HANDBOOK OF

RADIOACTIVITY
ANALYSIS

With a foreword by
Dr. Mohamed M. ElBaradei

Director General
International Atomic Energy Agency

Edited by

Michael F. L’Annunziata

ACADEMIC PRESS
San Diego London Boston New York Sydney Tokyo Toronto



I TABLE OF CONTENTS

CONTRIBUTORS  xxiii

ACRONYMS, ABBREVIATIONS, AND SYMBOLS  xxv
FOREWORD  xxxiii

PREFACE xxxv

| Nuclear Radiation, Its Interaction with Matter and
Radioisotope Decay

MICHAEL F. LANNUNZIATA

I. Introduction 2
II. Particulate Radiation 3
A. Alpha Particles 3
B. Negatrons 9
C. Positrons 12
1. Positron Emission versus Electron Capture 14
Internal Conversion Electrons 15
Auger Electrons 17
Neutron Radiation 18
1. Neutron Classification 18
2. Sources of Neutrons 20
Alpha Particle-Induced Nuclear Reactions 20
Spontaneous Fission 21
Neutron-Induced Fission 21
Photoneutron (y,n) Sources 23
Accelerator Sources 24
Nuclear Fusion 24

T

o a0 o



vi

CONTENTS

3. Interactions of Neutrons with Matter 25
a. Elastic Scattering 25
b. Inelastic Scattering 27
c. Neutron Capture 28
d. Nonelastic Reactions 29
e. Nuclear Fission 30
4. Neutron Attenuation and Cross Sections 30
5. Neutron Decay 35
II. Electromagnetic Radiation 36
Gamma Radiation 36
Anmnibilation Radiation 39
Cherenkov Radiation 41
X-Radiation 41
Bremsstrablung 43
Iv. Interactlon of High-Energy Electromagnetic Radiation with Matter 45
A. Photoelectric Effect 45
B. Compton Effect 46
C. Pair Production 48
D. Combined Photon Interactions 50
V. Radioisotope Decay 53
Half-Life 54
General Decay Equations 60
Secular Equilibrium 61
Transient Equilibrium 64
No Equilibrium 67
More Complex Decay Schemes 68
VL Radloactwlty Units and Radionuclide Mass 70
A. Upnits of Radioactivity 70
B. Correlation of Radioactivity and Radionuclide Mass 71
C. Carrier-Free Radionuclides 72
References 73

moON® >

“”@_UOFUP

2 Gas lonization Detectors

KARL BUCHTELA

I. Introduction: Principles of Radiation Detection by Gas Ionization 75
II. Characterization of Gas Ionization Detectors 77
A. Ion Chambers 77
B. Proportional Counters 78
C. Geiger—Mueller Counters 78
III. Definition of Operating Characteristics of Gas Ionization
Detectors 79
A. Counting Efficiency 79



CONTENTS vii

B. Energy Resolution 79
C. Resolving Time 80
IV. Ton Chambers 80
A. Operating Modes of Ion Chambers 81
1. Ton Chambers Operating in the Current Mode 81
2. Charge Integration Ionization Chambers 81
3. Pulse Mode Ion Chambers 81
B. Examples and Applications of lon Chambers 82
Calibration of Radioactive Sources 82
Measurement of Gases 82
Frisch-Grid Ion Chambers 83
Charged Particle Spectroscopy with Ion Chambers 84
Electret Detectors 84
6. Fission Chambers 84
V. Proportional Gas Ionization Detectors 85
A. Examples and Applications of Proportional Counters 87
1. Gross Alpha—Beta Counting, Alpha—Beta Discrimination, and
Radiation Spectroscopy 87
2. Position Sensitive Proportional Counters 87
a. Single-Wire Proportional Counters 87
b. Multiwire Proportional Counters 88
¢. Microstrip lonization Counters 89
d. Multicounting Techniques in Radiocarbon Dating 92
3. Environmental Radioassay 93
a. Radon in Water 93
b. Measurement of Plutonium-241 94
c. Measurement of Iron-55 94
d. Tritiumin Air 95
VI. Geiger—Mueller Counters 96
A. Designs and Properties of Geiger—Mueller Counters 98
1. Fill Gas 98
2. Quenching 98
3. Plateau 99
4. Applications 99
a. Environmental Radioassay 99
VII. Special Types of Ionization Detectors 100
A. Neutron Detectors 100
1. BF; Tube Construction 101
2. Detectors for Fast Neutrons 102
a. Long Counter 103
3. Delayed Neutron Activation Analysis 104
Multiple Sample Reading Systems 105
Self-Powered Detectors 106
Self-Quenched Streamer 107
Long-Range Alpha Detectors 108
Liguid Ionization and Proportional Detectors 110
eferences 110

