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– cosmogenic isotope anomalies, 284–285

– decay of extinct radioactive nuclides,

282–283

– decay of long-lived radioactive

nuclides, 282

– mass-dependent isotope fractionation, 284

– nucleosynthetic isotope anomalies,

283–284

Radiogenic nuclides, 5–6, 7–13

– lead, 10–13

– parent–daughter pairs, 13

– radioactive decay, 7–8

– strontium, 9–10

Radioisotopes, 420

– techniques, 437

Rare earth element (REE), 379

Rayleigh equation, 15

Rayleigh fractionation, 333, 334

Rubidium, 10
87Rb–87Sr decay system, 293

Rb–Sr isochron method, 237
Re-(Pt-)Os system, 261

Reactive oxygen species (ROS), 471

Recommended dietary allowance (RDA), 471

Red blood cells, 462

Redox conditions, reconstruction of, 319

Reduced mass, definition of, 17

Reference material, 139, 143

Reference quantity value, 142–143

– reference value, 173

Regression model, 117, 124–126

Relative abundance of nuclide, 2

Re–Os

– dating of black shales, 262–263

– isochron, 345

– molybdenite dating, 262

Repeatability, 142

– condition of measurement, 170

Reproducibility, 142

– condition of measurement, 170

Resolving power, 84

Resonance ionization mass spectrometry

(RIMS), 420

Reverse isotope dilution, 193

Rhenium depletion age, 265

Russell’s law, 120–121

Rutile, LA–ICP-MS U–Pb dating of,

255–256

Sag, 64–65

Saha equation, 33

Sample introduction strategies, in ICP-MS,

47–50

“Saturnian” model, 1

Scott-type double-pass spray chamber, 48

Secondary electron multiplier, 89, 90

Secondary ionization mass spectrometry

(SIMS), 102, 285, 393, 420

Sector field ICP-MS

– high mass resolution with, 55–56

Seed electrons, 33
77Se-labeled selenomethionine, 215

Selenium, 471–474

– absorption, 472

– stable isotopes, 471

Sensitive high-resolution ion microprobe

(SHRIMP), 244

Shewanella oneidensis, 334
Single-collector inductively coupled plasma

mass spectrometry, 31, 397

– basic operating principles, 34

–– comparison of characteristics, 45

–– double-focusing sector field mass

spectrometer, 38–43

–– mass spectrometer characteristics, 34–36

–– quadrupole filter, 36–38

–– time-of-flight analyzer, 43–45

– inductively coupled plasma ion source,

32–34

– isotope ratios measurement, 56

–– detector issues, 62–66

–– instrumental mass discrimination, 66–68

–– isotope ratio precision, 57–62

– mass spectrometry, 31–32

– quadrupole-based ICP-MS, 45–47

– sample introduction strategies in, 47–50

– spectral interferences, 50

–– cool plasma conditions, 51–52

–– high mass resolution with sector field

ICP-MS, 55–56
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–– multipole collision/reaction cell, 52–55

