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A} METHODICAL LIST OF THE SESSIONS BY GENERAL TOPICS

I GENERAL PURPOSES

I1 POPULATION

EXPOSURE

GENERAL TITLE

501 and S08
SOk
s07
s13
S30
529

Direct

Environmental

effects

RADIATION PROTECTION

General aspects (part I and II)

Comparison with other hazards

Non ionizing radiation

New ICRP recommendation

 Health implications (WHO)

Education and Public information

S22

519

S02

s23

505
P3b

Phc

and PS5

and S20

Natural sources
and consumer
products

Medical irradia-
tion
(Part I and II)

Environmental
levels, limitation
and control

(Part I and II)

Basic criteria for
the limitation of
releases (IAEA)

Radioecology

Atmospheric dis~
persion and doses

Fallout measure-
ments
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III WORKER'S
EXPOSURE

v BIOLOGY

v DOSIMETRY

vl SPECTIAL
TOPICS

S10

S11
s27

s25

S16

506

s24

S09
526

S1h4
517

S03
P3a
s15
P1
P6
Pha

P4b

P2b
S12
s21

and P2a

- S18
and P2c

and S28

and P7

Personnel monitoring
(Part I and II)

Occupational radiation protec-
tion : except fuel cycle -
plants and reactors - medical
uses

Medical aspects of radiation
protection

Collective doses (UNSCEAR)

Molecular and cellular radio-
biology

Experimental radiobiology
(Part I and I1I)

Assessments of organe doses

Internal contamination
(Part I and II)

Radioprotectors

Effects in man ; risk estimates

General aspects and techniques
Physical aspects

S.I., Units (ICRU)

Instruments and techniques

New techniques

Area and environmental monitoring
techniques

Neutron spectrometry

Shielding and containment
1
Wastes and decontamination

Accidents

e/



B) INDEX OF GENERAL TOPICS BY SESSIONS NUMBERS

SESSION GENERAL TOPIC
P1 : V Dosimetry
P2a : IITI Worker's Exposure
P2b H VI Special Topics
P2c : III Worker's Exposure
P3a : V Dosimetry
P3b : II Population Exposure
Pha H V Dosimetry
Phib : V Dosimetry
Phc : IT Population Exposure
PS5 H II Population Exposure
P6 3 V Dosimetry
P7 : IV Biology

e/



SESSION

501
s02
503
504
S05
506
S07
508
509
510
S11
512
s13
s1k
s15
516
s17
s18
S19
520
521
s22
523
s524
s25
526
s27
528
s29
s30

.

.

I1

I
Iv

Iv
III
III

VI

Iv

III
IV
IIX
II
IX
VI
II
II
Iv
III
Iv
III
Iv

GENERAL TOPIC

General Purposes
Population Exposure
Dosimetry

General Purposes
Population Exposure
Biology

General Purposes
General Purposes
Biology

Worker's Exposure
Worker's Exposure
Special Topics
General Purposes
Biology

Dosimetry

Worker's Exposure .
Biology

Worker's Exposure
Population Exposure
Population Exposure
Special Topics
Population Exposure
Population Exposure
Biology

Worker's Exposure
Biology

Worker's Exposure
Biologw

General Purposes

General Purposes
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C) INDEX OF SESSIONS BY KEY-WORDS

ACCIDENT (radiation and nuclear) =~ S21
ANIMAL biology - P7 - S1h - s24 - sS28
AREA monitoring - Phka

ASSESSMENT (organ dose)- S09

ATMOSPHERIC dispersion -~ P3b

BIOLOGY - SO6

BIOLOGY (animal) - S1& - S24 - 828

BIOLOGY (man) - P7 - S09 - S14 - S17 - S26
CARCINOGENESIS - s28

CELLULAR radiobiology - S06

COLLECTIVE dose : UNSCEAR - 516

COMPARISON of hazards - SO4

CONSUMER products irradiation - S22
CONTAINMENT - P2b

CONTAMINATION (internal) - P7 - S26
CONTROL (medical) - S25

CRITERIA (risk) - SO1 - SO8
DECONTAMINATION - S12

DEPOSITION model - P7 -.526

DIFFUSION model - P3b

DISPERSION (atmospheric)-P3b

DOSE (collective) : UNSCEAR - 516

DOSE (organ) - p7

e/



DOSE (organ) assessment

S09

DOSE (organ) from medical irradiation -

DOSIMETRY - P1 - Pha
DOSIMETRY general aspects
DOSIMETRY physical aspects
ECOLOGY - Phc - SO02 -~ 505
EDUCATION - 529

EFFECT (radiation) in man
EMERGENCY plan - S21
ENERGY production : WHO
ENVIRONMENT - Phc - S02
ENVIRONMENTAL monitoring
EXPOSURE (collective)
EXPOSURE (medical) - P5

_EXPOSURE (population) - P3b

S22
EXPOSURE (worker's) - P2¢
s27
FALL OUT measurement - Pkc
GENERAL PURPOSES - S01

HAZARDS (comparison of) - 204

HAZARDS (non radioactive)

HEALTH implication WHO

*

!
HOSPITAL (occupational radiation protection in)

HYGIEN (industrial) - 825

I.A.E.A. recommendation (limitation of releases)

I.C.R.,P. norm - S13

*
HEALTH (occupational) S25

Pi4b
S03
P3a

s20

517

S$30
520
Pha
516
519

Phc
s23

P2a

SOk

S04

S30

- P6 -

- 822 -

- S22

- P5 -

- 810 -

- S07 -

P5

sS15
802 - 505
511 -~ S16
508 - s13

- 519 -

- S18 -

- 829 -

- S11

- 823

e/
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I.C.R.P.'recommendation - S13
I.C.R.U. - S15

INCIDENT (radiation and nuclear) - 521
INDUSTRIAL (hygien) - S25

INFORMATION (public)- S29

INJURY (radiation) - S21

INSTRUMENTATION - P1 - P2a - P2b - P3a - Pha - Pi4b -
P6 - SO3 - S10

INTERNAL contamination - P7 - S26

_IONIZING (non) radiation - SO7

IRRADIATION (medical) - P5 - S19

LABORATORY (occupational radiation protection in) - S11
LIMITATION of release : I.A.E.A. recommendation - 823
MAN accidental contamination - S21

MAN accidental irradiation - 21

MAN biology - P7 - S09 - Sik - S17 - S26

MAN (radiation effect in) - S17

MODEL (deposition) - P7 - S26

MEASUREMENT (fall out) - Pkc

MEASUREMENT (new techniques of) - P6

MEASUREHENT techniques - P1

MEASUREMENT techniques, general aspects - SO3

MEDICAL aspects of rgdiation protection - 8525

MEDICAL exposure - S19

MEDICAL irradiation - P5 - S19

MEDICAL use of radiation - P2c

METABOLISM - P7 - S26
e/



-8 -

MINES (occupational radiation protection in) - 518

MODEL (diffusion) - P3b

MOLECULAR radiobiology - S06

MONITORING - P2a - P3a - Pka - P6 - S10

MONITORING (environmental) - Pka

NATURAL source irradiation - S22

NON IONIZING radiation - SO7

NON RADIOACTIVE hazard - SO4

NORM (I.C.P.R.) - S13

NEUTRON spectrometry - Pib

NUCLEAR POWER PLANT (occupational radiation protection in) - S27
*

OCCUPATIONAL radiation protection in hospital - S11
OCCUPATIONAL radiation protection in laboratory - Si1
OCCUPATIONAL radiation protection in mines - S18

OCCUPATIONAL radiation protection in nuclear power plant - S27
OCCUPATIONAL radiation protection in processing plant - S18
OCCUPATIONAL radiation protection in workroom - S11
OCCUPATIONAL radiation protection : medical use -~ P2c¢c

OCCUPATIONAL radiation protection : miscellaneous - P2a - P2b -

P2c
ORGAN dose - P7
ORGAN dose assessment -~ S09
ORGAN dose from ﬁedical irradiation - PS5
PATIENT irradiation - P5
PLANT (occupational radiation protection in nuclear power) - S27

PLANT (occupational radiation protection in processing) - S18

POPULATION exposure - P3b - Pic - P5 - S02 - SO5 - S19 - S20 -
S22 - S23
*

OCCUPATIONAL health - S25 ced/



PROCESSING PLANT (occupational radiation protection in)

PRODUCTS (consumer) irradiation - S22

PUBLIC information - S29

RADIATION (non ionizing) - S07

RADIOBIOLOGY (cellular) - S06

RADIOBIOLOGY (experimental) - S24 - S28

RADIOBIOLOGY (molecular) - S26

RADIOECOLOGY .- p4c - SO2 - SO5 - S20 - S22
RADIOPROTECTOR - S14

REACTOR (occupational radiation protection in) - 527
RECOMMENDATION (I.A.E.A,) limitation of release - S23
RECOMMENDATION (I.C.R.P.,) - S13

RELEASE -~ S02 - S20

RELEASE (atmospheric) - P3b
RELEASE (limitation of) : I.A.E.A. recommendation - $23
RISK (biological) estimate - S17

RISK criteri; - S01 - 508
SHIELDING - P2b

S.I. UNITS - S15
SPECTROMETRY (neutron) - Phb
TRAINING - S29

TRANSPORT accident - 521
UNITS (S.I.) - S15
U,N.S.C.E.A.R. - 516

WASTES - S12

oed/
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WHO - S30

WORKER'S exposure - P2a - P2¢c - $10 - S11 - S16 - S18 - S25
s27 :

WORKROOM (occupational radiation protection in) - S11
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D) INDEX OF PAPERS BY KEY-WORDS

Directions for use :

I : General Purposes
II : Population Exposure (included environmental effects)
III : Worker's Exposure
IV : Biology
V : Dosimetry

VI : Special Topics (Shielding - Wastes - Accidents)

: Oral Session

: Poster Session

The number printed immediately after the index of

the session is the index n° of the paper.

Please then look at the paper index (in any of the
four volumes) to find the volume and the page corresponding

to the paper shown on the list.

For example, you look at : "DOSE distribution -
II, S19 :"245", The number II means that the subject is included
in a paper dealing with "population exposure', and "S19"
means that paper 245 is included in session S19 ; then you

look at the paper index : paper 245 is in volume 3, page 879.

s/
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ABDOMEN - IV, S09 : 208

ABSORBED dose ': see DOSE

ACCELERATORS, accident - III, P2a : 422
ACCELERATORS, Bremsstrahlung, X-rays - VI, P2b : 216
ACCELERATORS (electron linear) - V, Phb : 270

ACCELERATORS , shieldings ~ VI, P2b : 006 - 216
vV , Phb : 401

ACCIDENTS : see session S21

ACCIDENITS (accelerator) - III, P2a : 422

ACCIDENTS, dispersion models - II, P3b : 061

ACCIDENTS (professional) - I, SO4 : 330

ACCIDENTS, atmospheric transfert evaluation - II, P3b : 354
ACCIDENTS (X-rays, gamma~rays) - III, S10 : 332

" ACTIVATION (neutron flux) of compact bone - V, P1 : 233
A.C.T.H., radiosensibility - IV, S14 : 234

ACTINIDE (reirradiation of) - VI, S12 : 285

ACTINIUM - III, S18 : 339

ACUTE irradiation - IV, S2k : 433 - 437 - 438
111, $25 : 327

ADMINISTRATIVE control - I, S08 : 407
AEROSOLS - III, S18 : 124

AEROSOLS, dosg distribution - IV, P7 : 201
AEROSOLS, fast breeder reactor - IV, P7 : 062
AEROSOLS, lungs, animal - IV, P7 : 387
AEROSOLS, particle size - IV, P7 : 361
AEROSOLS, ventilation - III, S18 : 386

AIR monitoring - V, Pha : 174
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AIR sampler - VI, S12 : 283

AIRBORNE, alpha particles - III, P2a : 385
AIRBORNE contamination - VI, S12 : 279

AIRBORNE, mining - ITI, S10 : 125 - 178

AIRBORNE radioactivity - II, P3b : 061

ALBEDO dosimeter energy independant - V, P1 : 246
ALGAE (concentration factor in) - II, S02 : 388
ALGAE (plutonium) and crustacean - II, S02 : 389
ALPHA and gamma contamination - VI, S21 : 358

ALPHA mixed irradiation -~ IV, S24 : 400

ALPHA particles - III, P2a : 385
S10 : 125 - 178 - 252
S18 : 386 - 427
IV, S17 : 103
- Vi, s21 : 288

ALPHA toxicity - IV, S28 : 342

ALUMINIUM oxides - V, P6 : 165 -~ 167

AMERICIUM 241 - II, Phc : 202
S05 : 131
Iv, s24 : 89

ANIMALS, biological models - IV, S06 : 010

ANIMALS, carbon 14 - IV, S26 : 070

ANIMALS, chemical and radioactive toxicity - I, SO4 : 489
ANIMALS, deposition model - IV, P7 : 201

ANIMALS, lung cancer - IV, S28 : 374

ANIMALS (extrapolation from) to man - IV, S28 : 084
ANIMALS, mineral water - II, S22 : 455

ANIMALS, platinium 195 m - IV, P7 : 429

oo/
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ANIMALS, plutonium - II, Phc : 202
IV, S26 : 041 - 518

ANIMALS, radon prgducts - 1v, 826 : 106

ANIMALS, zinc 65, cadmium 109 - IV, P7 : 247

AREA dose : see DOSE

AREA monitoring - V, Pia : 171 - see also ENVIRONMENT
ARGON 41 : II, P3b : 286

ASH (slag - fly) : population exposure - V, Pha : 224
ASSESSMENT (dose)in fatal irradiation - yI, S21 : 457
ASSESSMENT of organ doses : see session S09 ’
ATMOSPHERIC diffusion : see session P3b

ATMOSPHERIC pollution - I, SO4 : 410

BACKGROUND radiation - II, S22 : 351
V, Pha : 128 - 192 - 446
Phc : 049

BENEFIT (cost) - I, SO1 : 095 - 227 - 490
II, P5 : 363

BENEFIT (risk) - II, S19
522

BERYLLIUM oxide - V, P6 : 122

BETA gamma counting - V, Pha : 446

BETA rays, absorbed dose distribution - III, P2a : 422
BETA rays, calibration - V, P1 : 350

BETA rays, dosimeter - V, P6 : 340

BETA rays, ions forming - V, P3a : 357

BETA rays rate meter - V, P1 : 119

ves/



BEZNAU - III, S27 : 148

BIOCHEMICAL dosimeter - V, P6 : 413

BIOLOGICAL dosimetry - IIT, S25 : 303

BIOLOGICAL effects of non ionizing radiations - I, S07 : 5
BIOLOGY : see list of the general topics

BITUMEN fixation - VI, S12 : 241

BLOOD forming organs - IV, 517 : 380

BODY activity - II, S22 :017

BONE dose distribution - IV, S09 : 302

BONE marrow dose - II, P5 : 149

BONE (neutron flux activation of compact) - V, P1 : 233
BONE (plutonium 239) - IV, S26 : 518

BONNER spectrometer - V, P4b : 270 - 401

BREMSTRAHLUNG -~ V, P2b : 216

BUILDING materials - II, S22 : 207 - 351 - 419
V, Pha : 224

BURIAL costs - VI, S12 : 279

B.W.R. - III, S18 : 124

CADMIUM 109, animal - IV, P7 : 247

CALCIUM (D.T.P.sA.) - III, S25 : 333

CALCIUM fluoride - V, P6 : 371

CALCIUM sulphate - V, P6 : 164 - 165 - 340 - 371 - 423
CALIBRATION (beta rays) - V, P1 : 350

CALIBRATION - V, SO3 : 166
Pha : 171

CALIBRATION, standards - V, P3a : 032 - 058 - 156 - 334

ved/
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CALIFORNIUM 152 - IV, S24 : 089

CANCER -

II, S22 i 109

IV, S06 : 309
S17 : 096 - 103 - 155 - 228 -~ 467
S28 : 342 - 343

CANCER (immunology and) - IV, S28 : 344 -

CANCER (lung) - IV, S28 : 344 - 374

CANCER mortality - I, SO& : 226

CANDU : tritium measurement - V, Pha : 174

CARBON 14 - II, S20 : 281 - 441

CARBON 14, animal, metabolism - IV, S26 : 070

CARBONATES (poly) - V, P6 : 159

CARCINOGENS (chemical) - I, SO4 : 226

CELLS - IV, 506 : 010 - 309

CEMENTS (gypsum) - II, S22 : 059

CERAMIC filters - VI, S12 : 283

CEREAL contamination - II, S02 : 426

CERENKOV

effect - V, P1 : 412

CERIUM, CESIUM, sediment absorption - II, S02 : 221

CESIUM 137 - II, SO5 : 352

CHAMBER (ion) : see ION

CHELATION (plutonium) rate - IIT, $25 : 158

CHELATION, transuranium elements - III, S25 : 018

CHEMICAL

CHEMICAL

CHEMICAL

CHEMICAL

CHEMICAL

carcinogens - I, S04 : 226

hazards : see list of the general topics
mutagenics - I, SO4 : 050

pollutants - I, SO& : 226

(rem-equivalent for) toxicity - I, S04 : 016 - 050

oo/
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CHEMIOTOXIC effect equivalent - I, SO4 : 251

CHILDREN - II, P5 : 250 - 370
IV, S09 : 187 - 219

CHROMOSOMES aberrations : dose assessment - III, S25 : 402 - 435

CHROMOSOMES analysis (automatic) - V, P6 : 434
CHROMOSOMES, low doses - IV, S14 : 259

CHRONIC irradiation - IV, S24 : 346

CLEARANCE -~ V, P7 : 447

COBALT 58, metabolism, man - IV, P7 : 447

COBALT 60,.metabolism -1V, P7 : 447

COLLECTIVE dose : see DOSE

COMBINATION (dose) : see DOSE

COMPACTION (waste) - VI, S12 : 279

COMPUTER, (gamma rays, luminescence) - III, S10 : 337
COMPUTER in survey instrument - V, P3a : 068

COMPUTER {(mini) for radiation protection data - V, P1 : 481
COMPUTERIZED axial tomography - ITI, P5 : 4Ok
CONCENTRATIONS factor ~ VI, S12 : 241

CONCENTRATIONS factor in algae - II, SO2 : 388
CONCENTRATIONS (maximum allowable) - I, SO4 : 050
CONCENTRATIONS (threshold) - I, SO4 : 489
CONTAMINATED wound - VI, S21 : 358

CONTAMINATION (alpha and gamma emitters) - VI, S21 : 358
CONTAMINATION (fission product) - VI, S21 : 289
CONTAMINATION by inhalation - VI, S21 : 359
CONTAMINATION (internal) IV, SO9 063 - 219

