for 7, 88
VSMOW (Vienna-Standard Mean Ocean Water)
standard 6, 74, 85, 239
2H/'H isotope ratio 6, 16
lower-end anchor for 7, 87
180/1°0 isotope ratio 6

Printer Name: Yet to Come

271

WADA (World Anti-Doping Agency)
accredited laboratories 225
certified method for testosterone metabolites
224
water
calibration material for 2H and '*O 6, 74, 85,
87
8%H as indicator of source 17, 19
isotopic fractionation between liquid and
vapour 16-17, 113
reference materials for 2H and 2O 7, 74, 87
volume on Earth 16
see also source water
water-free samples, analysis of 105-6
whisky, authenticity and provenance 41
wildlife forensics 46—7
wines, authenticity and provenance 40, 41
wood
bulk isotope analysis 185-8
see also matchsticks
World Health Organization (WHO), on
counterfeit pharmaceuticals 42-3

XRF (X-ray fluorescence spectrometry),
applications 216, 219, 220, 221

Zero-Blank autosampler 106, 107
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