ke

SEOl

=



viii CONTENTS

3 Semiconductor Detectors
PAUL F. FETTWEIS AND HAROLD SCHWENN

I. Introduction 115
A. The Gas-Filled lonization Chamber 115
B. The Semiconductor Detector 116
C. Fundamental Differences between Ge and Si Detectors 119
1. The Energy Gap 120
2. The Atomic Number 120
3. The Purity or Resistivity of the Semiconductor Material 122
4. Charge Carrier Life Time 7 122
II. Ge Detectors 123
A. Ge(Li) and High-Purity Ge Detectors 123
B. Analysis of Typical y-Spectra 123
1. Spectrum of a Source Emitting a Single y-Ray with E,
<1022 keV 123
2. Spectrum of a Multiple y-Ray Source Emitting at Least
One y-Ray with an Energy =1022 keV 127
3. Peak Summation 129
4. Ge-Escape Peaks 130
C. Standard Characteristics of Ge Detectors 130
1. Energy Resolution 130
a. The Electronic Noise Contribution (FWHM),,... and Its
Time Behavior 131
b. Other Sources of Peak Degradation 134
c. The Gaussian Peak Shape 135
2. The Peak-to-Compton Ratio 136
3. The Detector Efficiency 136
a. Geometrical Efficiency Factor 136
b. The Intrinsic Efficiency €; and the Transmission T, 136
c. Relative Efficiency 138
d. The Experimental Efficiency Curve 139
D. Background and Background Reduction 141
1. The Background in Presence of a Source 141
2. The Background in Absence of the Source 141
a. Man-Made Isotopes 141
b. Natural Isotopes 141
3. Background of Cosmic Origin 153
a. “Prompt,” Continuously Distributed Background 153
b. Neutron-Induced “Prompt” Descrete y Rays 153
c. “Delayed”y Ray 153
4. Background Reduction 154
a. Passive Background Reduction 154
b. Active Background Reduction 155
E. The Choice of a Detector 157
1. General Criteria 157
2. The Well-Type Detector 157



CONTENTS ix

III. SiDetectors 158
A. Si(Li) X-Ray Detectors 158
B. Si Charged Particle Detectors 158
1. Alpha Detectors 160
a. Factors Influencing Resolution and Efficiency 161
b. Factors Influencing Contamination and Stability 164
c. Stability of the Detection System 164
d. The Minimum Detectable Activity (MDA) 165
2. Electron Spectroscopy and B-Counting 165
3. Continuous Air Monitoring 167
a. Light Tightness and Resistance to Harmful Environments 167
b. Efficiency 170
c. Background and MDA Problems in Continuous
Air Monitoring 170
IV. Spectroscopic Analysis with Semiconductor Detectors 171
A. Sample Preparation 172
1. Sample Preparation for Alpha Spectrometry 173
a. Sample Mounting 174
b. Chemical Separation 181
c. Preliminary Treatments 183
2. Sample Preparation for Gamma Spectrometry 186
B. Analysis—Analytical Considerations 188
1. Analytical Considerations in Alpha Spectrometry 188
2. Analytical Considerations in Gamma Spectrometry 190
a. Peak Location 193
b. Peak Area Analysis 195
c. Peak Area Corrections 199
d. Efficiency Calculation 201
e. Nuclide Identification and Activity Calculation 202
References 205

4 Radiotracer Liquid Scintillation Analysis
MICHAEL F. LANNUNZIATA AND MICHAEL ). KESSLER

I. Introduction 210
II. Basic Theory 211
A. Basic Scintillation Process 211
B. Alpha-, Beta-, and Gamma-Ray Interactions in Liquid Scintillation
Counting 213
C. Cherenkov Photon Counting 216
III. Liquid Scintillation Counter or Analyzer (LSC or LSA) 216
IV. Quench in Liquid Scintillation Counting 221
V. Methods of Quench Correction in Liquid Scintillation Counting 225
A. Internal Standard Method 226



moO®

CONTENTS

Sample Spectrum Characterization Methods 227
Preparation of Quench Correction Curves 227