V, P3a : 462
VI, S21 : 288

oo/
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CONTAMINATION (internal) personnel dosimeter - III, P2a : 432
CONTAMINATION (internal) whole-body dosimeter - III, P2a : 284

CONTAMINATION (milk) - it, soz : 184
V, Pha : 446

CONTAMINATION (natural) inside buildings - II, S22 : 207
CONTAMINATION, plant - III, S18 : 012 - 110

CONTAMINATION (population) - VI, S21 : 036

CONTAMINATION (prediction of), food chain - II, SO02 : 392 - 426
CONTAMINATION (soil) - II, Phkc : 138 - 145

CONTAMINATION (surface) - V, Pha : 254
VI, S12 : 242

CONTAMINATION (water) - V, Pha : 473

CONTROLS ( administrative) - I, S08 : 407
vV, S03 : 135

CONTROLS in industry - II, S22 : 055 - 059
CONVERSION factors - V, Phka : 192
CONVERSION relations - V, P4b : 355
CONVERTER DC to frequency - V, P1 : 381
COOLING time - VI -.S12 : 285

COOLING tower, environment - II, SO2 : 184
COSMIC protons -~ IV, S17 : 380

COST/benefit - I, SO1 : 095 - 227 - 490
II, P5 : 363

COUNTER (BF3) - Vv, P1 : 118
COUNTER (GM) - V, Pka : 171
COUNTER (thermal neutron rem) - V, Pt : 377

CRITICALITY dosimetry - V, P1 : 415
vV, S03 : 484

CRITICALITY, plant - III, S18 : 012

eed/
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CROPS - II, SO5 - 391
CRYSTAL (spherical) - V, Pha : 192

CRYSTALLOGRAPHY X-rays : protection - III, St1 : 072

DAMAGE (radiation) - I, S01 : 428 - 451

DEATHES (wo;ker) statistics - I, S04 : 330
DECOMMISSIONING - III, S18 : 339 - 466
DECONTAMINATION factor - VI, S12 : 241
DECONTAMINATION gels and mixtures - VI, S12 : 242
DECONTAMINATION (internal) - IV, S24 : 089
DECONTAMINATION (nuclear equipments) - III, S27 : 525
DECONTAMINATION (nuclear power plant) - III, S27 : 293
DECONTAMINATION process - VI, S12 : 242
DECONTAMINATION (skin) - III, S25 : 231

DEPOSITION models : see sessions 526 and P7

DESIGN aspects , eyes protecting - VI, P2b : 040
DESIGN aspects, glove box - VI, P2b : 526

DESIGN (radiological) aspects - I, S08 : 407
DETECTORS : see DOSIMETRY or DOSIMETER (V)

DIAGNOSTIC {(medical) - IV, SO9 : 071 and II, session P5, most
II, s19 : 210 of the papers

DIFFUSION (atmospheric) : see session P3b
DISEASES (professional) - I, SO4& : 330
DISPERSION (atmospheric) : see session P3b
DISTRIBUTION (dose) : see DOSE

D.N.A. chain-break - IV, S06 : 301

ves/

D.N.A. molecular action - IV, S14 : 383
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D.N.A. membrane - enzymatic system - IV, Si4 : 236

D.N.A. replication - IV, S06 : 141

DOSE (absorbed) - II, P3b : 286
P5 : 230
111, S16 : 515
IV, S09 : 187 -~ 219 - 292 - 476
V, P3a : 462

DOSE (absorbed), b&ta - V, P1 : 119
DOSE (absorbed) from neutron - V, Pib : 214
DOSE (absorbed), gamma - V, S03 : 356
DOSE (absorbed), luminescence - 111, P2a : 398
DOSE\(absorbed), skin - III, P2c : 461
DOSE (area) - V, SO03 : 291
DOSE assessment - II, SO5 : 295 - 391
DOSE assessment in fatal irradiation - VI, S21 : 457
DOSE assessment (plutonium) - IV, S26 : 518
DOSE ;alculation models - II, P3b : 282 - 294
‘DOSE : chromosome aberrations - III, S25 : 435
DOSE (collective) - I, SO1 : 095 - 305 - 408
II, S20 : 151 - 179 - 280 - 281 - 287 - 441
479

P3b : 403
DOSE (gollective), UNSCEAR - III, S16 : 515
DOSE combination practic - I, S08 : 452
DOSE (combination) index - IV, SO9 : 134
DOSE (deep) build up - V, P1 : 412
DOSE distribution - II, S19 : 245

IV, S09 : 071 - 134 - 208 - 261 - 313
S17 : 037

V, Pib : 401

DOSE distribution (aerosols inhalation) - IV, P7 : 201
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DOSE distribution (b&ta rays, absorbed) - III, P2a : 422
DOSE distribution, bone - IV, S09 : 302

DOSE distribution (natural radioactivity) - IV, P7 : 029
DOSE distribution (neutrons) - VI, P2b : 216

DOSE effect relation - IV, S24 : 229

DOSE (emergency) limit - VI, S21 : 288

ﬁOSE (equivalent) : chemical - I, S04 : 226

DOSE equivalent index - IV, S09 : 511
vV, S03 : 291 - 312

DOSE equivalent (neutrons) - V, P1 : 306
VI, P2b : 172

DOSE equivalent, tritium - III, P2a : 107
DOSE (fall out) in man - IV, P7 : 029
DOSE (individual) - I, SO01 : 305

DOSE (low) - I, SO1 : 095 - 451
IV, s2& : 346

428 - 451 - 490
460 - 469

DOSE (maximum permissible) - I, SO1
so8

DOSE measurement - II, P3b : 286
III, S16 : 515
IV, S09 : 063

V, S03 : 102 - 291 - 384

P3a : 087 - 114 - 156

DOSE measurement after hand irradiation - VI, S21 : 213
DOSE measurement (1 mrad) - V, P6 : 371

DOSE measurement : U.V. - I, SO07 : 418

DOSE (natural and occupational) - I, SO1 i 305

DOSE of foetus - II, P5 : 248

DOSE (organ) - II, P5 : 404
VvV, S03 : 220

eed/
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DOSE (organ), assessment : see session S09

DOSE (organ), assessment, accident - VI, S21 : 311
DOSE (organ), bone marrow - II, P5 : 149

DOSE (organ), gonads - II, P5 : 150 - 209 - 250 - 370
DOSE (organ), ovaries - II, P5 : 244

DOSE (organ), skin - II, P5 : 250

DOSE (organ), uterus - II, 519 : 444

DOSE (population) - II, S20 : 151 - 177 =- 206 - 278 - 280 - 287
367 - 409

DOSE quantity for standardization - V, SO3 : 384

" DOSE (radiological) - I, SO01 : 305

DOSE (radon inhalation) - IV, S26 : 106

DOSE rate - IV, S28 : 264

DOSE rate (automate) : electrometer - V, P1 : 381
DOSE rate, equivalent - V, Phka : 192

DOSE rate (neutron) - Vv, P1 : 118

DOSE register, computer (personal) - III, S10 : 034

DOSE response - V, P3a : 114
P6 : 413

DOSE response, cellular-biology - IV, S06 : 010 - 142 - 309
DOSE (threshold) - I, SO1 : 095 - 428 - 490

DOSIMETER (albedo) energy independant - V, P1 : 246

DOSIMETER (biochemical) - V, P6 : 413

DOSIMETER (insulating foil) - V, P6 : 129 - 159

DOSIMETER (personnel),iﬁternal contaminatién - III, P2a : 432
DOSIMETER (glass (R.P.L.)) - V, P6 : 338

DOSIMETER (reusable) - V, S03 : 135

4
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DOSIMETRY : see Index of sessions
DOSIMETRY (biolegical) - III, S25 : 303

DOSIMETRY (criticality) - V, P1 : 415
S03 : 484

DOSIMETRY (individual administrative) - I, S08 : 099

DOSIMETRY, nuclear power plant - III, S27 : 293

DOSIMETRY (personnel) : gynecological applications - III, S11 : 300
D.T.P.A. - IV, S24& : 089

D.T.P.A./calcium - III, S25 : 333

D.T.P.A./zinc - III, $25 : 333

D.T.P.A. removal efficiency - III, 525 : 260

DUST collector - VI, S12 : 283

ECOLOGICAL studies : see Index of sessions
EDUCATION : see List of the general topics I - session S29
EDUCATION and training - 11, PS5 : 420

EFFICIENCY (calculation of) - V, P6 : 168
ELECTROMAGNETIC field : see FIELD

ELECTROMETER (automatic dose rate) - V, P1 : 381
ELECTRONS - IV, S09 : 253

ELECTRONS (exo) : see EXOELECTRONS

ELECTRONS (high energy) - II, P5 : 150

ELECTRONS linear accelerator - V, Pib : 270
ELECTRONS (bé&ta particles) - V, P3a : 357
EMERGENCY dose limit - VI, S21 : 288

EMERGENCY plén - VI, S21 : 364
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ENERGY production, health - I, S30 : 519
E.N.D.I.P. - V, SO3 : 356

ENVIRONMENT : see List of the general topics II and
Index of sessions

ENVIRONMENT - VI, S12 : 283
ENVIRONMENTAL contamination - II, SO5 : 298

ENVIRONMENTAL monitoring - II, SO5 : 483
V, P3a : 334

ENVIRONMENTAL pathway - II, S20 : 177

ENVIRONMENTAL radiation - V, P6 : 164 - 338 - 371
S03 : 220

ENVIRONgENT (aquatic) - II, SO5 : 131 - 295
ENVIRONMENT (fuel reprocessing plant) - II, S02 : 389
ENVIRONMENT (mathematical model) - II, S02 : 426
ENVIRONMENT, nuclear power plant - III, S27 : 148
ENVIRONMENT transfert, radionuclides - IT, S02 : 392
ENZYMATIC system - IV, St& : 222 - 236

EVAPORATION (liquids waste) - VI, $12 : 241
ERYTHROCYTES - IV, S24 : 433

ESCHERICHIA coli - IV, S06 : 142

ETCHING - V, P6 : 159

EUROPEAN COMMUNITY - V, S03 : 379

EXCRETION (plutonium 239) - IV, P7 : 361

EXCRETION (protactinium 231 and products) - IV, P7 : 093
EXCRETION, radon daughters - III, S18 : 154
EXOELECTRON (T.S.E.E.) - V, P6 : 122 - 167

EXPOSURE (medical) : see MEDICAL

IEXPOSURE (occupational) : see OCCUPATIONAL

ees/



EXPOSURE (patient) - II, P5 195 - 263 - 363 - 416 - 449
0

: 5
S19 : 104
EXPOSURE (population) : see POPULATION

EXTRAPOLATION from animal to man - IV, S28 : 084

EYES protecting - VI, P2b : 040

FALL-OUT : see Index of sessions and session Pkc
FALL-OUT dose in man - IV, P7 : 029
FEATURES protective - I, S08 : 407

FERTILIZERS (phosphate) - II, S22 : 113 - 315

FIELD (electromagnetic) measurement - I, SO7 : 025 - 304 - 485

524

FIELD (mixed radiation) : see MIXED

FILM dosimeter - III, S10 : 337 : see also List of the general

topics (V)
FILM (gamma rays) - III, P2c : 185
FILM, radiotoxicology, internal contamination - III, P2a
FILTERS (ceramic) - VI, S12 : 283
FILTERS bank - VI, $12 : 279
FILTRATION, iodine, testing - II, S20 : 366

FISSION product ground contamination - VI, S21 : 289

FOETUS - II, P5 : 230 - 248
S$19 : 210
1v,S09 : 208

FOGGINESS effect, wastes - II, SO02 : 184

FOOD chain - II, Phc 085 - 202 - 205 - 276

502 : 426

S05 : 352

520 : 179 - 278

$22 : 113 - 411 - 455
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FUEL processing and reprocessing : see PLANT

FUEL (fossil) power plants- I, SO4& : 410

GAMMA (alpha and) emitters contamination - VI, S21 : 358
GAMMA (bé&ta) counting - V, Pha : 446
GAMMA dose - V, S03 : 356
GAMMA (low energy) detector - V, P3a : 116
GAMMA RAYS, cellular biology - IV, SO6 : 235
GAMMA RAYS, film - IIT, P2¢ : 185
GAMMA RAYS, legal aspects - III, S10 : 337
GAMMA RAYS, luminescence - III, S10 : 337
GAMMA RAYS measurement - IV, S06 : 142 - 309
S09 : 253 - 292 - 313

V, Pha : 128 - 171 - 192
GAMMA RAYS, mines - III, S18 : 022
GAMMA RAYS, X~rays, accident - III, S10 : 332
GAZEOUS discharges from nuclear power plants - I, S04k : 410
GAZEOUS effluents - II, P3b : 060 - 100 - 160 - 161 - 186 - 421
GASTROINTESTINAL syndrom - IV, S24 : 438
GASTROINTESTINAL system, recovery - IV, S14 : 238
_GENERAL purposes : see List of the general topics
GENERAL purposes (medical exposure) - II, S19 : 516
GENETIC effects, non ionizing radiation - I, SO7 : 182
GLASS (R.ﬁ.L.) dosimeter - V, P6 : 338
GONADS dose - II, P5 : 150 - 209 - 250 - 370

GRAFT (intestinal) - IV, S24& : 438
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GROUND water contamination - II, S05 : 299
S22 : 397
GROUND (fission product) contamination - VI, $21 : 289
G.S.F. - V, SO3 : 356

GUNDREMMINGEN - III, S27 : 188

GYPSUM cements - II, S22 : 059

HAEMOPOIETIC system recovery - IV, S14 : 238
HAND (kilo-rad irradiation of a) - VI, S21 : 213
HEALTH, energy production - I, S30 : 519

HIGH ENERGY electrons - II, P5 : 150

HIGH ENERGY X-rays - II, P5 : 150
V,Pkb : 270

HISTOPATHOLOGY - IV, S28 : 342
HORMONES, radiosensibility - IV, S14 : 234
HOSPITAL personal dosimetry - III, S11 : 300

HOUSEHOLD water - II, S22 : 397

1.A.E.A, - V, SO3 : 484

I.A.E.A., recommendations for releases - II, S23 : 517
I.C.R.P. - IV, S09 : 253

I.C.R.P., new recommendations - I, S13 : 513

I.C.R.U.,, S.I. units -V, 815 : 514

IMMUNOLOGY - IV - S24 : 437
S28 : 344

TNCIDENT - II, SO5 : 299
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INCIDENT (nuclear weapon) - II, Phc : 138
INCINERATOR (waste) - VI, S12 : 283

INDEX (dose), combination : see DOSE
INDUSTRIAL radiography - VI, S21 : 183
INDUSTRY (contrdls in) - II, S22 : 055 - 059
INDUSTRY (phosphate) - II, S22 : 109 .

INFORMATION : see List of the general topics (I)
session S29

INHALATION, monitoring - III, S10 : 252
S18 : 110 - 154
IV, P7 : 201 - 223 - 361
S17 : 103
S26 : 106
s28 : 344
vI, sS21 : 359

INSTRUMENTATION : see Index of sessions

INTERCOMPARISON - V, SO03 : 379 - 484

INTERNAL contamination - II, SO2 : 392
o iv, S09 : 063 - 219

S26 : 518

VI, S21 : 288

INTERNAL contamination, incident ~ V, P7 : 447
INTERNAL decontamination - IV, S24 : 089
INTERNATIONAL cooperation - II, SO5 : 483
INTERNATIONAL coordinated research - V, SO3 : 484
INTESTINAL transplantation - IV, szh : 438

IODINE - II, 520 : 151"
V, Pha : 446

IODINE 123 - IV, S09 : 063

IODINE 129 - II, SO2 : 426
Iv, S09 : 261

IODINE 130 to 135 - IV, S09 : 219

IODINE 131 - II, S19 : 066 - 4Ll ves/
IV, S09 : 063
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IODINE behaviour in nuclear accident - VI, S21 : 372
IODINE releases - II, 502 : 184
IODINE (ventilation, filtration), testing - II, S20 : 366
ION chamber - II, P5 : 209
Vv, P1 : 350

P3a : 156 - 357

Pha : 174 .

S03 : 220

IRRADIATION (acute) - III, S25 : 327
Iv, S24 : 433 - 437 - 438

IRRADIATION (dose assessment in fatal) - VI, S21 : 457
IRRADIATION (kilo-rad) of a hand - VI, S21 : 213
IRRADIATION, plant - III, S18 : 012

IRRADIATION (prenatal) - IV, S06 : 141

IRRIGATION - II, S05 : 391

KERMA - V, Pib : 355
KIDNEY - IV, s24 : 40O

K TRANSPORT, cellular biology - IV, S06 : 235

LABORATORY (mining) -~ III, S18 : 386
LABORATORY (mobile) for dosimetry - V, Pha : 128
LAND (reclaimed)- II, S22 : 065 - 109
LASERS - I, SO7 : 130 - 182
III, S11 : 108
IV, S09 : 476

LATENT period - IV, S06 : 141

LEGAL aspects - III, S10 : 337
VI, 521 : 024
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LEUKAEMIA - IV, SO6 : 1

b1

S17 : 335 - 467

LICHENS (food chains) -

I1,

P4c - 085

LIFESPAN - IV, S2%4 : 229 -~ 346

s28 : 34
LIMITATION of releases
LIMITS (operative) - II
LINEAR hypothesis - I.