Single-collector instruments, 178

Single isotopic label, fecal balance studies for,

444–445

Skeletal matter, 378–379
147Sm–143Nd decay system, 293–294

Sm–Nd isochron dating, 265

SMOW (Standard Mean Ocean Water), 156

SNC meteorites, 281

Sodium carbonates, 381

Space-charge effects, 67

Speciation, 212, 215, 216, 221

Species-specific ICP-IDMS, 214–221

– for identification of species transformations,

218–219

– multiple spiking, 219–221

– speciation analysis, 215–217

Species-unspecific ICP-IDMS, 221–229

– humic substance metal complexes,

fractionation of, 223–224

– protein analysis, 224–229

– sulfur speciation, in petroleum products,

221–223

Spectral interferences, 50

– cool plasma conditions, 51–52

– high mass resolution with sector field

ICP-MS, 55–56

– multipole collision/reaction cell, 52–55

Spray chambers, 48

– calcium, 458–462

– Stable isotope techniques, 435, 437, 438,

444, 473

– copper, 474–476

– essential elements, 435–436

– ICP-MS in stable isotope-based metabolic

studies, 451

–– mass spectrometric sensitivity, 454

–– measurement accuracy and quality

control, 454–457

–– measurement precision, 451–453

– iron, 462–464

– isotope labeling techniques, 442–444

– magnesium, 469–471

– mineral, studying for, 435

– molybdenum, 476–477

– selenium, 471–474

– stable isotopic labels versus radiotracers,

436–438

– stable isotopic tracers, quantification of,

438–442

– for trace element metabolism in humans,

444

–– compartmental modeling, 447–448

–– element turnover studies, 449–450

–– fecal balance studies, with double isotopic

label, 445–446

–– fecal balance studies, with single isotopic

label, 444–445

–– isotope fractionation effects, 450–451

–– plasma appearance, 446–447

–– tissue retention, 448–449

–– urinary monitoring, 447

– zinc, 464–469

Stable isotopic labels

– versus radiotracers, 436–438

Stable isotopic tracers

– quantification of, 438–442

Standard Mean Ocean Water (SMOW), 167

Stony-irons, 281

Strontium, 131, 237, 377, 402–403

Sulfur

– in protein quantification, 225–229

– isotopic analysis of, 511–512

– speciation, in petroleum

products, 221–223

Surface ionization techniques, 78

Systematic measurement error, 171–172

Tachycineta bicolor, 361
Tandem introduction system, 48

Tera–Wasserburg diagram, 252, 253
Terrestrial matter and cosmic rays,

interaction between, 6, 23–24

Tetramethylammonium hydroxide

(TMAH), 216

Thermal ionization (TI)-IDMS, 189

Thermal ionization mass spectrometry

(TIMS), 32, 40, 80, 93, 115, 165, 241, 285,

333, 354, 420, 424

– versus ICP-MS for Geochronology,

241–242

Thermal vaporization (TV)–ICP-IDMS,

205, 206

Three-isotope plots, 84–87

Time-of-flight (TOF) analyzer, 43–45, 61

Tin, 380

Tissue retention, 448–449

Titanite, LA–ICP-MS U–Pb dating of,

255–256

Traceability, 143

Trace element metabolism, in humans, 189,

435, 437, 444

– compartmental modeling, 447–448

– element turnover studies, 449–450

– fecal balance studies, for double isotopic

label, 445–446

– fecal balance studies, for single isotopic

label, 444–445
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– isotope fractionation effects, 450–451

– plasma appearance, 446–447

– tissue retention, 448–449

– urinary monitoring, 447

Trace elements and elemental species

determination, using ICP-IDMS, 189

– examples, 200

–– electrothermal vaporization inductively

coupled plasma mass spectrometry

(ETV–ICP-MS), 203

–– fossil fuels, trace element analysis of,

205–207

–– laser ablation–inductively coupled plasma

mass spectrometry (LA–ICP-MS),

201–203

–– on-line photochemical vapor

generation, 207

–– platinum group elements, trace amounts

of, 207–210

–– silicon determination in biological

samples, 203–205

–– transuranium elements, ultra-trace

amounts of, 211–212

–– trends in ICP-IDMS Trace Analysis,

200–201

– isotope dilution mass spectrometry

(IDMS), 189

–– elements accessible to, 194–195

–– principles of, 190–194

–– spike isotope selection and optimization of

its amount, 195–199

–– uncertainty budget and limit of detection,

199–200

Tracers, 437

Trackability, 143

Transferrin isoforms, determination of, 225

Triethyllead (TEL), 216

Trimethyllead (TML), 216

Trueness, 143

True quantity value, 143

True value, 143

“True” isotope abundance ratio, 145

U and Pu, isotopic studies of distribution of,

424–429

Ultraviolet photochemical vapor generation

(UV-PVG), 207

Uncertainty budget estimation, example of,

180–181

Uncertainty evaluation, 131–132

– and double-spikes, 132–133

– modeling and double spikes, 132–133

Uncertainty of measurement, 172

Unequilibrated chondrites, 280

Uraninite, LA–ICP-MS U–Pb dating of, 257

Uranium isotope ratios

– and marine paleoredox, 338–344

Urinary monitoring, 447

U/Th-Pb, 242–244

U/Th-Pb decay systems, 295–296

VIM3 International Vocabulary of

Metrology, 167

Volcanic massive sulfide (VMS), 357

Wet plasma conditions, 288

Zinc, 356–357, 464–469

Zircon

– Hf isotopic model ages, 259–261

– LA–ICP-MS U–Pb dating of, 244–249

–– data processing, 254

–– ICP-MS equipment, 250–251

–– isobaric overlap, common Pb and oxide

formation, 251–254

–– laser ablation system, 249–250

Zirconium, 291, 292
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