External Standard Method 231

Direct DPM Methods 234

Conventional Integral Counting Method (CICM) 234
Modified Integral Counting Method (MICM) 235
Efficiency Tracing with “C (ET) 236

Digital Overlay Technique (DOT) 240

Multivariate Calibration 241

6. Other Direct DPM Methods 242

Ul

VI. Common Interferences in Liquid Scintillation Counting 242

Saw>

E.

F.

Background 242
Quench 243
Radionuclide Mixtures 243
Luminescence 244
1. Bioluminescence 244
2. Photoluminescence and Chemiluminescence 245
3. Luminescence Control, Compensation, and Elimination 247
a. Chemical Methods 247
b. Temperature Control 247
c. Counting Region Settings 248
d. Delayed Coincidence Counting 248
Static 249
Wall Effect 250

VII. Multiple Radionuclide Analysis 250

A.

moOw

Conventional Dual- and Triple-Radionuclide Analysis 251
1. Exclusion Method 251
2. Inclusion Method 252
Digital Overlay Technique (DOT) 258
Full Spectrum DPM (ES-DPM) 259
Recommendations for Multiple-Radionuclide Analysis 261
Statistical and Interpolation Methods 262
1. Most-Probable-Value Theory 263
2. Spectral Deconvolution and Interpolation 266
a. Spectral Fitting 266
b. Spectrum Unfolding 267
c. Spectral Interpolation 268
3. Multivariate Calibration 273

VIII. Radionuclide Standardization 274

A.

B.

C.

CIEMAT/NIST Efficiency Tracing with *H 274

1. Theory and Principles 274

2. Procedure 276

3. Potential Universal Application 280

4ar B~y Coincidence Counting 282

Triple-to-Double Coincidence Ratio (TDCR) Efficiency Calculation
Technique 284

1. Principles 284

2. Experimental Conditions 286



CONTENTS

IX. Microplate Scintillation and Luminescence Counting 288
Detector Design 288
Optical Crosstalk 288
Background Reduction 290
Applications 292
Liquid Scintillation Analysis 292
Solid Scintillator Microplate Counting 293
Scintillation Proximity Assay 293
Luminescence Assays 293
Receptor Binding and Cell Proliferation Assays 294
. In-Plate Binding Reactions 294
E. DPM Methods 294
F. Advantages and Disadvantages 297
X. PERALS Spectrometry 298
XI. Simultaneous a/B Analysis 300
A. Establishing the Optimum PDD Setting 301
B. Optimizing a/B Discrimination in PDA 303
C. Quenching Effects in a/B Discrimination 304
XII. Radionuclide Identification 305
XIII. Air Luminescence Counting 308
XIV. Liquid Scintillation Counter Performance 311
A. Instrument Normalization and Calibration 312
B. Assessing LSA Performance 312
C. Optimizing LSA Performance 314
1. Counting Region Optimization 314
Vial Size and Type 316
Cocktail Choice 317
Counting Time 317
Background Reduction 318
a. Temperature Control 318
b. Underground Counting Laboratory 318
c. Shielding 319
d. Pulse Discrimination Electronics 319
6. Conclusions 321
References 321

Sa=>

A e

e

5 Environmental Liquid Scintillation Analysis
GORDON T. COOK, CHARLES J. PASSO, JR., AND BRIAN D. CARTER

I. Introduction 332
II. Low-Level Liquid Scintillation Counting Theory 333
A. Sources of Background 333
B. Background Reduction Methods— Instrument Considerations 333
1. Enhanced Passive and Graded Shielding 334
2. Active Guard Detectors 335