LITHIUM borate - V, P6

3

30 -

: see Index of sessions

, S2
s01

34

LTTHIUM FLUORIDE - V. P6

LITHIUM sulphate - V. P6

LIVER (plutonium 239) IV, S

LONG LIFE radioisotopes
LONG LIFE wastes - VI,
LOW dose : see DOSE

LOW dose (chromosomes)

-1

512

- IV

2

428 - 451

0]

411

165 - 307 - 340 - 371

423
26

I 1

512

, S14

LOW energy gamma detector - V,

LOW energy photon -~ IV,

509

041

S05

: 239

P3a :

057

LOW LEVEL activity wastes - VI,

LOW LEVEL (skin effects) irradiation - III,

193

116

S12 : 283

s25 : 218

LUMINESCENCE, absorbed dose, operating - III, P2a : 398

LUMINESCENCE, (gamma rays)

LUMINESCENCE (lyo-) dosimeter - V, P6 :

LUMINESCENCE (thermo) -

I,
11,

v9

- III,

507
519
s22
P5

S03
P3a
Phb
P6

418
245
351
ohk
135
334
270
105
340

$10

337

176 - 413 - 414

LYY
083
220

163
371

- 370

- 164 - 168 - 307 - 338
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LUMINESCENCE, whole body dosimetry - III, S10 : 137
LUMINESCENT (thermo-) materials - V, P6 : 165

LUMINOUS paints - II, S22
ITI, S11

: 055
¢ 255

LUNG cancer - IV, S28 : 343 - 344 - 374

LUNG cells targets - IV, S28 : 342

LUNG (plutonium), dose prediction - II, S02 : 067 - 120
IV, S09 : 057 - 187
s17 : 103 - 228
s24 : 400
P7 : 387
V, P3a : 116 - 462

LUNG, radon - IV, S26 : 106
LYMPHOCYTES - IV, S24 : 437
LYOLUMINESCENCE : see LUMINESCENCE

LYSOPHOSPHOLIPIDS - IV, S06 : 235

MAGNOX reactor - II, P3b : 286

MAMALIAN CELLS vitamine C - IV, S14 : 011

MAN (cobalt 58, metabolism) - IV, P7 : 447

MAN (fall out dese in) - IV, P7 : 029

MAN (natural radioactivity, metabolism) - IV, P7 : 093
MAN (plutonium 239), injection - IV, P7 : 191

MAN (standard) - II, SO5 : 391

MAN (tellurium isotopes), metabolism - IV, S26 : 318
MARINE pollution - II, Pic : 138 - 205

MARROVW (bone) dose - II, P5 : 149

MATERIALS (building) --II, S22 : 351 - 419
V, Pka : 224

4
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MATERIALS (thermoluminescent) : see LUMINESCENT
MATHEMATICAL model : see MODEL

MAXIMUM allowable concentrations - I, SO& : 050
MEASUREMENT (dose) : see DOSE

MEASUREMENT (electromagnetic field) : see FIELD
MEASUREMENT (gamma rays) : see GAMMA rays
MEDICAL ASPECTS - III, P2c¢c-: 185 - 274 - 461

MEDICAL exposure, general purposes- II, S19 : 516
see also EXPOSURE

MEDICAL treatment after acute irradiation - III, S25 : 327
MEDICINE (nuclear) - II, P5 : 420

MEDIUM (saturated porous) - II, SO5 : 193

MEDULLARY restoration - IV, S2& : 433

MEMBRANES (arteficial) - IV, S06 : 235

METABOLIC studies : see sessions 826 and P7

MICROPOCESSORS - V, P1 : 320
P6 : 105

MICROWAVES - I, SO7 : 130 - 182 - 304 - 523

184
446

MILK contamination - II, S0O2
V, Pka

MINERAL water, animals - II, S22 : 455
MINING - ITII, S10 : 125 - 178
S18 : 154 - 427
IV, s17 : 228
MINING - high-grade ore - III, S18 : o022

MINING, laboratory - III, S18 : 386

MINING : population exposure - II, S22 : 065
V, Pha : 473

MITOCHONDRIAE - IV, SO06 : 235

MITOTIC activity - IV, S24& : 237 /



MIXED radiation fields - V, P6 : 423
03 : 291 - 356

MODELS (mathematical) shielding - VI, P2b : 216

MODELS (mathematical) - II, P3b 160 - 294 - 354 - 403

S02 : 426
SO05 : 193
ITI, 510 : 178
IV, S06 : 010 - 141
S09 : 071 - 134 - 302
S17 : 037
P7 : 201 - 223 - 387

MOLECULAR action (radioprotector - D.N.A.) - IV, Si1k : 383
MONITORING (personnel) : see session SO3
MONITORING (inhalation) - III, S10 : 252

MONITORING (environmental) - II, SO5 : 483
V, P3a : 334

MUTAGENICS (chemical) - I, SO4& : 050

NATURAL dose - I, 801 : 305
NATURAL radioactivity : see Index of sessions and session S22
NATURAL radioactivity, dose distribution - IV, P7 : 029 - 093

NATURAL radionuclides - V, Pha : 224 - 473

Phc 049
NEUTRONS - IV, S09 : 476
$17 : 335 - 467
V, 803 : 379
P1 : 118 - 233 - 306 - 377 - 415
P3a : 087 - 114k - 357
P6 : 129 - 159 - 165 - 176 - 307

1
NEUTRONS, dose equivalent - VI, P2b : 172

NEUTRONS, energy response - VI, P2b : 216
NEUTRONS fluence - V, Pib : 214
NEUTRONS (shielding) - VI, P2b : 0006

NEUTRONS spectrometry - V, Pib : 214 - 270 - 355 - 401
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NON IONIZING radiations : see §ession 507

NORM : see Index of sessions

NRX - III., S27 : 175

NUCLEAR energy. health - I, S30 : 519

&UCLEAR equipements decontamination - III, 827 : 525
NUCLEAR medicine - II, P5 : 420

NUCLEAR power plant : see S20 and S27 and

. II P3b : 061 - 286
11T, S18 : 124 - 466
V, P3a : 068

NUCLEAR power plant (releases from) ., II, S02 : 341 - 426 - 431
NUCLEAR power plant. training - I, S29 463

NUCLEAR weapons - TI. Phc : 085 - 138 - 205

OCCUPATIONAL dose : see DOSE

OCCUPATIONAL exposure - I, S0O7 : 025 - 485
II, S19 : 066
$20 : 479
IV, S17 : 228
v, P7 : 447

AN
OCCUPATIONAL exposure (medical aspects) - III, P2c : 274
OCCUPATIONAL exposure, regulation - III, S27 : 316
OCCUPATIONAL lealth : see Index of sessions (INDUSTRIAL hygien)

OCCUPATIONAL radiation protection : see list of the general topics
(WORKERSlexposure)

OPERATIONAL health physics - V, P3a : 068
ORGAN dose : see DOSE
OSTEOSARCOMA - IV, $28 : 264

OVARIES dose - II. P5 : 244
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PAINTS (luminous) - II, S22 : 055
II1I, S11 : 255

PARAMETERS (atmospheric diffusion) - II, P3b : 061
PATIENT exposure : see EXPOSURE (patient)
PERSONAL dose : see DOSE
PEﬁSONAL dosimeter : see DOSIMETER
PERSONAL dosimetry : see Index of sessions
PERSONAL monitoringl: see MONITORING and Index of sessions
PERSONNEL dose : see DOSE
PERSONNEL dosimetry : see Index of sessions
PERSONNEL dosimetry : gynecological applications -_III, S11 : 300
PERSONNEL exposure : see List of the general topics and EXPOSURE
PERSONNEL monitoring : see MONITORING and Index of sessions
PHANTOM - II, P5 : 044 - 150 - 230
S19: 245

IV, S09: 063 - 071 - 208 - 292 - 313 - 476
PHA&TOM exposure - V, Phb : 214 '
PHANTOM for low energy photon - IY, S09 : 057
PHANTOM (neutrons, energy response) - VI, P2b : 216
PHARMACEUTICALS (radioactive) - II, S19 : 104

PHOTON - V, P6 : 176 - 307 - 413 - see also GAMMA
503 : 379

PHOSPHATES hazards - I, 822 : 059 - 109 - 113 - 315 - 419
PIG - IV, S24 : 438

PLANT (alpha particles) - III, S10 : 252

PLANT (fossil-fuel power) - I, SO4 : 410

PLANT (gazeous discharges from nuclear power) - I, SO4 : 410

PLANT (nuclear power) : see NUCLEAR power plant

ooe/



PLANT (nuclear processing or reprocessing) - II, S02 : 389
520 : 179 - 280

281
ITI, 518 : 012 - 110

466

PLANT (processing) dosimeter - V, P1 : 306
PLATINIUM 195 m metabolism - IV, P7 : 429

PLUTONIUM - IV, 509 : 057
s28 : 084 - 344

PLUTONIUM, accident ~ VI, 821 : 359

PLUTONIUM, actigides nuclear power plant -~ II, 502_: 341
PLUTONIUM fall out : see Session Pkc

PLUTONIUM fuel fabrication - III, S18 : 012 - 110
PLUTONIUM in algae and crustacean - II, S02 : 389
PLUTONIUM,lung - V. P3a : 462

PLUTONIUM, lung, dose prediction - II, SO02 : 067 - 120
PLUTONIUM metabolism : see sessions 526 and P7
PLUTONIUM processing area - III, S18 : 124

PLUTONIUM rates chelation - III, S25 : 158

PLUTONIUM, solid wastes - V, P1 : 393

PLUTONIUM (surface contamination) - II, S02 : 067
POLLUTION (marine) - II, Phc : 158 - 205

POLLUTION (atmospheric) - I, SO4k : 410

POLLUTANTS (chemical) - I, SO4 : 016 - 226

149

POPULATION contamination - II, P5
S 036

VI, s21

oo ve

POPULATION exposure : see List of the general topics and
I, SO7 : 304
IV, S17 : 335 - 467

POPULATION information - I, $29 : 086 - 425
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POTASSIUM - II, S22 : 017

POTENTIALIZATION effect - IV, S24 : 400

PRACTICE (dose combination) - I, SO8 : 452

PREGNANT woman - IV, S09 : 208

PROFESSIONAL accidents -~ I, SO4 : 330

PROFESSIONAL diseases - I, SO4 - 330

PROTACTINIUM 231 and products, excretion - IV, P7 -~ 093
PROTONS (cosmic{ - Iv, 817 : 380

PSYCHOSOCIOLOGY - I. S29 : 425

PUBLIC information : see List of the general topics

P.W.R. decontamination - III, S27 : 525

QUALITY factors - V, Pib : 270

RADIATION (background) - V, Pka : 128 - 192

RADIATION fields (mixed) : see MIXED

RADIATION (non-ionizing) : see session S07

RADIATION (skyshine) - V, P2b : 216

RADIATION waste - V, Pha : 128

RADICALS (free) from chemical pollutants - 1, SO4 : 016
RADIOCHEMICAL procedures - II, Phc : 049 - 202 - VI: S12 : 241
RADIOFREQUENCY radiation - I, SO7 : 025 - 304 - 485 - 523 - 524
RADIOGRAPHY (industrial) - VI, S21 : 183

RADIONUCLIDE toxicity - IV, S28 : 084
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RADIOPROTECTORS : see session S1& and
IV, S06 : 301

RADIOSENSIBILITY - A.C.T.H., - IV, S14 : 234

RADIUM - II , S22 : 017 - 113 - 455
III, S18 : 339

RADIUM 224 - IV, S28 : 084 - 264
RADIUM 226 - IV, S28 : 264
RADIUM refining - II, S22 : 411
RADIUM retention - IV, S09 : 302
RADON - II, S22 : 059 - 109 - 397
I1I, S18 : 154
IV, S09 : 187
s28 : 374
V, Pha : 224

RADON 222 and daughters - II, S22 : 207
IV, S26 : 106

RADON daughters - V, P1 : 091 - 162
RAMSAR site Iran - II, S22 : 455
R.B.E. - I, SO4& : 489

. IV, S17 : 467

s24 : 229

REACTORS core (fast) - VI, s12 : 285
~REACTORS: see NUCLEAR power plant
READER (automatic) - V, P6 : 105 - 163 - 307
RECOMMENDATIONS. I.A.E.A., releases - II, 523 : 517
RECOMMENDATIONS.(new), I.C.R.P, - I, 513 : 513

RECONSTRUCTION of accidents - VI, S21 : 311

RECOVERY - gastrointestinal system - haemopoletic syétem
IV, S14 : 238

REGISTER (personal dose) computer - III, S10 : 034
REGULATION - III. S27 : 316

REGULATION (X-rays) - I, sS08 : 030 /



REINDEER METABOLISM - II, Pic : 202
RELATIONS (public and industrial) - I, S29 : 086 - 425

RELEASES : see Index of sessions and -sessions S02 and S20,
see also WASTES

RELEASES, I.A.E.A. recommendations - II. 8523 : 517
RELEASES (waste) - VI. S12 : 512

RELIABILITY - V., S03 : 382

REM-equivalent for chemical toxicity - I, SO4 : 016 - 050
REM (thermal neutron) counter - V, P1 : 377

REPATR mecanism - IV. SO6 : 301

REPROCESSING plant : see PLANT

RESPONSE (energy) - V. P6 : 371 - 413

RESTORATION - IV, 824 : 237 - 433

RETENTION (mathematical model of) - IV, P7 - 223

RISK (non radioactive) - I, SO1 : 227
S08 : 094 - 469

RISK (acceptable) - I, SO1 : 227 « 408 -~ 490

RISK/benefit - II. S19 : 472
s522 : 055

RISK criteria - VI. 821 : 364
RISK (transport) - VI. S$21 : 424

RUTHENIUM, sediment absorption - II, S02 : 221 - 388

SACCHARIDES - V. P6 : 176 - 414

SATURATED porous medium - II, SO5 : 193

SCINTTLLATION techniques - III, P2a : 432
IV, SO09 : 057
V., P3a : 032

Pha : 192 - 224 - 254 - Li46

4
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SCINTILLATION (alpha particles) - III., S10 : 125 - 178

7

SCINTILLATION (liquid) - V - gzs : ;;g - 4h2
SCTNTTLIATOR (spheres of) - V. Pha : 153
SEDIMENT absorption - IT. S02 - 136 - 221
SEDIMENT (ruthenium in) - II. $02 : 388

S.H. group. molecular biology - IV, S06 : 301
SHIELDING : see session P2b

SHIELDING (accelerator) - V, Pib : 401
SHTELDING. design aspect - ITTI, S27 : 293
S,I. units ~ V, 803 : 157

S.I. units. 1.C.R.U', -V, 815 : 314

SILICIUM oxyde - TV. S24 : 400

SITOLOGY -~ II. $S20 : 527

SKIN, absorbed dose distribution ~ 1II. P2c¢c : 461
SKIN decontamination - III. 525 : 231

SKIN dose - TI., P35 : 230

SKIN effects. low-level irradiation - III. $25 : 218
SKYSHINE radiation - V., P2b : 210

SOIL contamination - 11, Pi4c : 138 - 145
SOLID state techniques - V. Pha : 128

SPARK counting - V. Pt : 129 - 159
SPECTROMETER (bonner) - V. Pib : 270 - 401

SPECTROMETRY : see DOSIMETRY and. in particular. sessions P3a
and Pha

SPHERICAL crystal - V. Pha : 192

STANDARDIZATION (dose quantity for) - V. S03 : 384

STANDARD man - IV, 509 : 253

STANDARDS (calibration) - V. P3a : 032 - 058 - 068 - 156 - 334
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STANDARDS committee - I, SO08 : 026 - 460
STANDARDS (radiation protection) - I, SO7 : 130
II. S22 : 419
STANDARDS (training) - I, S29 : 038
STATISTICAL procedure, cellular biology - IV, SO06 : 010
STIMULATING effect - I, SO1 : 428 - 490
STRONTIUM - IT, P4c : 276
S05 : 352
IV, s21 : 036
STRONTIUM sulphate - V, P6 : 423
SURFACE contamination - II, SO2 : 067
V, Pha : 254
SURFACE water - V, Pha : 473
SURVEY instruments - V, SO3 : 382
SYNDROM (gastrointestinal) - IV, S24 : 438
TAIWAN reactor - II. P3b : 186
TECHNETIUM 99 M - II, S19 : 245
IV, S09 : 063
TELLURIUM metabolism - IV, $26 : 318
TEST (nuclear weapon) - II, Phkc : 085 - 205
THERAPEUTIC (medical) - II, P5 : 150 - 244 - 248 - 263
$19: 066 - 210 - 44k
IV, S17: 096 - 155
THERMOLUMINESCENT : see LUMINESCENT
THORON 220 and daughters - II, S22 : 207
THRESHOLD concentrations - I, SO4 : 050 - 489
THRESHOLD dose - I, SO1 : 095 - 428 - 451 - 490
THYROID - II, S19 : 066
IV, S09 : 261

s



T.N.O. - V, S03 : 356
TOMOGRAPHY (computerized axial) - II, PS5 : 404
TOXICITY (alpha) - IV, S$28 : 342

TOXICITY (chemical) - I. SO4 : 016 - 050 - 251
Iv, s26 : 318

TOXICITY (plutonium with sodium) - IV, P7 : 062

TOXICITY (radionuclides) - IV, S28 : 084

TOXICOLOGY (animal experimental) - I, S04 : 489

TRAINING : see List of the general topics and session S29
TRAINING (education and) - II, P5 : 420
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INSIGNIFICANT LEVELS OF DOSE : A PRACTICAL SUGGESTION
FOR MAKING DECISIONS
G. A. M. Webb and A. S. McLean
National Radiological Protection Board
Harwell, Didcot, Oxon, United Kingdom

1. INTRODUCTION

A1l human activitiesentail some risk. Most uses of radiation or radio-
activity will give rise to a distribution of doses and hence to a
distribution of risks. At present it is assumed as a working hypothesis
that all doses may carry some risk and that the incremental risk is
directly proportional to the incremental dose. It is relevant however to
ask whether there is a level of dose and risk which is insignificant from
the point of view of the recipient, If this were so then the further
question could be put whether these doses and risk which are insignificant
from the viewpoint of the individual should be regarded as significant by
society acting on behalf of that individual. In particular should these
risks be regarded as so significant as to justify diverting resources- to
reduce them.

.In this report the arguments for such insignificant levels of dose and

risk are developed; a system is proposed for ignoring them in calculating
collective doses for use in practical decision-making. The system involves
defining a "cut-off" level of annual dose or dose commitment below which
doses are not included in the calculation of collective dose from a "practice"
in such a way that no-one is exposed to doses, which have been ignored,

from too many practices. The term "practice" is used to mean an event or
series of events which may lead to radiation exposure of people. The
concept of a "cut-off" dose is not new and the authors would like to
acknowledge helpful discussions with many people in developing the practical
suggestions presented here.

2. RISK

Most people have an intuitive feeling of what is meant by risk and take
decisions based on risk assessments very frequently. Some of these are
concerned with financial risk, such as decisions to invest in a venture,
back a horse etc., others are concerned with health and welfare risks such
as decisions 1o smoke cigarettes or wear a car seat belt. A dictionary
definition of risk is "the chance of bad consequences"; it is also conven-
ient to consider a risk rate which may be defined as "the probability of
unwanted consequences of an action oxr event within a specified period of
time," This is similar to the definitions used by Starr (1) and Rowe (2).

Since in the present context we are concerned with risks from radiation
and these are manifest as effects on health we will restrict ourselves

to considering risk in these terms. Health effects vary greatly in sevexrity
and are difficult to quantify simply; death is therefore the final effect
concerning which statistics tend to be readily available and using which
coumparisons between radiation and other risks can be made. It is useful
for comparison to express risk relative to time rather than to the causal
event since different causes will be measured in different ways. A year
is generally a convenient timescale for measuring the consequence of human
endeavours so our basic definition of a continucus risk rate is: "The
annual probability of death."



Individuals will often accept high risk rates in_exchange for the benefits.
Thege annual risks commonly range as high as 1077 for certain occupations
or voluntary activities, including cigarette smoking. At lower levels of
rigk are most occupations which are not normally reggrded as "hazardous"
with an average annual risk ranging from 10-4 to 10™2 (3). The annual
rigk of death from natural causes (excluding accidents)for people in the
prime of life is also about 10-3 and at no period in life does it drop
below 10~4 (). The risks from events over which peocple feel they have
little control (involuntary risks) tend in general to be lower than the
rigks from voluntary activities.