CONTENTS

3. Pulse Discrimination Electronics 335
a. Pulse Shape Analysis (PSA) 335
b. Pulse Amplitude Comparison (PAC) 336
c. Time-Resolved Liquid Scintillation Counting (TR-LSC) 337
4. TR-LSC Quasi-active Detector Guards 339
a. Slow Scintillating Plastic 339
b. Bismuth Germanate (BGO) 340
5. Counting Region Optimization 340
a. Region Optimization Procedures and Requirements under
Constant Quench Conditions 341
b. Region Optimization under Variable Quench Conditions 341
6. Process Optimization 342
C. Background Reduction Methods—Vial, Vial Holder, and Cocktail
Considerations 343
1. Vials 343
2. Vial Holders 343
3. Cocktail Choice and Optimization 345
D. Background Reduction Methods— Environment 346
II. Alpha/Beta Discrimination 347
A. Alpha/Beta Separation Theory 347
B. Alpha/Beta Instrumentation 349
1. The PERALS Spectrometer 349
2. Conventional LS Spectrometers with Pulse Shape
Discrimination 350
a. EG&G/Wallac 351
b. Packard Instrument Co. 351
c. Beckman Instrument Inc. 351
C. Cocktail and Vial Considerations 353
1. Cocktail Choice 353
a. Aqueous-Accepting Cocktails 353
b. Extractive Scintillators 353
1. Vial Choice 354
D. Alpha/Beta Calibration 354
1. Misclassification Calculations 356
2. Quenching and Quench Correction of Percentage
Misclassification 357
IV. Analysis of Beta-Emitting Radionuclides 358
A. Tritium (*H) 358
1. Environmental Occurrence 358
2. Sample Preparation and Analysis 359
Sample Handling 359
Sample Preparation 359
Sample Purification/Extraction Techniques 360
Reference Background Water 362
Standards 362
Quality Control 363
g. Quality Assurance 363
B. Radzocarbon (*C) 364
1. Environmental Occurrence 364

mo a0 o



CONTENTS

2. Sample Preparation and Analysis 364
a. CO, Absorption 365
b. Benzene Synthesis 365
C. Nickel-63 (*Ni) 366
1. Environmental Occurrence 366
2. Sample Preparation and Analysis 366
D. Strontium-89 and Strontium-90/Yttrium-90 (¥°Sr and
08r/MY) 367
1. Environmental Occurrence 367
2. Sample Preparation and Analysis 368
a. Early LSC Methods 368
b. Recent LSA Methods 368
c. Cherenkov Counting Methods 369
E. Technetium-99 (*°*Tc) 370
1. Environmental Occurrence 370
2. Sample Preparation and Analysis 370
F. Plutonium-241 (*'Pu) 371
1. Environmental Occurrence 371
2. Sample Preparation and Analysis 371

. Analysis of Alpha-Emitting Radionuclides Using Conventional LS

Spectrometers with Pulse Shape Discrimination 373
A. Gross Alpha Measurements 374
B. Radium-226 (**¢Ra) 374
1. Environmental Occurrence 374
2. Sample Preparation and Analysis 374
C. Radon-222 (**>Rn) 375
1. Environmental Occurrence 375
2. Sample Preparation and Analysis 375
a. 222Rn Measurements in Air 375
b. 22Rn Measurements in Water 376
D. Uranium 377
1. Environmental Occurrence 377
2. Sample Preparation and Analysis 377
E. Transuranium Elements (Np, Pu, Am, Cm) 378
1. Environmental Occurrence 378
2. Sample Preparation and Analysis 378
References 379

6 Sstatistical Computations in Counting

MICHAEL J. KESSLER

I. Introduction 387
II. Statistics of Nuclear Counting 387

Calculation of Counting Statistics 389

Count Rate Statistics 390

Determination of Counting Time to Achieve a Certain %2s 391
Statistics of Net Count Rate 394

1. Low-Level Single-Radionuclide Measurements 394

Tom»

xiii



CONTENTS

2. Optimization of Net Count Rate Statistics 396
3. Dual Radionuclide Count Rate (CPM) Measurements 397
a. %?2s Calculations 398
b. Calculations of DPM Error 401
E. Instrument Performance Assessment 404
1. Figure of Merit (E%/B) 404
2. Chi-Square Test 405
References 406