The concept of a level of risk which is not taken into account by the
individual when making decisions is the concept of a '"negligible" level
of risk. It is suggested that the lowest level of amnual risk which
people do take into account in decisions is probably in the region of
10~ to 10-5 and that at some point below this the risks cease to be
seriously considered and are therefore '"megligible."

Quantitative levels for ™egligible™ risk have been suggested by several
authors. Ash et al. reporting on a recent meeting (5) conclude, particu-
larly on the basis of medical examples, that an ammual risk of about 10~
is somewhere near the level below which concern ceases. Chicken (6)
suggests that an annual risk of 10-6 is the level below which no action
to reduce a hazard is expected. Pochin (3) quotes estimates of activities
giving rise to a risk of 10-6 as smoking 14 cigarettes, drinking % bottle
of wine, travelling 50 miles by car or 250 miles by air, rock climbing
for 1% minutes, canoeing for 6 minutes, engaging in typical factory work
for 1-2 weeks or simply being a male aged 60 for 20 minutes.

We propdse that an annual level of risk of 10—6 is one which is not taken
into account by individuals in arriving at decisions as to their actions
and which is therefore "negligible" i.e. it can be neglected.

3. FROM "RISK" TO "DOSE"

Since we are concerned with low levels of both dose and risk only late
effects of radiation need be considered., These effects are reviewed in
great detail from time to time but for the purposes of this paper a very
broad approach has been adopted.

The assessment of late somatic effects is based on a linear, no-threshold
model in which the probability of cancer death is considered to be directly
proportional to the total dose. Bearing in mind that linear extrapolation
from effects at high doses and dose rates might over-estimate possible
risks, at least for low LET radiation, an overall risk coefficient for
death due to induction of all cancers of 10-4 per man rad seems a reasonable
order-of-magnitude estimate of the uppermost level. In view of the latent
period between the receipt of the dose and the appearance of cancers in the
irradiated population a direct comparison of the risk of death from cancer
induced by radiation with the risk of death from natural hazards and most
other cauges mentioned earlier will over-emphasize the relative hazard

from radiation.

In addition to the somatic risk from radiation, hereditary defects may
occur in the descendants of the irradiated population and will be super-
imposed on the normal incidence of serious hereditary defects. For our
broad approach we have assumed that if the risks of direct somatic effects
aré very low, then the risks of serious genetic effects will be even lower
and will not change our order-of-magnitude risk estimate.



On this basis an annual risk of death to the individual from cancer of 10_6

will correspond to an annual dose of the order of 10 mrad or more. In
addition to the individual risk of death this dose will carry a lower risk
of future serious hereditary defects.

In view of the many assumptions which are likely to lead to over-estimates
of the risk from radiation and the delayed effects of that radiation an
annual dose or dose commitment of 10 mrad may be regarded as even more
likely to be insignificant from the vicwpoint of the individual. Because
of the way it has been derived this proposed value of 10 mrad applies
strictly to whole body irradiation. It would be correct when considering
individual organs to adopt different, higher values corresponding to the
same risk level. In view of the purpose for which an insignificant dose
has been defined, however, such refinement is not considered necessary
and the insignificant annual dose or dose commitment of 10 mrad may be
taken to apply to the whole body or to specific organs.

L. A COMPARISON OF THE PROPOSED "INSIGNIFICANT" DOSE WITH ACCEPTED
VARIATIONS IN INDIVIDUAL DOSES

It is legitimate to compare the "insignificant" dose derived above with
variations in individual doses which are themselves regarded as of no
consequence or simply ignored. Natural background radiation is the most
useful comparison but certain aspects of medical irradiation are also
suitable.

Most of the dose to an individual in general 1s due to natural background
radiation of both cosmic and terrestrial origin. There is, and always

has been, a variation in natural background radiation dose between different
localities in the United Kingdom and throughout the world. The known
variation in loéal, naturally occurring radiation to which people in the

UK are exposed in the course of their ordinary every-day existence is such
that the resulting ammual doses for different individuals may be anywhere
in the range 50 - 200 mrad. This almost certainly under-estimates the true
variation, but it is at least ten times the dose which we propose should

be regarded as "insignificant."

Although variations in the cosmic ray component of natural background are
small at ground level especially within the UK, the dose rate increases
rapidly with altitude. At the cruising height of conventional jet air-
craft the cosmic ray dose is about 0.l mrad h-1 so a dose of 10 mrad would
be received in roughly 25 hours flying.

A further indicator may be found in the recent guidelines on irradiation

of Human Subjects for Medical Research (7). Experiments in the lowest
category involve total body doses of the order of 10 mrad and are said

to give rise to no particular radiation protection or radio-biological
problems. The risk resulting from experiments in this category is described
as negligible, using similar arguments to those developed here.

5. USE OF THE CONCEPT OF "INSIGNIFICANT DOSES" TO ASSIST IN DECISION
MAKTING

The present guidelines on which decisions should be based are those
formulated by ICRP in Publication 9 (8) and elaborated in Publication 22 (9).

5.1 Individual dose limits

The existence of a 1ljmit does_not of itself give indication o W
far below the limit (if at all? the maximum §r avgggge oses sﬁoufdh'ge



maintained. More significantly it does not assist in the consideration

of how much effort should be expended to maintain doses at any lower level.
In our view the main usefulness of the dose limits and criteria derived
directly from them such as Derived Working Limits (DWL) is to provide a
means of assessing the significance of measured doses or other parameters.
This is particularly true of DWLs since in their most useful form they are
specific to a particular nuclear installation or environmental parameter.,

5.2 Collective dose and collective dose commitment

Because of the limitations noted above ICRP suggested the use of the
quantity "Collective dose™ as a tool for use in cost-benefit analysis.

It is generally insufficiently realized that there are many assumptions
underlying the definition and use of the quantity collective dose. The
most fundamental is the assumption of direct proportionality between

dose and effect at all levels of dose. Other assumptions are that there

is no threshold below which doses are inconsequential, that dose rate is
unimportant and that damage repair does not occur. Given a full realization
of these assumptions the quantity can be useful in certain ways.

(1) If the dose rates and dose distributions from two practices are similar
the collective doses can be used to compare the relative radiation detri-
ments from the practices.

(2) If all the above assumptions can be granted and a figure agreed for
the monetary cost of collective dose then this can be used to assess the
cost-effectiveness of methods for reducing doses.

An extension of the idea of collective dose is that of collective dose
commitment, in which the future dose rate is integrated over time.

5.3 Imposition of limits on the integrals

Despite the underlying assumptions it is normally accepted that the lower
and upper limits for the integration of collective dose are zero and
infinity respectively. It is sometimes pointed out that there is a practical
upper limit in the region of the dose limit for very many situations but no
such qualification is normally attached to the lower limit despite the
suggestions by ICRP (9) that:

"The use of the concept of population dose in the process of decision
making should, therefore, be supplemented by consideration of the dose to
individuals. At low levels of individual dose, e.g. those small by
comparison with variations in local natural background, the risk to the
individual is so small that his health and welfare will not be significantly
changed by the presence or absence of the radiation dose." and

"In practice, however, at levels of individual dose that are small fractions
of the relevant dose limit, there will be no need to pursue the summation
beyond the point where it becomes clear that the further contribution to

the sum will not change the estimate of population dose by more than a
factor of 2 or 3."

We therefore propose to formalize the calculation of ecollective dose for
the purpose of practical decision-making by means of a numerical lower
limit to the integrals both in space and time. This lower limit, if
properly chosen, will sexrve several useful functions:



1) It will codify an existing situation in which most collective doses
are calculated with some arbitrary limit which may be defined by the
distance from the source, the population of a country, the lower limit

of detectability of the measuring equipment used or the year 2000.

(2) It will prevent effort being expended on the measurement, estimation
or calculation of doses which the individual would regard as of no conse-
quence and help to focus attention on those doses which may matter.

(3) It will make the estimation of harm from radiation more compatible
with estimates of harm from other causes. This should make comparisons
less heavily weighted against options involving radiocactivity and also
promote the adoption of better standards for other causes of detriment

if those adopted for radiation seem reasonable and practicable. This
would be in line with the advice given by ICRP (10) that:

"The more cautious such a procedure (estimates of risks from radiation)

is, the more important it becomes to recognise that it may lead to an over
estimate of the radiation risks, which in turn could result in the choice
of more hazardous alternatives to practices involving radiation exposure."

It is worth noting for example that the numerical value of the analogue of
the "collective dose commitment" with a lower limit of zero is infinity
for any non-degradable chemical pollutant.

For these reasons we propose that the definition of collective dose from
a given ®practice'" for the purposes of making decisions should be:

w
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where Dy is the cut-off below which individual doses are not
included in the integration.

Similarly the definition of collective dose commitment should be
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where Tp is the time at which the maximum annual individual dose
of the distribution falls below Ig.

6. DEFINITION OF A "PRACTICE" AND OF A "CUT-OFF DOSE"

In order to arrive at a numerical value for Ip we will need to define a
“practice" sufficiently broadly that doses which have not been included

in the integration do not, for any individual, exceed in total the level
of dose regarded by the individual as insignificant. Thus the definition
of a practice and the choice of a dose below which individual doses are
not included in the integration are interrelated. It is clear that however
a practice is defined a person will be likely to be exposed to a number of
practices so the cut-off dose adopted will be some small fraction of the
dose regarded as insignificant by the individual.



Taking into account the various sources of irradiation of the public and
their associated level of dose we propose that a '"practice" and a "cut-
off dose" should be defined for the purpose of decision making such that
an average individual will be highly unlikely to receive in a year enough
doses from practices which have been ignored on his behalf that they would
in total exceed 10 mrad.

6.1 Formal Definitions

We propose that this could be achieved with the following framework of
definitions on the basis that no individual is likely to receive doses
approaching the cut-off level from more than, at most, a few tens of
practices.

Cut-off Dose, Ip: The level of annual individual dose or dose commit-
ment incurred during a year below which doses are not included in the
integration when calculating collective doses from a practice for the
purpose of decision making. This annual dose or dose commitment is
defined as 0.1 mrad. As was noted in section 3 the same numerical value
is taken to apply for whole body or organ doses.

Practice: Category A. For devices or procedures which irradiate individuals
(consumer products, miscellaneous sources, medical uses of radiationm,
occupational exposures) a practice is defined as :

One year of utilization of the device or procedure.

Practice: Category B. For procedures giving rise to environmental
contamination and doses to numbers of people (waste disposals, atmospheric
nuclear weapon tests) a further distinction is necessary on the basis of
radionuclide half-life.

B1 - For radionuclides with half-lives less than 1 year a practice is
defined as:

One year of release of a radionuclide from a site or
a number of related sites.

B2 For radionuclides with half-lives greater than 1 year, since these
will accumulate in the environment and need to be considered over a longer
time span, taken as thirty years, a practice is defined as :-

Thirty years of release of a radionuclide from a site
or a number of related sites.

In the above definitions the term "related sites" means those which
can be expected to cause irradiation of the same people.

7. INTERPRETATION OF THE DEFINITIONS

In principle the definitions under 6.1 should cover all situations. In
reality however for many situations they are not relevant. In this
section the broad methods of application of the definitions are examined.

T.1 Category A Practices

Medical uses of radiation - The definition means that each type of exam-
ination which is normally carried out no more often than once a year on

each patient will be counted as a "practice." TFor those examinations or



treatments which require several exposures to radiation then the full
course will be the "practice."

Consumer Products = The implication of the proposal is that individual
annual doses or dose commitments less than 0.1 mrad from any product need
not be considered in assessing the product. This will mean that productse
which give rise to doses less than the cut off will not need to be care-
fully assessed and Justified against these doses but can be regarded as of
no radiclogical consegquence.

Occupational exposure =— the use of this definition would have very little
effect on the assessment of the importance of occupational doses.

7.2 Category B1 Practices

The effect of this definition would be to codify the existing situation

in which short-lived radionuclides are ignored unless they are discharged
in sufficient quantities and in such circumstances as to give rise to doses
to members of a critical group which are a significant percentage of the
dose limit. The formal definition would quantify this by stating that
these radionuclides could be ignored unless there was an individual annual
dose from a radionuclide exceeding 0.1 mrad (0.02% of the current whole
body dose limit). If there were doses above this, it might be desirable

to assess the costs of reducing the discharges; otherwise the exercise
need not be carried out.

7.3 Category B2 Practices

Depending on the particular radionuclides involved and the circumstances
of the release, practices in this category may be considered to affect
local areas, regions or even the whole world.

If a radionuclide were released in circumstances such that doses were

only received by people living around the site then the release could be
considered as an isolated practice. In the case of releases from a number
of sites into a common environment, such as a river or sea, then the
releases from all the sites would need to be considered together. In some
very special circumstances, such as releagses of noble gases to atmosphere,
then the releases from all the sites in a region must be considered
together. In the latter case, since the objective is decision-making, it
is not useful to extend the region outside of the control area so this is
defined as a country or group of countries.

Some of these radionuclides will have very long half-lives but it is not
possible to allow for their indefinite build—up in the environment, partly
because of uncertainties attending the duration of their producti m. It
seems therefore that the rational way to proceed is to make decisions for
the timescales for which equipment and plant will last (about three decades),
and then for subsequent future decisions to take into account the persistent
effects of past decisions. If this seems to be pre-empting the freedom of
action of future decisiomr-makers we would point out that such pre—emption

is normal. An outstanding example is our deliberate use of limited energy
resources,

8. CONCLUSION

We have proposed a system for assessing the component of the collective
dose from different practices which is appropriate for use in decision—
making based on the conceptethat there exists a level of annual dose which
is insignificant to the individual. On the basis of an analysis of risks



from other causes and the nermal variations in doses to which people attach
no importance we propose that this level of annual dose or dose commitment
incurred during a year is 10 mrad.

We have then defined a practice and a cut-off dose of 0.1 mrad to allow
for many practices in such a way that individuals will not be exposed to
a sufficient number of practices that the total of the annual doses, each
individually below the cut—off, could exceed 10 mrad.

The use of this system to calculate collective doses will codify and make
consistent existing decisiommaking criteria with relation to widely
disparate practices. It will have the effect of directing attention and
effort away from massive analyses of trivial doses back to those higher
doses which may indeed be of significance and which if possible should be
reduced.

One effect of using the system will be that the collective dose from certain
practices, which give rise to a dose distribution which includes no annual
doses in excess of 0.1 mrad, can be ignored completely for the purposes of
decision making. Another effect will be that when the collective dose from
a given practice includes annual doses above 0.1 mrad the magnitude of the
calculated collective dose increases very rapidly with small changes in the
practice., This introduces an effective non—linearity into the relation
ship between the calculated detriment and the size of the releases from the
practice and penalises those practices giving rise to annual doses in
excess of 0.1 mrad in comparison with practices giving rise to annual doses
of the order of or less than this value.
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THE LINEAR HYPOTHESIS OF RADIATION DAMAGE APPEARS TO BE
NON-CONSERVATIVE IN MANY CASES

Karl Z. Morgan
School of Nuclear Engineering
Georgia Institute of Technology
Atlanta, Georgia 30332, USA

The purpose of this paper is to express a word of caution to those members

of the International Radiation Protection Association (IRPA) and to members

of the International Commission on Radiological Protection who seem to believe
our present levels of maximum permissible dose (MPD) for occupational workers
and dose limits (DL) for members of the public are unnecessarily low and
should be increased. At the same time, I would caution persons in the

United States who are advocating that present levels should be reduced by an
order of magnitude. Likewise, I wish to discourage some members of IRPA from
repeating their claim that the linear hypothesis, upon which we base our
present radiation protection standards, is overly conservative.

I believe present values of MPD are satisfactory, but only because in indus-
try and in the vast majority of nuclear energy programs these values are
considered as upper limits so that on the average exposure to radiation of
workers does not exceed 10% of MPD. This practice has developed as a result
of the principle of ALARA (exposures As Low As Reasonably Achievable). Were
the day to come when occupational exposures are averaging 50 to 80% of the
MPD, I would be first to urge a reduction in present MPD. 1In this connection,
I deplore the fact that some nuclear power plants and fuel reprocessing plants
in the United States have ignored the principle of ALERA, have adopted the
practice of "burning out'" employees by using "expendable" temporary employees,
and have exceeded 1000 man-rem/y at some of the power plants. It is unfortu-
nate, also, that for the most part the medical profession ignores the prin-
ciples of ALARA for patient exposures. I do not believe, however, that the
solution to these problems is to lower MPD and DL by an order of magnitude,
for then many health physicists would feel obligated to reduce exposures to

1% or less of our present values; this could deprive us some great benefits
that can be expected from proper use of ionizing radiation. For example, I
believe present average occupational exposure of 5 to 10%Z MPD = 250 to 500
mrem/y to total body does not present an unreasonable or unusual occupational
risk. We might expect this risk to be of the order of 500 x 10=3 x 10~% c/rem
x 40 y = 6 chances of cancer from occupational exposure per 1000 radiation
workers. The long range genetic risk would be about the same magnitude as
somatic risks, and I consider this acceptable in comparison with risks in

safe occupations. However, I would consider a 6% cancer plus a 6% genetic
risk too high. I feel the same about not changing population DL so long as
present practice limits this on the average to less than 10%.

With the demise of the treshold hypothesis, the linear hypothesis has gained
acceptance as the basis for setting radiation protection standards and this
has led some health physicists to decry its use and make incorrect claims:
1) The linear hypothesis holds only in the high dose range, 2) There are no
human exposure data indicating radiation damage due to low doses (ionizing
or non-ionizing), and 3) The linear hypothesis is always overly conservative
in the low dose range.

Regarding claim number 1, just the opposite is true. In the high dose range
the linear hypothesis always breaks down because one cannot cause deaths in
over 100% of exposed population and a maximum effect is reached at some in-
termediate dose because at higher doses the animals do not survive long

enough to die of effects under study. It is true that for low LET radiation
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the linear hypothesis is often conservative for low doses administered to
animals because time is allowed for cell repair and cell replacement. How-
ever, studies of production of leukemia as a result of in uteral x-ray
exposurel,z, and exposure to young people3,4,5, as well as some studies on
old animals, suggest that very young and very old members of a population
are radiosensitive and the linear hypothesis, as applied to them, is non-
conservative even for low LET radiation. Many evaluations 0f6,7,8,9,10,11
cancer production from high LET radiation of humans as a consequence of body
burdens of radium indicate that if there is departure from the linear hypo-
thesis in the low dose range it is in the direction of more cancers produced
per rad at low doses than at high doses and that protractionl2 of time over
which dose from 224Ra is delivered to patients increases rather than
decreases the risk of cancer.

Regarding claim number 2, there are many publications reporting harmful ef-
fects of low exposures to both ionizingl,2,3,4 and non-ionizingl3,1%4 radia-
tions, so I can only conclude those who repeatedly claim such data do not
exist must completely discount the validity of such studies. I do not agree
that findings of these studies can be ignored and believe the validity of
some of the findings is sufficiently substantiated that we must take seri-
ously enforcement of the principle of ALARA.

It is easy to understand why there are adherents to claim 3, and why many
disciples of the old threshold hypothesis are reluctant to abandon belief
that if one does not exceed a threshold dose there is no risk of radiation
damage, or if the dose is kept below a threshold value, the rate of repair
can keep pace with the rate of damage produced. It is true in many cases,
and especially for low LET radiation, the rate of repair may keep up with
the rate of damage. In some cases also the average incubation period for
certain malignancies may be longer than expected remaining life. However,
we should not take too much comfort in such observations because each person
differs in response to radiation such that the only safe assumption is that
no dose can be so low that the probability of radiation damage is zero.

Generally accepted theories of damage lead to the conclusion that a given

type of radiation damage from a given type of exposure is simply a matter

of chance, By this we mean that of the millions of photons and alpha parti-
cles that loose energy in an organ of our body each day; there is always the
remote chance that one of these will damage a cell in such a way that it
survives, but only to reproduce itself in its perturbated form and that in

time there developes a clone of perturbated cells which is identified as a
malignancy. The fact that there is no 'safe'" level of radiation exposure is not
a unique type of risk--we all know, for example, there is never a trip in a
Paris taxi that is ''safe.”

Now that we have discarded the threshold hypothesis, let us summarize reasons
why in some cases use of the linear hypothesis to estimate risk at low doses
is not a conservative assumption as follows:

1. Overkill at high doses. Most estimates of risk from radiation expo-
sure are based on linear extrapolation of effects at high doses down
to zero dose. Often with such extrapolation insufficient account is
taken of overkill and that in no case can more than 100% of the
animals be killed by radiation. Sometimes one simply determines the
best least-squares line which will pass through the (0,0) point.
Some points used in determining the slope of this line may be on the
bend of the curve where the animals are injured by large doses of
radiation such that they do not survive long enough to die of the
effect under study.

2. Short follow-up period of human studies. Most studiesl3 of effects
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of ionizing radiation on man extend over only a small fraction o.

his life span. If one determines the slope of curve of thyroid
carcinoma risk vs x~ray dose and the followup period is only 7

years; studies of population until all have died would increase the
slope of curve and risk estimate.

Fractional life span animal studies. Sometimes comparisons are made
between fetal damage during first trimester of a mouse and damage we
might expect during first trimester of a woman, or a comparison is
made over life of animals having a life span of 20 years with expected
effects over life span of man. Since in many cases damage from ra-
diation exposure may relate more closely to what happens in a given
number of years following exposure rather than what happens over a
certain fraction of the animals' life span, such extrapolations to
man can only lead to underestimates of risk.

Radiosensitivity differs among animal species. Many studies have
emphasized the risk of extrapolating data on effects of radiation
exposure from one animal to another or to man. Differences in
metabolism, turnover rate, GI tract uptake, skin perspiration, blood
circulation, mitotic index, etc., can have a marked effect on animal
response to a given dose of ionizing or non-ionizing radiation. An
examination of data leads me to conclude that more often than not
this kind of extrapolation to man results in an underestimation of
risks.

Heterogeneity of human population. The vast majority of studies of
effects of radiation exposure are carried out with imbred animals.
Radiation ecology programs must be extended to animals in the wild

if we are to simulate effects we expect from low doses to human pop-
ulations. Studies of Brossl6 have indicated that risk of leukemia as
a consequence of in utero x-ray exposure increases by 50007 if the
child had diseases such as asthma, hives, eczema, allergy, pneumonia,
dysentary or rheumatic fever compared with the child without this ex-
posure and history of such disease. In accessing population risk of
low levels of exposure we need to know dose response for young and
old, male and female, sick and well, fat and slim, the person of
average eating habits and the one with peculiar eating habits, etc.
When we have such data, our estimates of risk from low level exposure
will increase.

Cell sterilization. It is well established that as old age is ap-

proached, the percent of abnormal cells in the body increases; for
example, the percent of chromosomal aberrated cells increases with
age of an animal. It is commonly believed that some types of malig-
nancies develop as a result of a series of changes that take place
in the 46 chromosomes that comprise the nucleus of a normal somatic
cell in man. Sometimes certain of these changes may be the result
of genetic mutation conveyed from one's parents. Thus, we have a
scattering of cells and clones of cells which have one or more ab-
normalities, and may present a much larger cross-section for the
production of a malignancy than a normal cell. It may be that the
etiology of cancer is similar to throwing of a series of switches
such that cancer cannot develop unless all switches are thrown.
Children born in a family with one of '"switches' thrown genetically
have a higher cancer risk than average children and persons who

have been exposed to higher levels of carcinogens have more high
cross-section cells that are likely targets for the origin of a ma-
lignancy. When studies are conducted on animals exposed to high
doses of radiation, cell sterilization may take place such that many
cells that are likely targets for development of a malignancy are
destroyed. Thus, such data points at high exposure levels would tend
to reduce the slope of the curve that is extrapolated to zero dose
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and may result in an underestimate of risk at low levels of exposure.
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CENTRALES NUCLEAIRES ET FREVENTION SANITAIRE
M. Delpla
E.D.F. 1, Avenue du Général de Gaulle 92141 Clamart

1. INTRODUCTION

Pire a supporter que sa mort, c'est, peut-&tre, la vie d'un enfant en rémission
de leucémie : condamné ; c'est peut-8tre, aussi, qu'il soit grossiérement dif-
férent des aiires : "handicapé". Selon une information largement diffusée, ces
pires maux, et bien d'autres, pourraient 8tre causés par les centrales nucléaires
dans leur environnement. Qu'une telle information ait un impact terrifiant ne
saurait surprendre. En raison de la gravité de tels effets, des hygiénistes ont
voulu prévoir quels pourraient 8tre — dans les pires hypothéses — les dommages
sanitaires provoqués par de faibles doses sur une population nombreuse. Se vou-
lant prudents, ils ont admis, pour chaque effet déiétere, que le risque serait pro-
portionnel & la dose cumulée ; il en résulte que le dommage serait proportionnel
a la dose-population. Un tel dommage,inquiétant, n'a rien de réel. Nous allons
le voir sur quelques exemples, limités, faute de place, a la leucémie et aux
cancers thyroldiens.

2. RESULTATS DE CALCULS PREVISIONNELS

Dans | 'exposé des résultats de | 'enquéte de I'A.E.C. (1971-1973) dans | 'envi-
ronnement de centrales nucléaires et chez les constructeurs, les auteurs donnent
des coefficients de conversion d'une dose collective en dommages prévisibies
pour la pogulation américaine ; soit 26 pour la leucémie, 110 pour le cancer
thyroidien, et 75 pour les autres cancers, par million de personnes-rems.

Considérons une population de 200 millions de personnes, dont 1% travaillent
habituellement avec des sources de rayonnements ionisants, et dont 10 % peuvent
8tre considérées comme incluses dans le "groupe critique" d'une installation
industrielle nucléaire ; si ces personnes sont exposées depuis trés longtemps
aux limites de dose des normes de la CIRP (1966), les coefficients précédents
permettent de calculer le dommage prévisionnel pour ce qui concerne le cancer ;

les résultats figurent dans le tableau |, ils donnent les nombres de cancers
qui seraient ajoutés annuellement. De tels nombres inquiétent.
TABLEAU |

Dommage prévisionnel pour |'irradiation au maximum des normes

b4 H rd . A t
Catégorie (r 3@7&) Leucémie th?,,a,;\%?g dahcers
Travailleurs 5 170 650 820
Gr. critiques 0,5 260 1100 750
Ensemble 5/30 870 3 600 2 500
population
3. OBSERVATIONS RELATIVES A LA LEUCEMIE

Deux publications sont fondamentales : celle de Court-Brown et Doll (1957)
sur un groupe de rhumatisants aprés radiothérapie du rachis, et celle de Jablon
et Kato (1971) qui rapporte les observations faites de 1950 & 1970 sur les sur-
vivants d'Hiroshima et de Nagasaki (nous ne retiendrons que le groupe de Naga-
saki parce qu'il a regu relativement peu de neutrons). Pour comparer les
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résultats de ces travaux différents nous avons, pour chaque classe de personnes,
évalué la dose moyenne dans |'ensemble de la moelle osseuse (les cing douzié-
mes de la dose rachidienne des rhumatisants ; les deux tiers de la dose dans
I'air, & Nagasaki). Nous n'avons retenu que les classes oll cette dose ne
dépasse pas 150 rems.Les observations cliniques conduisent a des résultats sem-
blables (risque "ajouté" négatif & 50 rems) et s'éloignent sensiblement de | 'hy~
pothése linéaire proposée par Court-Brown et Doll (1957) eux-mémes,comme
hypothése de travail .
TABLEAU || x
Risque annuel de mort par leucémie ajouté par |'irradiation :
valeurs déduites, soit des observations, soit de | 'hypothése linéaire

Dose moelle (rems)
radiothérapie .....ccee.. 50
Nagasaki p ..... 3 15 50 100 150
Risque ajouté (/106 personnes-ans)
radiothérapie «..veeeeen.. - 50 + 80
Nagasaki eovivncnennnannd O -20 | -50 + 80
hypothése linéaire * X +15 [+50 | +100| +150
+225I + 75 + 150l + 225

x Pour chaque classe, différence entre la valeur observée et le risque
spontané, trouvé égal & 50/108 personnes-ans pour chacun des groupes 4

x x Suivant que le risque serait de 1 ou 1,\5/‘106 personnes-ans?rems.

4, TUMEURS THYROIDIENNES APRES IRRADIATION DANS L'ENFANCE

Selon un rapport de | 'Académie des sciences américaine (1971), le risque de
cancer thyroldien serait augmenté de 1,6 a 9,3 par million de personnes-ans-

rems ; mais de telles valeurs reposent sur |'observation de personnes qui avaient
toutes été des enfants maladifs. Or on peut trouver aussi des personnes dont le
corps thyroide a été irradié dans | 'enfance comme par hasard ; elles paraissent
mieux susceptibles que les autres de représenter la population générale. Nous rap-
porterons quatre exermples. Conti et coll. (1960) n'ont trouvé aucun cancer thy-
roidien sur 1 564 personnes df'une vingtaine d'années ; elles avaient regu — pré-
ventivement, systématiquement — 150 rems sur le thymus peu aprés leur nais-
sance. La derniére publication de Conard sur les insulaires contaminés acciden~
tellement dans le Pacifique date de 1975. Pour ceux qui n'avaient pas 10 ans en
1954, Conard a relevé : a Rongelap, 17 lésions thyroidiennes sur 19 personnes

a Utirik, sur 53 personnes, aucune lésion, m&me pas de tumeur bénigne. A
Rongelap, pour que leur contamination a un an ait provoqué | 'atrophie de leur
corps thyrolde, deux enfonts avaient sans doute regu dans cet organe des dizaines
de milliers de rems ; sur cet flot, tous ont regu des doses considérables. A

Utirik, au contraire, eites auraient atteint seulement une cinquantaine de rems.
Rallison et coll. (1974), ont examiné systématiquement 1 378 enfants &gés

d'une quinzaine d'années ; ils avaient, durant des années, consommé du lait
contaminé par |les retombées des explosions nucléaires expérimentales duNevada,
et, de ce fait, dl cumuler une centaine de rems dans leur corps thyrolde ; avec

18 tumeurs Lénignes, ce groupe ne présentait aucune différence avec deux groupes
témoins (on a trouvé un cancer dans chacun de ceux-ci, et aucun dans | 'autre).
Modan et coll, (1974) ont trouvé douze cancers thyroidiens sur 10 902 enfants
immigrants dont la teigne, a leur arrivée en Israél, avant 1960, avait fait |'objetde



radiothérapie ; le risque correspondant, de 1 100 par million de personnes,
excede de facon statistiquement significative la valeur de 200 trouvée dans cha-
cun des deux groupes témoins. Selon des mesures sur fantdme, le corps thy-
roide n'aurait cependant regu que 6,5 rems. Pour interpréter leur observation,
les auteurs proposent trois explications : |'extr@me sensibilité du corps thy-
roide de !'enfant a | 'irradiation (généralement admise,une telle sensibilité

ne se retrouve dans aucune des trois observations précédentes) ; |‘augmentation
du risque de cancérisatian de cette glande par 1'irradiation concomitante de

I *hypophyse ; la négligence, durant la radiothérapie (précisons en effet qu'en
cas de collimation insuffisante du faisceau de rayons X sur les champs laté-
raux, ou de son mauvais centrage, le corps thyroide a pu recevoir de I'ordre

de 3 000 rems, et m&me bien davantage, au cours du traitement ; notons aussi
que certains enfants, dont la proportion n'est pas précisée, ont subi ce traite-
ment deux fois, et m&me trois, pour récidive).

5. DISCUSSION

L'hypothése d'une relation de proportionnalité entre le risque et la dose est gé-
néralement admise, et considérée comme prudente. Cr son application prévi -
sionnelle a des populations nombreuses de personnes supposées irradiées durant
longtemps a des doses aussi faibles que les limites des normes de la CIRP
inquiéte, non seulement pour ce qui concerne les effets somatiques (voir ci-~
dessus, §2), mais aussi en matiére d'effets génétiques. Au contraire, pour

des doses qui ne sont, ni trés faibles, ni trés élevées, des observations
cliniques et des expérimentations ont montré, du moins pour certains dommages,
des risques ajoutés négatifs. A partir de tels risques les calculs feraient prévoir
un aliégement de la charge sanitaire. Pour comprendre cette contradiction, nous
opposerons deux interprétations des modes d'action des rayonnements ionisants,
| 'une statique, |'autre, dynamique. Selon la premiére, bien traduite par la
théorie des cibles, | 'hypothése de proportionnalité du risque a la dose, lorsque
celle-ci est faible, devient une vérité mathématique. Elle a été confirmée par

1 'interprétation statistique de dommages obtenus expérimentalement par |'ir-
radiation de moi‘écules, ou de cellules,jusqu'a des valeurs trés faibles de la
dose. Pour les organismes complexes, elle concorde avec | 'interprétation sto-
chastique de risques d'effets somatiques tardifs, ou d'effets génétiques a la

F 1, mais seulement aprés des doses élevées (des centaines de rems en peu

de temps) . Considérons maintenant un tissu qui contient des cellules souches
(c'est & dire un tissu vulnérable) et qui vient de recevoir en un temps trés

court une dose de rayonnements ionisants qui n'est, ni trés faible,ni trés élevée
8isons quelques rems, ou quelques dizaines de rems); dans une premiére phase
ses cellules restaurent leurs Iésions moléculaires, ou meurent ; par la suite, la
fréquence des mitoses augmente afin de pourvoir au remplacement des cellules
mortes, ou demeurées par trop défectueuses.Entités dynamiques susceptibles de
réagir dans chacune de leurs parties, ou en bloc, |'8tre vivant, ses cellules, son
espéce, constituent des ensembles coordonnés et génétiquement asservis a la
conservation de cette derniére. Chacune a son niveau, suivant ses possibilités ,
restaure sans cesse les atteintes provoquées par des agents issus du milieu dans
lequel elle vit et qui lui est indispensable. Toute cause d'agression ajoutée dans
le milieu en particulier des sources de rayonnements ionisants) en augmentant
les besoins, stimule les processus de restauration ; on peut penser que, du moins
dans certaines conditions, la stimulation dépassant les besoins créés par |'agres-
sion ajoutée, contribue a améliorer la restauration d'autres 1ésions, voire méme
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a stimuler d'autres processus biologiques. D'ol la possibilité d'addition de
risques négatifs.De tels phénomeénes, inconcevables dans une interprétation
statique des effets d'une irradiation, demeurent généralement inapergus des
chercheurs ; dans le cas contraire, ils les qualifient de "paradoxaux".

Nous avons rencontré des risques négatifs de leucémie (§ 3) ou de tumeurs thy-
roidiennes(§ 4) sur des observations cliniques ; sans doute parce que les effec-
tifs étaient insuffisants, ils ne différent pas de zéro de fagon statistiquement
significative. Des expérimentateurs en ont bien mis en évidence, de fagon sta-
tistiquement significative ; nous rapporterons les résultats de deux travaux qui
portent, |'un sur la cancérogénése, |'autre sur la génétique, parce qu'ils ont
aussi le grand mérite de permettre de montrer la dualité des risques ajoutés
par la stimulation due & [ 'irradiation (il en est sans doute de m&me pour toute
autre cause de stimulation) .Mewissen et Rust (1976), sur tous les lots de
souris qui avaient recu de 18 a 141 rems, ont trouvé que si le risque est négatif
pour le lymphosarcome, il est positif pour le réticulosarcome. Newcombe et
McGregor (1975), en fécondant des ceufs de truite par du sperme qui, préala~
biement, avait regu 50 rems, ont trauvé que si le risque est négatif pour la
diminution de fertilité du sperme et pour la mortalité embryonnaire, il est posi-
tif pour les malformations de la téte et des yeux.
6. CONCLUSION
L 'interprétation statique du mode d'action des rayonnements ionisants a rendu
bien des services aux chercheurs, notamment avec sa théorie des cibles.
Cependant, |'hypotrése de proportionalité du risque & la dose, qui en découle
lorsque celle-ci est faible, risquerait, en particulier par des calculs prévision-
nels,en accentuant encore le malaise nucléaire, de paralyser la recherche en
radiobiologie, de contrarier les progrés de la radiologie, et de désorienter la
radioprotection. Pour ce qui concerne cette derniére, rappelons, par exemple,
que rien ne permet de penser qu'une dose de 3 rems sur 3 mois consécutifs
puisse nuire a la santé de quiconque : elle paraft bien 8tre prudemment
"admissible" pour tous. -
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THE RADIOLOGICAL QUALITY OF THE ENVIRONMENT IN THE UNITED STATES

Kurt L. Feldmann
Office of Radiation Programs
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1. INTRODUCTION

The Office of Radiation Programs (ORP) of the U.S. Environmental Protection
Agency has the responsibility for monitoring and assessing the impact on
public health and the environment of radiation from all sources in the
United States, both ionizing and nonionizing. Therefore, ORP has initiated
an annual program for radiological dose assessment to determine individual
and population doses nationwide. This assessment will be published each
year in the report Radiological Quality of the Environment (1). This
information will provide direction for federal radiation protection activ-
ities by the analysis of radiation trends, identification of radiation
problems, and support for establishing radiation guidance.