7 Sample Preparation Techniques for Liquid
Scintillation Analysis
JAMES THOMSON

I. Introduction 407
II. LSC Cocktail Components 408
A. Solvents 409
B. Scintillators 410
C. Surfactants 411
1. Nonionics 412
2. Anionics 412
3. Cationics 413
4. Amphoterics 414
. Cocktails 414
issolution 414
Anions 415
Low-Ionic-Strength Buffers 415
Medium-Ionic-Strength Buffers 418
High-Ionic-Strength Buffers 419
Acids 419
Alkalis 420
Other Types 420
Appendix: Selection and Suitability of a Cocktail Based on Ionic
Strength 421
IV. Solubilization 424
A. Systems 424
B. Sample Preparation Methods 425
Whole Tissue 425
Liver 426
Kidney, Heart, Sinew, Brain, and Stomach Tissue 426
Feces 427
Blood 428
Plant Material 429
Electrophoresis Gels 431
a. Elution 431
b. Dissolution 432
V. Combustion 434

1.

OEHUOWEYD

Nandwh =



CONTENTS

VI. Carbon Dioxide Trapping and Counting 435
A. Sodium Hydroxide 435
B. Hyamine Hydroxide 436
C. Ethanolamine 436
D. Carbo-Sorb E 437
VII. Biological Samples 437
A. Urine 437
B. Plasma and Serum 439
C. Homogenates 439
D. Solubilization 439
E. Combustion 440
VIIL. Filter and Membrane Counting 440
Elution Situations 440
Sample Collection on Filters 441
Filter and Membrane Types 442
Sample Preparation Methods 442
1. No Elution 442
2. Partial Elution 443
3. Complete Elution 443
IX. Sample Stability Troubleshooting 444
A. Decreasing Count Rate 444
B. Increasing Count Rate 446
C. Reduced Counting Efficiency 446
X. Swipe Assays 447
A. Wipe Media and Cocktails 447
B. Regulatory Considerations 448
C. Practical Considerations 448
D. General Procedure for Wipe Testing 449
References 450

Sax=x>

8 Cherenkov Counting
MICHAEL F. LANNUNZIATA

I. Introduction 453
1. Theory 455
III. Quenching and Quench Correction 457
A. Internal Standardization 457
B. Sample Channels Ratio 457
C. Sample Spectrum Quench Indicating Parameters
1. Counting Region 460
2. Quench Correction 461
D. External Standard Quench Correction 463
IV. Counting Parameters 464
A. Sample Volume 464
B. Counting Vials 466
C. Wavelength Shifters 469

460

XV



xXvi

CONTENTS

D. Refractive Index 472
E. Sample Physical State 473
V. Cherenkov Counting in Microplate Format 473
A. Sample-to-Sample Crosstalk 474
B. Sample Volume Effects 475
C. Quench Correction 476
VI. Multiple Radionuclide Analysis 479
A. Sequential Cherenkov and LSA Analysis 479
B. Cherenkov Analysis with Wavelength Shifters 482
VII. Radionuclide Standardization 484
VIII. Applications 488
A. Phosphorus-32 488
B. Combined Strontium-89 and Strontium-90(Yitrium-90) 490
1. Exclusive Cherenkov Radiation Counting 491
2. Sequential Cherenkov Radiation and Liquid Scintillation
Analysis 493
a. Sequential Analysis without Wavelength Shifter 494
b. Sequential Analysis with Wavelength Shifter 496
C. Strontium-90 (Yttrium-90) Exclusive of Strontium-89 497
D. Yttrium-90 498
E. Other Applications 499
IX. Advantages and Disadvantages 500
X. Recommendations 500
References 501

9 Solid Scintillation Analysis

MICHAEL F. CANNUNZIATA

I. Introduction 507
II. Principle of Solid Scintillation 508
A. Solid Scintillators and Their Properties 508
B. The Scintillation Process 512
1. Gamma- and X-Ray Interactions 512
2. Neutron Interactions 515
a. GSO 515
b. BaF, 516
c. Other Examples 516
C. Conwversion of Detector Scintillations to Voltage Pulses 516
II. Solid Scintillation Analyzer 520
A. Scintillation Crystal Detectors 520
1. Planar Detector 520
2. Well-Type Detector 521
3. Through-Hole Detector 523
B. Photomultipliers 525
1. Dynode Photomultiplier or PMT 525
2. Microchannel Plate Photomultiplier 526



CONTENTS

Iv.