2. DATA ACQUISITION

The most efficient way for EPA to assemble the broad data base required to
assess the radiation dose to the United States population is to fully use
available data reported by other Federal agencies, States and nuclear facil-
jties. Dose data were compiled in the following radiation source cate-
gories: ambient environmental radiation, technologically enhanced natural
radiation, fallout, uranium fuel cycle, federal facilities, medical, occu-
pational and industrial radiation, nonionizing radiation, and other
miscellaneous sources. These data were reviewed for adequacy and gaps were
found which indicate areas of concern for future dose assessments. At the
same time, areas were defined for which additional data collection is not
warranted with respect to the small dose contribution from that source.

A special effort was made to acquire real data supported by direct measure-
ments. Where these data were not available, however, estimated doses
involving numerous assumptions were used. An attempt was made to compile
the latest data that could be found for each source, therefore the data
discussed in this paper represents the time period from the late 1960's

to 1975. A1l data extracted from the literature were assumed to be valid
and no attempt at confirmation of the data was made. The data and its
origins were discussed in great detail in the 1976 report (1).

3. DISCUSSION OF RESULTS?

The individual and population dose data resulting from the various cate-
gories of radiation sources are summarized in Table 1. The information in
this table was divided according to whether the primary mode of exposure
was external or internal. Exposure to direct radiation from radionuclides
in the ground, water, buildings, and air around us, or from radiation-
producing machines, such as x-ray equipment and nuclear accelerators is
considered external exposure. Exposures of this type usually result in

a radiation dose to the whole body of the person exposed. In contrast,
internal exposures occur when radioactive materials are inhaled, ingested,
or occasionally absorbed through the skin. Internal exposures often result
in a radiation dose to particular organs of the body, such as the lung,
gastrointestinal tract, or bones.
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Table 1 Summary of dose data from all Sources

External Internal
Source Individual Population Tndividual Population
dose dose dose dose
(mrem/y) (pergon-rem/y) (mrem/y) (person-rem/y)

Ambient fonizing radiatiom - 9.7x106 - -
Cosmic radiation 40.9-45 9.7x108 - -
Ionizing component 28-35.3 9_2x108 - -
Neutron component 0.33-6.8 4,9x105 - -

Worldwide radioactivity 3

Tricium - - 0.04 9.2x10
Carbon~14 - - 1.0 -
Krypton-85 4x10™4 80 - -
Terrestrial radiation 30-95 - 18-25 -
Potasaium=-40 17 - 16—19_3 -
Tritium - - 4x10 -
Carbon-14 - - 1.0 -
Rubidium-87 - - 0.6 -
Uranium—-238 series 13 - 2-3 -
Thorium=-232 seriea 25 - 2-7 -

Technologically enhanced natural radiation - - - 2.73);].06

Ore mining and milling
Uranium mill tailings
Phosphate mining and processing
Thorium mining and milling
Radon in potable water supplies
Radon in natural gas
Radon in liquified petroleum gas
Radon in mines
Radon daughter exposure in natural caves
Radon and geothermal energy production
Radioactivity in construction material

Fallout

Uranium fuel cycle
Mining and milling
Fuel enrichment
Fuel fabrication
Power reactors BWR

PWR

Research reactors
Transportation - Nuclear power industry
Radioisotopes

Reprocessing and spent fuel storage
Radioactive waste disposal

Federal Facilities
ERDA facilities
Department of Defense

Accelerators
Radiopharmaceuticals-production and disposal
Medical radiation

X radiation

Radiopharmaceuticals
Occupational and industrial radiation

BWR

PWR
All occupations

Cousumer products
v

Timepleces

- - 3140-14000  P2.5-70000

- - <54 2.73x106

- - 0.9-4.0 30000
dy 2 - - -

- 2014 - -

- - €4.5x1072 2.5

fo.17 14 864.8-8.0 h14

- - 12x10-3 i3
354 max k1552 - -

<1 max ~ “155 - -

~ o - -

- 100 - -
or t<70 - -

5.8 23 - -

- L . nAB0 - -

J13-320 *8x10-7 o 196 - -
< 0.01 - - -
Jo.04-4 0.42-65 - -

0.2 0.083 - -
P20 - - -

- - - 93.3x106
T1230 - - -
F1080 - - -
50.80 - - : -

- ~6100 - -
£0.025-0.043 - - -
- ~6100 - -

Nonfonizing electromagnetic radiation
Broadcast towers and airport radars
All sources

Individual exposure
W/ca?

10
0.1-1

a Lung dose
b Lung-rea/y
¢ Trachea-bronchial dose
d 50 y dose commitment divided by 50
e Aversge individual lung dose within 80 km
f Maximum potential exposure
g Maximm potential exposure to lung
Cumulative exposure within 40 mile radius
1 Average individual lung dose within 80 km
i Pence line boundary dose
Within a radius of 80 km

Estimated for the year 1973
For Nuclear Fuel Services
Based upon data from 5 institutions
Millirad/y (genetically significant dose)
Estimated 1980 dose
Average occupational exposure per year
Average exp e for all ions and
3,7 radiation workers/1000 persons in United States
5 cm from TV set; wmits of mR/h
- = No dose data available
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It is evident from this table that there are radiation sources for which
data are either incomplete or not available. Also, it is worthwhile noting
that although population doses from the different source categories, in
general, can be added together to gain a perspective of overall impact, it
does not necessarily follow that individual doses can be added together
because an individual in one population group generally does not receive
the radiation dose common to another population group. For this reason,
totals are shown in table 1 only for population doses in the various source
categories.

3.1. Population Dose

It is apparent from this table that the external population dose from
ambient ionizing radiation greatly exceeds the external dose from each of
the other categories of radiation sources. This is especially true when
one considers that the indicated population dose of approximately 10
million person-rem per year is due almost entirely to cosmic radiation and
does not include the population dose attributable to terrestrial radiation.
It is estimated from the external individual dose column that the terres-
trial radiation dose may be approximately equal to or greater than the
population dose due to cosmic radiation.

Internal sources of significant population dose for which we have data are
from (1) the use of radiopharmaceuticals for medical radiation purposes,
which is estimated to contribute approximately 3 million person-rem per
year to the population dose, and (2) technologically enhanced natural radi-
ation which also contributes approximately 3 million person-rem per year

to the population dose. Finally, it is of interest to note that all the
doses from all the other source categories for which data are available are
less than 0.1 percent of the total population dose.

It is important to note that the population dose values mentioned here are
based upon the data available to us at this time. It is quite possible
that these values and thus, the relative contributions of population dose
from the source categories considered, could change in the future as more
information on this subject becomes available.

3.2 Individual Dose

The largest internal or external dose received by an individual was found
to be an internal dose derived from technologically enhanced natural radi-
ation. Inhalation of radon daughter products from uranium mill tailings
resulted in a dose of 140 to 14,000 mrem per year to the tracheobronchial
surface tissue of the lung. The second largest individual dose is received
by individuals through their occupations. Approximately 1200 millirem of
whole body dose per year is normally received by maintenance personnel
working around a boiling water nuclear power reactor. Maintenance
personnel working around a pressurized water reactor received the next
largest individual dose. The fourth largest individual dose, approximately
320 millirem per year, would be received by an individual at the boundary
of a federal facility. The next largest dose, about 120 millirem per year,
is an average value due to ambient ionizing radiation. The individual
doses from all other sources were less than half the dose due to ambient
ionizing radiation. As has been mentioned earlier, the relative contri-
butions from each of the source categories are subject to revision as may
be required by new data.
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4, CONCLUSIONS

On the basis of the population dose data acquired for this report, the
three major sources of radiation dose to the United States population are
cosmic radiation, the application of radiopharmaceuticals in medicine, and
the exposure to radon and radon daughters from the burning of natural gas.
The reason for these relatively high population dose values is die to the
large populations that are exposed to these sources.

On an individual basis, the sources of greatest dose are from the exposure
to technologically enhanced natural radiation, the occupational exposure
to boiling water and pressurized water nuclear power reactor maintenance
personnel and the dose an individual would receive at the boundary of a
federal facility. The factor that keeps the population dose low in the
Occupational and Industrial Operations category and the Federal Facilities
category is the relatively small number of people exposed to the sources
in these categories. The source responsible for high individual doses

in the category of Technologically Enhanced Natural Radiation is uranium
mill tailings that had been used in the construction of residences. It

is guite conceivable that, if data from other sources in this category
were available, additional high individual doses would be observed.

There are many gaps. in the dose data in the table. For example, it is
generally accepted that the use of x rays in medicine contributes to a
large and significant population dose. However, the magnitude of this
population dose has still not been determined. For this reason, the
resulting observations and comments are necessarily restricted to a 1imited
data base. This indicates a need to greatly improve the data base for
future dose assessments.

5. FUTURE EFFORTS

The radiological quality of the environment will be determined on an
annual basis. Future reports will update this effort and place more
emphasis on treatment or analysis of available data and trend evaluations.
An analysis of environmental concentrations of radionuclides may also be
considered in subsequent reports in addition to dose information.
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PROGRESS IN BASIC PRINCIPLES OF LIMITATION
IN RADIATION PROTECTION -

P.V.Ramzaev, S.I.Tarasov, M.N.Troitskéya, A.P.Ermolaeva
Institute of Radiation Hygiene, Leningrad, USSR

Summary

For the purposes of dose limitation a new quantity of health
is dj;iroposed for a sum total of weighbted socially signifiecant
indices.

The objective of any limitation system in application to
potentially harmful factors including ionizing radiation
should be to avoid their detrimental effects completely and, if
possible, to achieve meximum public snd individual benefit.

The present systems of limitation basically differs in choice

of methods and in completeness of herm and benefit measurements.

The necessity of such measurements in any activity arises for

estimation:

a) of benefit (X) from the activity;

b) of harm from the limitation as a result of detrimental re-
sidual effect of the chosen limit (Y4) and of harm from
the protection measures providing the limit (Y2);

o) of difference (Z4) between benefit (X) end herm (¥4 + Yp)
from the activity at the chosen limit in comfari.son witﬁ
similar differences from other alternatives (Zp, 2.3 eeede

Then may arise the necessity of comparison between benefit

from the achieved purpose (if it is not ultimabe) and the one

from other p ses. Relation of the above terms, two of which

(Y§P+ Y,) are functions of the chosen limit,is reiterated in

{.7?. publications and may be expressed by a formula of limita-
ons

x-<x1+12)> 22’3 4.-. (1)
The simplest limltation system that is based on threshold
principle and widely used to chemical agents proceeds from a re-
quirement Y4 = O ignoring all other terms of equation 1. The
limitation sgstem known by its principle of “"acceptable risk"

is based on assumption Y4 = A, whers "A" is some value of pro-
bable harm, e.g. in form of death-rate.from carcinogenesis com-
parable with death-rate in other activities.

As appeers from equation 1 both systems do not meet the requi-
rements of the ultimate aim of limitation because the benefit
and harm of the limits end systems themselves are not determined.

The main diffioculties of both systems as well as of ideal so-—
lubion of equation 1 lies in nearly infinite variety of incom-
parable quantities now used for harm and benefit measurements.
The relation between dose and effect is expressed in a single
quantity for dose and in the endless number of tests for effect.
There is not a general quantity for effect which could be accep—
table to measurement of deleterious and beneficial effects equal-
1y. There are more thamn 1,000 various biochemical tests in form
of concentrations of ferments and other substances in different
tissues. The number of tests for cells, organs and their sys-
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tems inoreases. Moreover one can not estimate their gquantita-

tive importance for the socially significant values., To our

mind a step to the solution of the above eternal problem must be
made by classification of all blologlical tests on the base of
their social significance end accessibility to estimation by
every sensible person, who is the only owner of his life. As ul-
timate general index of both harm and benefit there may be the
main value for society and individual, which is quantity of
health (QH). .

All biological tests should be divided into three categories:

I) socially significant and intelligible for every man of

sober mind indices as obligatory signs of health;

II) medical tests which have significance and links with the
first indices and are determined as & result of special
medical examinsations;

III) "pure" biologicel tests, importance of which foxr assessment
of QH is often not kmown even to the physicliens themselves.

From vime immemoxial all nations relate to socially signifi-
cant indices of healtb the following four only: life—time (Lt),
integral of mental and physical capacity for work during life-
time (W), integral of feelings (F) and reproduction of descen—
dents (D). One cen hardly end this list because all other
biological and medical tests from categories II and III are
under abselute control of the first one for purposes of limita-
tion. Ror example, any diagnosed disease is considered &s such
if it decreases one or more indices in category I. We do not
know illnesses whioch do not meet the rule. Furthermore, the use
of some tests (morbidity test)without control the first cate-
gory may even desorient limitation system and lead to doubtful
conclusions. In witness we give an example of unreliable use of
cancerogenesis in the system of dose limitation. In 4 groups
six generations 38 white %grel mice (male and female) were fed
with mixture of “YSpr and 8 during ell their life. G}{g)}p I
consumed 1.5 X 10~12 ¢i of Ysr end 250.0 X 10~12 Ci of 17Cs
daily ggr'mouse that delivered the absorbed doses of 0.5 rad for
whole body and about 0.8 rad for endosteal cells per year. The
groups II-III-IY consumed the mixture 10-100-1,000 times more.
Group "O" was control. That represents a model of intake for a
known arctic food chain. As appears from Table I the animals,
which had osteosarcomas (88% of all carcinomas) in all groups,
had for certain statistically and considerably (by 40%) longex
life-time as well.

As stated above we suggest a quantity of health (QH) in the
capacity of the united index for measurement of benefit and harm,
representing a sum totel of indices from category I weighted
with each other. One of the conceivable version of such summing
and weighing is given in a formula of health )expressed in years
of a full life):

-QH-O.7(L1:+W+F+D), (2
?

B

LY, W, F and D are expressed in percentage, considering that
100% correspond to 70 years of life-time, to integral of average
capacity for work or of feelings for an untouched group, proba~
bllity (oxr fact) of giving birth to 2 healthy children. For li-
ving organism the estimations will have a prognostic nature or

must be expressed relatively to the average estimations of un-
touched group.
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The difficulties in determination of QH are comparable with
its importance. All its characteristics need very careful weigh-
ing. Some of them can be measured through the tests of catego-
Iy II. When relations between .dose and other "fruits" of activi-
ty on the one hand and the quantity of health on the other hand
are obteined, one can solve the equation of dose limitation. In-
that casge oniy it will be possible to turn & maximum permissible
level of harmful agent into & level, which will guarantee maxi-—
mun achievable health without use of its money equivalent.

Table 1. Life~time of mice in six generations
) with and without osteosaxrcomes

1

Group,j All mice in expem‘.meﬂ Mice with osteosarcomas
e Amount, ' Life~time,  Amount, = Life—time,
~ DPleces days ! pieces days
| i ‘
o 45 eata1s | 2 577 £
I 6% 33 iy | 23 40 ® 37
I 592 ety | 18 5an L 34
III \ 529 | 370 £ 22 | .74 - 498t 26
1Y | 570 } 353 £ 2 * 23 | s517%25

1
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*
CRITERIA FOR RISK ACCEPTANCE: A HEALTH PHYSICIST'S VIEW

A. P. Hull
Safety & Environmental Protection Division
Brookhaven National Laboratory
Upton, New York U.S.A. 11973

1. INTRODUCTION

A controversy over the safety of nuclear energy has grown in the United
States since about 1970 and has now spread to near worldwide proportions.
This controversy has been fueled by a variety of issues. Initially in the
U.S. the most prominent issue concerned the degree of hazard of low level
radiation, in particular that associated with the nuclear fuel cycle. Since
then attention has shifted successively to the reliability of emergency core
cooling systems, the longevity of nuclear wastes, the possible misuse of
radioactivity by terrorists and the potential for diversion of nuclear power
produced plutonium to weapons fabrication. Underlying each of these issues
has been the implication that the employment of nuclear power will entail

an unacceptable risk to the public.

Seemingly, the public interest would be served by an agreement upon some
very elementary yardsticks for risk acceptance. In common with others
engagad in occupational and public health protection activities, health
physicists must apply some operational criteria for the acceptability of
risk. Their essence are contained in the statement of the objectives and
purposes of the Health Physics Society. They are suggested as a useful
model for a general approach.

2. CRITERIA FOR RISK ACCEPTANCE

The stated primary objective of the Health Physics Society is '"the develop-
ment of scientific knowledge and practical means for the protection of man
and his environment from the harmful effects of radiation, while encouraging
its optimum utilization for the benefit of mankind" (1). This statement
embodies or implies some very common sense criteria for risk acceptance.

1) All human activities, including the utilization of radiation, entail some
risk. 2) The development of "knowledge and means' facilitates the minimiza-
tion of risk. 3) The acceptance of risk should be evaluated in the context
of offsetting benefits. It follows that no risk should be accepted for
which there is not an apparent benefit. 4) An agent or activity that
entails some risk should be utilized so that it offers an optimum benefit.
It follows that it should not be utilized if a lower risk agent or activity
offering the same benefit is available.

Given that each of us has an individual set of preferences and values, and
that none of us has a right to force our set on another, the ICRP's phil-
osophy of keeping risks from radiation less than or equal to risks "regularly
accepted in everyday life" (2), seems the only available objective basis for
societal judgements about risk acceptance. Any other approach risks ideolog-
ical strife, as documented by the quasi religious overtone of much of the
current argument about the acceptability of nuclear power (3). Thus a
pragmatic secular approach to risk acceptance involves three simple ques-
tions: 1) What are the benefits? 2) What are the risks? How do the risks
compare with those of alternatives? With regard to nuclear power, the

*
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benefits (electricity) are the same, regardless of fuel. So the principal
remaining issue is the comparative risks of the alternative cycles.

3. RISK COMPARISONS

For a large scale employment of nuclear power by the year 2000, an associ-
ated average individual dose to the U.S. population of 0.0005 rem/yr has
been projected by the Environmental Protection Agency (EPA)(4). This is
compared to other significant radiation sources in Table 1. It is evident
that the '"other environment' dose, principally from the nuclear fuel cycle,
is expected to remain small compared to natural and medical radiatioms,

and to be comparable to that from such miscellaneous sources as color tele-
vision, luminous time pieces and air transportation (the benefits of which
seem somewhat less than having an assured supply of electricity).

Year
Radiation source 1960 1970 1980 1990 2000

(mrem/yr)

Environmental

Natural 130 130 130 130 130

Fallout 5.5 4.0 4.6 4.7 5.0

Other* 0.08 0.06 0.09 0.22 0.47

Subtotal 135.6 134.1  134.7 134.9 135.5
Medical

Diagnostic 72.3 72.3 72.3 72.3 72.3

Pharmaceuticals 0.3 2.0 13.9 14.2 15.6

Subtotals 72.6 74.3 86.2 86.5 87.9
Occupational 0.8 0.8 0.8 0.9 0.9
Miscellaneous 1.9 2.7 2.2 1.2 1.1
Total 211 212 224 224 225

TABLE 1  Average Annual Radia;ion Doses in the United
States—-1960 to 2000

*
Principally the nuclear fuel cycle.
**Adapted from A. W. Klement, et al. (4&4).