OmmD O

Concepts and Principles of Solid Scintillation Analysis

A.
B.

OmEDO

3. Semiconductor Photomultipliers

a. p-i-n-Photodiodes 526

b. Avalanche Photodiodes 528

c. Hgl, Photodiodes 529
Preamplifier and Amplifier 531
Pulse Height Discriminators 532
Single-Channel Analyzers 533
Multichannel Analyzer 534
Other Components 536

Gamma-Ray Spectra 536
Counting and Detector Efficiencies
1. Counting Efficiency 538

2. Detector Efficiency 539

526

538

a. Full-Energy Peak Efficiency 539
b. Total or Absolute Efficiency 540

c. Relative Full-Energy Peak Efficiency 542

Sum-Peak Activity Determinations
Self-Absorption 545

Counting Geometry 546
Resolution 546

Background 547

Automated Solid Scintillation Analyzers

A.

B.

Automated Gamma Analysis 548
1. Multiple Detector Design 549

2. Multiuser Automatic Gamma Activity Analysis
3. Multiple Gamma-Emitting Nuclide Analysis

a. Dual Nuclide Analysis 551

542

548

b. Multiple Nuclide Analysis 553
Microplate Scintillation Analysis 554
1. Solid Scintillation Counting in Microplates
2. Scintillation Proximity Assay (SPA)

Basic Principles 556
Immunoassay Applications

o a0 oW

558
Receptor Binding Assays 560
Other Assays and SPA Kits 561
Color Quench Correction 562
SPA with Scintillating Microplates
C. Alpha and Beta-Particle Counting 565

556

564

VI. Solid Scintillation in Noncrystalline Media 567

A.

Plastic Scintillators 567

1. The Scintillation Process in Plastic 567

2. Integral Scintillators 568
a. Composition 568
b. Radiation Detection 569

3. Scintillating Fiber Detectors (SFDs)

a. Basic Principles 578

b. Tomographic Imaging Detectors

577

580

xvii



xviii CONTENTS

c. Multilayer Scintillator Fiber Radioactivity Monitor 580
d. Directional Neutron Scintillating Fiber Detector 582
B. Scintillating-Glass-Fiber Neutron Detectors 583
1. Basic Principles 583
2. Detector Characteristics and Properties 583
3. Applications 585
VIL. Lucas Cell 586
VIII. Phoswich Detectors 587
IX. Summary of Applications 589
References 589

10 Flow Scintillation Analysis
MICHAEL F. LANNUNZIATA

I. Introduction 601
II. Basics of Flow Scintillation Analysis Instrumentation 603
HPLC and Scintillation Analyzer 603
Liquid (Homogeneous) Flow Cells 608
Solid (Heterogeneous) Flow Cells 609
Gamma and PET Flow Cells 611
1. High-Energy Gamma Cell 611
2. Low-Energy Gamma Cell 612
3. PET Cell 612

E. Criteria for Flow Cell Selection 613
II. Principles of Flow Scintillation Counting 618

A. Count Rates 618

B. Background and Net Count Rate 620

C. Counting Efficiency and Disintegration Rates 621
1. Static Efficiency Runs 621

a. Independent of the HPLC System 622
b. Dependent on the HPLC System 623

2. Gradient Efficiency Run 623
Minimum Detectable Activity 624
Sensitivity, Flow Rate, and Resolution 624
Precision 625
Detection Optimization 627
1. Multichannel Analysis 627
2. Chemiluminescence Detection and Correction 628
3. Time-Resolved Liquid Scintillation Counting (TR-LSC) 628

H. Instrument Performance Assessment (IPA) 630
IV. Flow Scintillator Selection 630
V. Applications 634

A. Single-Radionuclide Analysis 634

B. Dual-Radionuclide Analysis 635

C. Environmental Monitoring 636

1. Alpha/Beta Discrimination 636

Som>

O RERSA



CONTENTS

Xix

2. Tritium Effluent Water Monitors 637
3. Radiostrontium Measurements 639
References 641

I | Radionuclide Imaging
LORAINE V. UPHAM AND DAVID F. ENGLERT

I. Introduction 647

I

Iv.