If not satisfied at this point that nuclear power is acceptable, one may
ask, "How do its risks compare with those posed by the alternatives?"

From the dose-effect estimates made by the National Academy of Sciences-
National Research Council Committee on the Biological Effects of Ionizing
Radiation (BEIR)(5), an "éxtra" risk of fatal cancer of about 1/10,000,000
may be calculated for an individual exposed to 0.0005 rem/yr (from

nuclear power in the year 2000). The U.S. Nuclear Regulatory Commission's
(NRC) Reactor Safety Study (6) leads to a "most probable" risk (for low dose
rate radiation ) of 2/100,000,000, with a lower bound which does not exclude
zero. The integrated risk of immediate fatal effect to the average
individual in the U.S. from nuclear malfunctions, as given by the Reactor
Safety Study, is for the 100 postulated reactors, only about 5/1,000,000,000
per yr, so that it adds little to the above estimate.

The attention currently being devoted to risk reduction in the NRC Appendix I
regulations and EPA nuclear fuel cycle standard, seems out of proportion to
its contribution to the overall current or prospective exposure to the public.
Terrill has estimated that monies spent on improved x-ray equipment would
accomplish from 1000 to 6000 times as much exposure reduction as the same
amount spent on reactor waste treatment systems (7). Something needs re-
examination when the driving forces in the debate about the merits of nuclear
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energy produce such a misallocation of resources to the reduction of already
trivial risks.

Several estimates of the health risks of the fossil fuel cycles have
appeared recently in the literature (8-10). From them it appears that the
associated average risk of premature fatal effect to individuals in the
U.S. public is in the order of 2/100,000/yr, or about 200 times the "upper
limit" nuclear risk. Additionally, there is epidemiological evidence in
which cancer rates are positively correlated with urbanization and more
pertinent to this consideration, with air pollution, much of which is
associated with fossil power ‘effluents (11,12). There appears to be a
negative correlation with background radiation levels (13,14). From these
indications the utilization of nuclear power would provide a net benefit to
public health, and thus be not only "acceptable" but "desirable."

4, CONCLUSION

While the currently available information is insufficient to establish
numerical risk estimates for nuclear wastes, terrorism or diversion, the
probable consequences do not appear as severe as suggested by some
critics (15-18). Finally, in deciding on the acceptability of risk from
nuclear power, one may ask "How do the national resources currently being
allocated to still further reducing the 1/10,000,000 or so yearly hypo-
thetical prospective risk from nuclear power compare with those resources
being devoted to the overall prevention of premature death?" Some common
risks are shown in Table 2.

Cause Aﬁ?gﬁl Cause Agggﬁl
All causes 8.96x10-3 Influenza 2.70x10-%
Diseases of heart 3.39x10~3  Diabetes 1.68x10-4
Malignant neoplasms 1.74x10~3  Cirrhosis of liver 1.51x107
Cerebrovascular disease 9.18x10~ Arteriosclerosis 1.37x10~%
Accident (total) 4.81x1074 Mortality in early infancy 1.28x10~%
Motor vehicle 2.09x10~4 Suicide 1.26x10-4
Falls 7.20%10-5  Bronchitis 1.19x10™%
Drowning 3.80x10-3 Homicide 1.02x10~%
Fire 3.00x10-5  Congenital abmormalities 6.70x10™>
Poisoning (solids and Nephritis and nephrosis 3.90x10-53
1liquids) 1.90x10™°  Peptic ulcer 3.20x107°
Suffocation 1.50x10-3
Firearms 2.50x10-3
Poisoning (gases) 1.60x10-5
Natural phenomenon 3.10x10-6
Electrocution 2.50x10-6

TABLE 2 Annual Death Risk from Leading Causes, United States*

*
From Monthly Vital Statistics Report, Annual Summary for the United States,
1975, (HRA)-76-1120 24: 13 (6/30/76) except estimates of subcategory of
accident from U.S. National Safety Council, Accidents Facts, 1976 edition.

It seems obvious that we cannot solve every health problem simultaneously
both for lack of sufficient monies and sufficient knowledge. The determina-
tion of the priorities for their address and the determination of acceptable
risk from each seems a matter of public policy. In terms of its relative
risk, nuclear power appears to be more than "acceptable."

Beyond making these kind of comparisons, it may be suggested that the public
would benefit from some kind of consensus about negligible nonzero levels
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of probable risk which would be deemed generally acceptable. A reasonable
perspective in this regard, suggested by Starr (19) is a yearly risk of

1 x 10-6, the level of natural hazards (such as earthquakes, floods, hurri-
canes, and tornados). A similar "cut off,” with regard to major accidents
and their consequences has recently been advocated by Farmer (20) on the
basis of existing social decisions (i.e. flood defenses) and the lack of
experience to justify a lower level. Following a satisfactory demonstratio
of its achievement, hopefully the nuclear argument could be terminated.
Society could then move on to the real issues affecting energy, population
and quality of life.
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UN EXEMPLE DE SURVEILLANCE EN MILIEU DE TRAVAIL:

LA DOSIMETRIE INDIVIDUELLE PAR LE SERVICE CENTRAL
DE PROTECTION CONTRE LES RAYONNEMENTS IONISANTS

par J.P. MORONI, A. BIAU et P. PELLERIN
Service Central de Protection contre les Rayonnements Ionisants
B.P. 35 - 78110 LE VESINET

}. INTRODUCTION

La dosimétrie individuelle des travailleurs a permis d'atteindre les deux
objectifs suivants:

- mesurer le risque local pour le maintenir au dessous des limites
réglementaires,

- vérifier que les dispositions prises aboutissent effectivement i une
réduction des doses et, par 1'étude statistique, améliorer constamment
la prévention des risques correspondants.

Il serait difficile & l'heure actuelle de trouver, pour les autres nuisances
industrielles, un systéme de surveillance techniquement et administrativement
aussi efficace.

La dosimétrie individuelle s'applique aussi bien & un cabinet médical qu'a une
centrale Electronucléaire. C'est certainement dans les grands centres nuclé—
aires que les consignes de radioprotection sont les plus élaborées et les mieux
respectées. A l'opposé, dans le secteur médical, l'industrie non nucléaire et
la recherche, la situation est trés variable, allant de l'organisation trés
correcte de la radioprotection, & 1'absence totale et méme au refus de la
radioprotection.

2. REGLEMENTATION

La réglementation frangaise repose sur la base des recommandations des organis-
mes internationaux de radioprotection.

Le n® 12 de la CIPR concerne '"Principes généraux de surveillance en radiopro-
tection des travailleurs'" [1]. De son cOté, la Commission des Communautés
Européennes a publié récemment des "Recommandations techniqges pour la surveil-
lance de l'exposition des individus & l'irradiation externe [2]. En France, le
décret du 15 mars 1967 et ses arrétés d'application [3,4] d'une part, le décret
du 28 avril 1975 pour ce qui concerne les travailleurs des centres nucléaires
d'autre part [5] précisent les obligations des employeurs et les modalités
d'application de la dosimétrie.

Ces textes confient au Service Central de Protection contre les Rayonnements
Ionisants (SCPRI) un rdle d'élaboration et de normalisation des méthodes, tout
laboratoire effectuant des mesures de dosimétrie devant se préter "3 toutes
opérations d'intercomparaison que le SCPRI jugera utiles". De plus, le SCPRI
est destinataire de l'ensemble des résultats 'en vue de permettre les intégra-
tions de dose indispensables". Ainsi, si le SCPRI distribue et traite actuel-
lement dans ses propres laboratoires 55 000 dosimétres mensuels représentant
environ 45 000 personnes surveillées, 1'information qu'il recueille, et-sur
laquelle il fait porter les opérations de cumul et de statistiques, repose sur
un total d'environ 70 000 personnes surveillées; il s'agit évidemment 13 d'une
expérience exceptionnelle en matidre de surveillance des nuisances indus-
trielles.
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3. L'ORGANISATION DE LA DOSIMETRIE AU SCPRI

Le nombre de dosim@tres distribués mensuellement par le SCPRI est passé de

6 200 en janvier 1967 & 55 000 en janvier 1977. La distribution de ces dosimé-
tres 3 plus de 7 000 établissements répartis sur 1'ensemble du territoire
national, leur collecte et les indispensables liaisons avec les Médecins du
Travail concernés sont parmi les difficultds essentielles rencontrées dans la
gestion de ce réseau. Les résultats, considérés comme données & caractdre
biologique couvertes par le secret médical, sont adressés au Médecin du Tra-
vail exclusivement, ainsi que 1'exige la réglementation frangaise [4].

La réglementation francaise impose, pour la surveillance individuelle des tra-
vailleurs, le dosimétre photographique [4]. L'utilisation de tout autre détec-
teur, tels que stylo-dosimétre ou dosimétre thermoluminescent ne peut donc
8tre pratiquée qu'en association avec la précédente. Le SCPRI a, comme objec-
tif essentiel dans ses opérations, la fiabilité: car, plus encore qu'une pré-
cision métrologique des mesures, c'est la nécessité d'éviter toute erreur
d'appréciation de la dose ou sur 1'identit& du porteur qui doit &tre 1l'objec—
tif essentiel. Il est classique de considérer comme trés satisfaisante une
fiabilité impliquant moins d'une erreur sur 10 000 mesures; c'est d'ailleurs
cette derniére valeur qui est retenue par la Commission des Communautés Euro-
péennes. Le SCPRI s'est fix& comme objectif de réduire le taux d'erreur i moins
de un pour 100 000 dosimBtres, et, & l'heure actuelle cet objectif est large-
ment atteint.

La précision métrologique des mesures n'est pas, par contre, une exigence
essentielle pour la dosimétrie individuelle. La CIPR recommande elle-méme que
les mesures, pour les doses inférieures ou de l'ordre des limites maximales
admissibles, soient é&valuées avec une précision meilleure que =30 i +507. Aucun
systéme de dosimétrie de routine actuellement en service ou & l'étude ne permet
d'assurer une précision atteignant l'ordre de quelques pour cent (précision qui
serait d'ailleurs illusoire car la dose regue par le dosimétre, seule connue,
différe de la dose délivrée aux différents organes de beaucoup plus de quelques
pour cent).

Le SCPRI a entrepris 1'évaluation des différentes causes d'incertitude; pour
les doses inférieures aux limites maximales admissibles, 1l'incertitude globale
totale est de -217 et +317. Pour les doses élevées, des vérifications complé-

mentaires permettent d'abaisser l'incertitude globale i * 10Z.

L'organisation poussée mise au point en quinze ans de gestion de la dosimétrie

individuelle a conduit 3 minimiser le coiit de ce service, sans en altérer, bien
au contraire, la qualité. Pour 55 000 dosimétres mensuels la totalité des opé-

rations est assurée par une é&quipe de 13 personnes.

Le SCPRI a depuis plusieurs années &tudié les dosim@tres thermoluminescents (ILD)
Ace jour, 10 000 dosimétres de ce type sont utilisés au SCPRI, soit en supplé-
ment de la dosimétrie photographique individuelle, soit pour des applications
particuliéres (dosimétrie d'environnement notamment). C'est donc 1'une des

plus grandes masses de TLD actuellement contrdlés régulidrement. I1 résulte de
cette étude, de maniére certaine, que le dosimétre thermoluminescent est trés
loin d'égaler, pour la surveillance individuelle des travailleurs, le dosimétre
photographique et le SCPRI n'entend pas, en conséquence, modifier dans un ave-
nir prévisible sa position quant 3 l'utilisation isolée de ce dermier.

La raison essentielle de cette préférence est le nombre d'informations beaucoup
plus important fourni par le dosimétre photographique. Outre que chaque TLD a
sa réponse propre qui doit avoir été déterminé cas par cas avant usage, le
dosimétre thermoluminescent ne donne que la seule dose. Au prix d'une complica-
tion importante et d'un prix de revient presque prohibitif, il peut fournir
également quelques indications sur la nature du rayonnement. Le dosimétre pho-
tographique fournit de maniére simple, en plus de la dose, de précieuses indi-
cations sur: la qualité du rayonnement, 1l'homogénéité du faisceau, les traces
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possibles de contamination, l'orientation du faisceau et dans une certaine
limite, le mode d'irradiation (instantané ou en plusieurs fois...). Toutes ces
indications sont d'une grande importance lors des enquétes qui suivent les
irradiations importantes. Elles deviennent indispensables lorsqu'on veut déter-
miner les doses regues par opération pour améliorer la radioprotection du poste
de travail et éventuellement modifier ou perfectionner les installations dans
ce but.

Car la surveillance des travailleurs par dosimétrie, en plus de 1'irradiation
individuelle des personnes exposées, remseigne sur l'état des installations, les
habitudes de travail, et prévient souvent les situations nouvelles qui risquent
d'apparaitre. Le SCPRI a d'ailleurs réalisé dans de nombreux cas, grice i une
étude dosimétrique fractionnée de certaines opérations (notamment dans les cen-
trales nucléaires et en milieu médical [6]) une véritable étude de postes de
travail, et mis au point un type particulier de dosimétres photographiques

adaptés & ce type de recherche, qui fera l'objet d'une prochaine publication.

De plus, le dosimétre photographique constitue un document définitif, précieux
en cas de recours, alors que la lecture détruit, en pratique, l'information du
dosimétre thermoluminescent, malgré toutes les tentatives faites pour pallier
cet inconvénient.

Enfin 1'argument de prix de revient, parfois avancé en faveur de la dosimétrie
isolée par thermoluminescence, ne résiste pas a l'analyse; bien au contraire,
le colt d'un TLD composé& au moins de deux détecteurs non indéfiniment réutili-
sable et sujet 3 un taux de pertes non négligeable dans le cas de la surveil-
lance d'une population diversifige, rendrait prohibitif le colit de cette sur-
veillance.

Que l'on y prenne donc garde: aprés un engouement di 3 la nouveauté, un
désintéressement des fabricants de TLD pourrait bien se faire jour, d'autant
qu'il s'agit de techniques autrement plus complexes que celles qui conduisent
3 1l'obtention de surfaces sensibles, et qu'il n'existe pas 1l'équivalent du

gigantesque marché des films radiographiques pour servir de support a cette
fabrication.

4., RESULTATS STATISTIQUES

Depuis 1972, le SCPRI procdde a l'étude statistique de l'ensemble des résultats
annuels; ces &tudes sont communiquées & 1'UNSCEAR [7]. La dernidre étude, porte
sur les doses relevées durant 1'année 1975 sur 23 000 travailleurs (des critéres
statistiques trés stricts conduisent 3 éliminer une partie des données, notam-—
ment celles relatives aux personnes ayant eu un travail intermittent); la dose
moyenne dans ces conditions est de 130 millirads par an (bien entendu, l'on fait
abstraction des doses &levées pour lesquelles il a &té prouvé qu'elles n'avaient
pas &té regues par le porteur lui-méme). Le tableau | montre la répartition des
doses moyennes annuelles par intervalle de doses, le tableau 2 la répartition
par type d'activité.

5. CONCLUSION

La dosimétrie photographique individuelle est une arme majeure au service de la
radioprotection, qui a atteint son but: réduire les doses regues par les tra-
vailleurs, malgré 1'augmentation des utilisations des techniques radiologiques
et nucléaires. C'est ainsi qu'entre 1973 et 1975, la dose moyenne annuelle pour
l'ensemble des activités est passée de 160 3 130 millirads.
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! Pourcentage de travailleurs ayant regu !

I 1 . X
ntervalle de dose (rad/an) une dose comprise dans l'intervalle

!

! ! !
! 0 - 0,5 ! 93,6 % !
! 0,5 - 1,0 ! 3,8 % !
! 1,0 - 1,5 ! 1,6 % !
! 1,5 - 5,0 ! 0,9 7 !
! > ! 0,1 7 !

Tableau | - Répartition générale des doses annuelles

! ! ! Dose ! Dose !
! cax L ! Nombre de ! collective ! moyenne !
! Activité pratiquée ! personnes ! annuelle ! aniuelle !
! ! ! (rad-homme) ! (rad) !
! ! [ ! !
! MEDECINE ! ! ! !
! Radiodiagnostic ! 14 085 ! 1 972 ! 0,14 !
! Radiothérapie et ! ! ! !
! médecine nucléaire ! 3 771 ! 754 ! 0,20 !
! Art dentaire ! 2 661 ! 106 ! 0,04 !
! ! ! ! !
! INDUSTRIE ET RECHERCHE ! ! ! !
! Radiographie, gamma- ! ! ! !
! graphie, sources non ! ! ! !
! scellées, applica~ ! ! ! !
! tions non médicales ! 2 704 ! 187 ! 0,07 !
! ! ! ! !
! TOTAL ! 23 221 ! 3 019 ! 0,13 !
! ! ! ! !

Tableau 2 - Répartition des doses par type d'activité
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THE CENTRAL DOSE REGISTER FOR THE NUCLEAR INDUSTRY IN SWEDEN

Carl-0Olof Widell
AB ATOMENERGI, Studsvik
S-611 01 Nyk&ping, Sweden

1. INTRODUCTION

The central dose register for the nuclear industry in Sweden has been in
operation since 1974. Before 1974 the register contained only Studsvik
personnel. The system has today about 10 000 persons in the register.

2. DATAHANDLING

The dose information is together with personal information stored in the
central computer at Studsvik, a CDC Cyber 172. All information to and from
the system is handled via terminals at the different nuclear sites. The
terminals are connected to the computer via ordinary telephone lines.

COMPUTER

DOSE RECORDS

The Studsvik Dos Registration System
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3. DOSIMETRY SYSTEM

Most doses handled by the system are personnel body gamma doses, which are
recorded on TLD. Studsvik automatic TLD readers are used and the punched
tape from the reader feeds the data via the terminal straight into the
dose register,

Also hand and finger doses are recorded on TLD and read by the automatic
TLD reader.

Internal doses as recorded by the whole body monitor or urine analyses
are also handled by the dose register.

4, PERSONNEL IDENTIFICATION

In the dose register the dose information is stored under the person's
unique social security number. For personnel from other countries their
social security number is used together with the identification of the
country. (According to the two letter code given in ISO 3166 (1975)).

5. CONTROL OF THE CALIBRATION OF THE TLD-SYSTEMS

A special routine is used for the supervision of the status of the TLD-
systems.