. Film Autoradiography 648

A. Micro/Macro Autoradiography 648
B. Performance of Film Autoradiography Methods 649
1. Sensitivity 649
2. Resolution 650
3. Linear Dynamic Range 651
C. Quantification Methods 652
1. Techniques for Optimization 653
a. Intensifying Screens 653
b. Fluorography 653
2. Advantages of Film Autoradiography 654
3. Disadvantages of Film Autoradiography 654
Storage Phosphor Screen Imaging 655
A. Storage Phosphor Technology 655
1. Phosphor Screen Chemistry 656
2. Scanning Mechanisms and Light Collection Optics 656
B. Comparison of Storage Phosphor Systems 657
1. Sensitivity 658
2. Resolution 660
3. Linear Dynamic Range 661
C. Quantification Methods 662
1. Techniques for Optimization 663
2. Advantages of Storage Phosphor Screen Imaging 666
3. Disadvantages of Storage Phosphor Screen Imaging 667
D. Applications of Storage Phosphor Screen Imaging 668
1. Whole-Body Autoradiography 668
2. Receptor Autoradiography 669
3. High-Resolution Protein Gels 669
Electronic Autoradiography 672
A. Technology 672
1. The MICAD Detector 673
2. Digital Signal Processing 674
B. Performance of Electronic Autoradiography 674
1. Sensitivity of Electronic Autoradiography 675
2. Linear Dynamic Range 676
3. Resolution 677
C. Quantification Methods 677
1. Techniques for Optimization 677



XX CONTENTS

a. Calibration 677
b. Sample Presentation 677
2. Advantages of Electronic Autoradiography 678
3. Disadvantages of Electronic Autoradiography 680
D. Applications of Electronic Autoradiography 680
1. Metabolism Studies 680
2. Postlabeling DNA Adduct Assays 682
3. Gel Mobility Shift Assays 684
4. Northern Blot Analysis 685
5. Southern Blot Analysis 687
V. The Future of Radionuclide Imaging 689
References 689

12 Robotics and Automation in Radiochemical Analysis
TONY J. BEUGELSDIJK AND ROBERT M. HOLLEN

I. Introduction 693
II. Materials Compatibility and Operational Considerations for Robot and
Workeell Construction 694
A. General Irradiation Effects in Crystalline and Noncrystalline Materials
with a View to Their Use in Robot Construction 694
B. Metal Components 695
1. Electrical Resistivity 695
2. Mechanical Properties 695
3. Chemical Properties 696
C. Effects of Radiation on Organic (Polymeric) Materials 696
1. General Considerations 696
2. Effect of Dose Rate on Polymers 697
3. Radiation Effects on Specific Polymeric Components 697
Coatings 697
Electrical Insulators 698
Elastomers 698
Plastics and Resins 699
Laminates 699
O-Rings and Seals 699
D. Operational Considerations 700
1. Electronics Requirements 700
2. Failsafe Modes 700
3. Maintainability 700
III. Applications of Robotic Systems to Radiochemical Analysis 701
A. Robot-Assisted Sample Preparation for Plutonium and Americium
Radiochemical Analysis 701
1. Robotic System 702
2. Software Features 703
3. Productivity Considerations 704
4. Results 704

mo A0 o



CONTENTS XXi

B. Dissolution of Plutonium 705
1. Task Description 705
2. Robotic Hardware and Custom Components 706
C. Nevada Test Site Solution-Dispensing Robotic System 708
1. Introduction 708
2. Hardware Description 708
3. Results 709
IV. Systems Integration: Building the Fully Automated Method 709
A. Introduction 709
Basic Components 709
System Integration 710
Hardware and Software Standards 710
Plug-and-Play Concept 710
The Standard Laboratory Module (SLM) 711
Additional Components 711
Standard Analysis Methods (SAMs) 712
B. The Path to Full Automation 712
1. Near-Term Concerns 712
2. The Mini-SAM 713
C. Attributes of SLMs and the Integrated Systems 713
Layout 713
Sample Transfer 714
Capping 714
Material Flow 715
SLM Ports 715
Queues and Queuing Interchanges 715
Embedded SLM Controllers 715
Hardware Communication Interface 716
Software Interface 716
10. Data Flow 716
11. Stand-Alone Operation 717
12. Validation of the Components and the Integrated System 717
V. Conclusions 718
References 718

N s W

O RN h D=

APPENDIX: TABLE OF RADIOACTIVE ISOTOPES 719
INDEX 757