Always when personnel doses are read calibration dosimeters are also read.
The results from the calibration dosimeters are also handled by the
computer. The computer compares the TLD reading with the nominal value and
calculates a calibration factor. This calibration factor is then compared
with previous factor. If the new factor deviates by more than 10 % a
signal is given to the operator and the automatic registration of doses is
stopped. If not the new calibration factor is used to figure out the doses.

This calibration control is a necessary safety procedure as recorded doses
are registered without any manual handling.

6. AREA MONITORS

Area dosimeters are also handled by the system both from inside the site
and from the environment.

From personal doses the normal background is subtracted. This is not the
case for area dosimeters.

7. OUTPUT FROM THE SYSTEM

From the dose register it is possible to get a lot of different types of
lists and statistics; for example

a. Personal records which show the doses for months, quarter of the
year, year and life for body gamma, beta and neutron doses, hand
doses and internal doses.

b. List for a department with all the doses of the month.

c. List of doses received for a certain job.
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d. List of doses received by contractor personnel.
e. Summary of doses for the year.
8. CONCLUSIONS

This central dose register, operated by decentral terminals and used
together with decentral TLD readers has many advantages:

a. The register is as fast as possible up-dated.
b. Data from the register can be obtained within seconds.

c. Hot jobs can be supervised easily and without time delay due to
dose communications.

d. It is very easy to handle individual records for a large number
of maintenance personnel moving from site to site. No radiological
pass is needed.
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THE SELECTION OF OCCUPANCY FACTORS

J.R.A. LAKEY

Royal Naval College
Greenwich, London, U.K.

1. INTRODUCTION

The control of external radiation exposure requires the application of the
following three factors in both the design and the operation of the
radiation facility

a. Distance - distance between the working position and the source
of radiation

b. Shielding - a protective barrier between the working position
and the source

c. Time - exposure time limits so that dose limits are not exceeded
when a worker occupies the working positions

This paper is concerned with the third factor - occupancy time - and
attempts to show how the design, operation and exposure assessment are
related to the selection of occupancy factors.

2. THE OCCUPANCY FACTOR

The designer of the facility can calculate, from equation 1, an exposure
rate limit for the working position to be protected (1,2)

LC
X, = wgg, wr/br

i'i s eeseaes (1)

where Xi = exposure rate limit for the area i

)
1l

exposure rate limit (local regulations) mr/week
C = conservative factor

U, = use factor for area i, fraction of the time that radiation
is directed towards the area i

T, = occupancy factor - fraction of the time that the location is
occupied when irradiated

W = work load, hours per week that the facility is working

Local regulations may determine nearly all these quantities, for example,

in the U.K. the Factories Act regulations permit an 'approved scheme of

work' where it is not reasonably practicable to achieve 'adequate shielding'.
In this case Xj will exceed L put limits will be set on X5, Uy, Ti and W.
Factor C is usually selectedwby the designer to accommodate unavoidable
errors in his data and his design methods and is usually between 0.1 and

0.5. If Uj and Tj are permitted to fall below 1.0 the choice must be made
with great care because it implies a separate work area and a deliberate
redistribution of radiation exposure between different workers. Furthermore
administrative controls must be effective and the operator must be aware of
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potential errors in his exposure assessment.
3. INTERACTION BETWEEN DESIGNER AND OPERATOR

The designer is required to make decisions like those of a General who
plans large military movements and operations; the designer decides the
strategy of radiation exposure control whilst the operator of the facility
is concerned with the tactical deployment of the radiation workers when the
facility is operating. Like the General a designer is not aware of the
detailed movements which will take place and the actual conditions of the
planned operation may be very different from those assumed for the design.
In this paper two aspects where both strategy and tactics are involved are
discussed

(1) radiation field gradient and the effect of errors in the
position of the worker

(ii) radiation field quality and the effect of errors in radiation
dosimetry

The use of separate work areas with different occupancy factors calls for
effective communication between designer and operator and the nature of the
information required is proposed.

4. RADIATION FIELD GRADIENTS

In X-ray facilities where the radiation source is virtually a point there is
a high rate of variations of radiation intensity with distance from the
source. Radiation field gradients are typically 20% per metre along a
radius from the source and, since radiation workers are not static, there
are noticeable variations in exposure between the different workers (3).
The designer may neglect the effect of worker movement by assuming that the
worker is exposed at the position of the highest exposure rate in the area.
This assumption is obviously unrealistic and a better model of the workers'
movements is required. The designer can use a one dimensional model which
simply specifies the mean position of the worker and then computes for that
point. In two dimensions the model can be a plan on which the trajectory
of the worker is described; the predicted radiation field superimposed on
this plan can be integrated along the trajectory to give the exposure.

There is no significant advantage in going above 2 dimensions even for
nuclear reactor designs. 1In any situation more complicated than one point
source the computing task is formidable but the strategy produced is more
effective in making cost effective use of the resources specified by the
designer.

Tactics., Where field gradients are high the operator may deploy his
workers so as to minimise the exposure. For example, let us assume a
working area 5 metres across with a point source 3 metres outside one wall.
Assuming radiation exposure obeys the inverse square law and considering
only the distance from the source the table below shows the effect of the
worker's position on his exposure.
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TABLE I

POSITION MEAN EXPOSURE RATE
At wall nearest to Source 1.0
At wall far from Source 0.14
Average over Whole Room 0.41
Front Half Room only 0.64
Rear Half of Room only 0.19

The table shows that confining the workers to the rear half of the room
reduces exposure rates to half of those received when the whole room is
accessible. The exposure in thig case is about 40% of the maximum.

5. RADIATION FIELD QUALITY

The shield designer normally computes exposure rates without reference to
any instrumentation errors experienced by the operator. This factor could
be important in areas where both the intensity and quality of the radiation
field varies significantly (4). In this case significant variations in
absorbed dose might be masked by false instrument readings. Large
discrepancies between predicted exposure rate and radiation survey measure-
ments will provide further confusion. Designers should at least indicate
areas where potential errors of this type exist. The design predictions do
not normally consider the effect of the radiation worker on the radiation
field. For example over the range of gamma photon energies the survey
instrument readings may be changed by a factor of 2 by the shielding effect
of the body of the holder. The assessed value of the mean bone marrow dose
can be as much as a factor 7 below the exposure recorded at the film badge
position.

Tactics. With potential errors of this magnitude the operator might find
that his attempts at exposure control reduce to a lottery - the workers
absorbed dose might not correlate with exposure measurements. The operator
should study the design predictions before deciding on radiation suxvey
tactics and attempt spectrum measurements in regions where errors are likely
to affect his decisions.

6. THE APPLICATION OF OCCUPANCY FACTORS

If the design can be based on occupancy factors there will be at least two
design exposure rate limits derived from values of UjTj in the relevant
areas. For example, assume that there are two areas A and B with values of
UT of 0.1 and 1.0. If C =1 and W = 40 hours per week the design exposure
rate limits will be 0.25L and 0.025L respectively. An individual worker
confined to B would therefore receive the legal dose limit if he spends

40 hrs per week in B. Since A can be occupied for 0.1 x 40 = 4 hours this
individual could get L in A and in the remaining 36 hours a further 0.90L in
B making a total of 1.90L. This is not acceptable and can be avoided by
reducing the design exposure rate limits to 0.25L/1.9 and 0.025L/1.9. An
alternative is to have an inequality which can be stated 'the occupancy of A
cannot exceed 4 hours and must be reduced by 1/10 of the time spent in B.'
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The possibilities for inequalities increase as the control extends to more
areas and other constraints are added by limitation of cost, number of
workers, internal radiation dose. The designers model of the facility
becomes essential if the operator is to be given a warning on the
consequences of failure of administrative controls.

7. CONCLUSIONS

The designers of radiation protection facilities must be made aware of their
strategic r8le in the task of controlling radiation exposure. The designer
should assist the operator by

1. taking account of the actual movements of radiation workers and
predict exposure rates in all occupied spaces

2. nominating areas with high field gradients

3. nominating areas with abnormal radiation quality and indicating
possible instrument errors

The operators must recognise their tactical réle and be ready to take
advantage of radiation field gradients, to be wary of changes in radiation
quality and to ensure that their natural caution does not cause exposures to
be unfairly distributed among workers.
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N° 252

SURVELLLANCE RADIOTOXICOLOGiQUE DU PERSONNEL DE L'USINE
DE SEPARATION DES ISOTOPES DE L'URANIUM DE PIERRELATTE =
METHODES ET RESULTATS

J. CHALABREYSSE
Institut de Protection et Sécurité Nucléaire - Département de Protection
Laboratoire de Surveillance des Nuisances de l'Homme et de son Environnement
Commissariat a 1'Energie Atomique B.P. n° 38 - 26/00 PLERRELATTE

Le procédé de séparation des isotopes de l'Uranium utilisé en France 2
PIERRELATTE, repose sur le principe de la diffusion gazeuse = passage d'un
composé gazeux, l'hexafluorure d'uranium, & travers une paroi poreuse. La vi-
tesse de passage pour les molécules légeéres d'235UF6 et de 234UF6 étant plus
grande que pour 238UF6 il s'ensuit un effet séparatif.

En répétant cette opération un trés §rand nombre gde fois, on parvient 3 enri-
chir le flux gazeux en son isotope 2350 et également 234U : on obtient ainsi
1'uranium enrichi.

I. COMPOSES D'URANIUM AUXQUELS SONT EXPOSES LES TRAVAILLEURS

Dans une usine de séparation des isotopes d'uranium, telle que celle de
PIERRELATTE, on rencontre des composés de nature chimique et de compositions
isotopiques tras différentes, ce qui complique notablement la surveillance des
travailleurs. L'enrichissement de l'uranium en son isotope 235y s'accompagne
d'un enrichissement plus important en 234y, L'uranium naturel de départ dont

la composition en masse était de 99,28 % pour 1'238y, de 0,72 % pour 1'235U et
de 0,0056 % pour 1'234y s'enrichit donc au fur et & mesure que le flux gazeux
progresse dans les étages de diffuseurs en 235U et 234y, Il s'ensuit une varia-
tion relative de l'zctivité massique de mélanges isotopiques de teneur crois-
sante en 235y et 23 U 1'activité correspondant 3 une masse donnée est d'autant
plus importante que le taux d'enrichissement est plus élevé, C'est ainsi que
lorsque l'enrichissement de l'uranium est supérieur 2 90 7% exprimé en 235y,
1'activité alpha est environ 100 fois celle de l'uranium naturel mais plus de
96 7. de cette activité est due 3 234y dont la proportion pondérale est d'envi-
ron 1 %.

D'un point de vue chimique, les principaux composés d'uranium rencontrés dans
une usine telle que celle de PIERRELATTE sont 1l'hexafluorure et son produit de
décomposition 1l'oxyfluorure d'uranium, le nitrate et le carbonate d'uranyle,
les peruranates, le tétrafluorure et les oxydes d'uranium,

Les composés qui sont les plus susceptibles d'@tre ingérés ou inhalés sont
1'hexafluorure (sous forme de gaz), l'oxyfluorure (sous forme de poudre ou d'aé-
rosol soluble), le tétrafluorure et les oxydes (sous forme de poudre ou d'aéro-
sol insoluble).

2, METHODES DE SURVEILLANCE RADIOTOXICOLOGIQUE DU PERSONNEL

La surveillance radiotoxicolegique du personnel de l1'usine de PIERRELATTE met
en oeuvre différents procédés :
. mesure de l'excrétion de l'uranium dans les prél2vements biologiques (urines,
selles) ;
évaluation de la contamination localisée au niveau de la poitrine.

2.1. Contr8le des excréta

La mesure de l'uranium présent dans les échantillons biologiques s'effectue
selon deux procédés techniques
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fluorimétrie selon la méthode classique par fusion des sels d'uranyle avec
du fluorure de sodium et de carbonate de sodium.

Cette technique est utilisée pour l'uranium naturel ou au stade faiblement
enrichi (jusqu'a 5 3 8 %). La sensibilité de la méthode pour les urines est

de 5 pg/l.

. comptage alpha pour l'uranium enrichi A un stade supérieur 3 5 2 8 % en 235U.
En effet la méthode fluorimétrique n'est plus sensible. Nous avons mis au

point a PIERRELATTE une méthode originale dont le principe est le suivant :

- séparation préalable de l'uranium des autres composés ou éléments génants pour
le comptage, par une résine échangeuse d'ions, liquide, 1'Amberlite LA 2 (N
Lauryl - N - Trialkyl méthylamine). On utilise le complexe anionique U02014--
qui se forme lorsque l'ion uranyle est en milieu HCl 5 a 9 N, ce qui permet de
séparer l'uranium des alcalins et alcalino terreux. Le procédé mis au point 2
PIERRELATTE évite l'habituelle et longue minéralisation des urines, mettant en
jeu de grandes quantités d'acide difficilement utilisable en grande série.

- mesure de la radioactivité alpha 3 1'aide d'appareils, passeurs automatiques
d'échantillons(ionisation avec circulation argon-méthane).

La sensibilité de la méthode pour les urines est de 10 pCi pour un comptage de
50 minutes pour une prise d'essai de 100 ml. Pour connaftre la composition iso-
topique de l'uranium trouvé dans un prél2vement biologique, nous effectuons une
analyse spectrométrique du rayonnement alpha émis par 1l'uranium. Au préalable,
nous séparons l'uranium par passage sur résine liquide suivie d'une électrodé-
position. Par ce procédé nous pouvons apprécier l'enrichissement de 1'uranium
trouvé jusqu'a un taux de l'ordre de 40 7 en 235y, Au-dela 1'imprécision est
trop grande.

2.2 Mesure de la radioactivité au niveau de la poitrine

L'évaluation de la contamination en uranium localisée au niveau de la poitrine
s'effectue & PIERRELATTE dans une chambre en plomb de faible activité. La
cellule mesure 3 métres de longueur, 2 mdtres de hauteur et 1,50 m de largeur
avec une surlargeur de 0,50 m au niveau de l'emplacement du détecteur. L'instal-
lation est opérationnelle depuis 1969. Sa sensibilité est d'environ 0,5 2 0,8
Q.M.A.

3. ORGANISATION DES CONTROLES RADIOTOXICOLOGIQUES

On effectue systématiquement des prél2vements d'urine sur les lieux m@mes du
travail des agents : selon une fréquence définie en fonction du risque, nous
faisons établir par l'ordinateur du Centre de PIERRELATTE une convocation pour
prélévement d'urine par l'agent. On pratique des contr8les d'équipe de travail-
leurs, c'est-a-dire que l'on convoque le personnel par roulement en désignant
des individus dans des équipes différentes. Cette attitude s'est révélée parfai-
tement justifide avec l'expérience. Un flacon pour le recueil des urines et mis
a4 la disposition de l'agent sur les lieux de son travail. L'individu doit four-
nir un volume d'urine d'environ 200 ml : il ne s'agit donc pas du recueil de la
totalité des urines de 24 heures ; on procéde ainsi par sondages sur l'ensemble
du personnel. A la date limite précisée sur la convocation, les flacons d'urine
sont ramassés par des agents du laboratoire. On ne tient pas compte de l'horaire
de prél2dvement des urines. On ne reconvoque pas les agents qui n'ont pas répondu
3 leur convocation. Il s'agit d'un contrdle ou d'un sondage par zone de travail.
Les examens ne sont pas obligatoires. On considére qu'environ 30 a 35 % des
agents ne répondent pas a leur convocation. Si 1l'examen systématique s'avére
positif on déclenche un contrdle approfondi qui est équivalent 3 celui que l'on
effectue aprés un incident,
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Dans le cas d'un incident, le plus souvent par inhalation, on effectue le
dosage de 1l'uranium dans 1'échantillon d'urines recueillies immédiatement
aprés l'inhalation, les urines de 24 heures suivant l'inhalation, les selles
des 72 heures et éventuellement une mesure de la radioactivité localisée au
niveau de la poitrine,

4, RESULTATS
4.1 Surveillance systématique

D'emblée on peut dire qu'il n'a jamais été mis en évidence de contamination
interne due a l'uranium, décelable par mesure de la radioactivité au niveau
du poumon,

On décele de temps en temps des urines dites positives au cours des examens
systématiques. Elles proviennent d'agents affectés a des postes de travail
pour la récupération et 1'élaboration du métal uranium e.richi. Les valeurs
mesurées sont toujours inférieures aux limites maximales admissibles et ne
nécessitent pas d'éviction de poste ou de mise au repos.

Il ne s'agit pas, en fait, d'une contamination chronique 3 bas niveau, mais
plutdt de petits incidents qui sont inapergus, et que seuls les examens
d'urines permettent de mettre en évidence.

4.2 Surveillance aprés incident

Un incident, que l'on peut qualifier d'historique, s'est produit en 1965 dans
l'usine pilote du Centre de PIERRELATTE. Cet incident n'a eu heureusement au-
cune conséquence facheuse pour le personnel. Celui-ci était alors en service
de jour, et bien qu'il n'y ait pas eu d'agents sé;ieusement atteints, il a
été décidé, afin de parfaire nos connaissances dans le domaine de la protec-
tion,de contrdler un nombre trés large de personnes. Cette méthode avait eu
outre l'avantage d'éviter qu'il y eut par hasard un individu non contrdlé et
susceptible a l'extr2me limite d'avoir été intoxiqué.

Le composé d'uranium était 1l'hexafluorure d'uranium naturel.
. 115 personnes furent directement exposées

323 personnes étaient dans les parages de 1l'incident
. 396 personnes participérent a8 la décontamination des locaux ou du matériel.
Les nombreux contrB8les opérés sur ce nombre relativement élevé d'agents ont
permis 1'établissement de statistiques intéressantes sur 1l'élimination de
1'uranium inhalé par certaines personnes 2 des doses légdres.
Cet incident est rapporté en détail par ailleurs (1) (2)
5. CONCLUSION

En conclusion générale on peut dire :

qu'une surveillance radiotoxicologique trés serrée et trés sévére est effec-
tuée sur le complexe industriel de PIERRELATTE. Cette surveillance est adaptée
aux postes de travail c'est-a-dire aux risques existant réellement pour le
travailleur ; la périodicité des contrdles est fonction du risque.

que cette gurveillance bien codifiée et bien organisée est fort bien acceptée
du personnel qui collabore fort efficacement avec les équipes du laboratoire.



Dans un complexe industriel tel que celui de PIERRELATTE, et, bient8t, celui
du Tricastin, cette surveillance radiotoxicologique se complique du fait de
1'existence de mélanges de compositions isotopiques différentes et de nature
chimique variée. .

que la technologie et la conception des installations assurent une trés
bonne prévention : le C.E.A. a su comprendre et résoudre des problémes liés
a 1l'hygiéne du travail, ce qui a permis le développement de 1l'énergie nu-
cléaire, car, en définitive, pour toutes les questions d'hygi2ne, de sécurité,
de nuisances professionnelles il faut faire sien le vieil adage : '"Mieux vaut
prévenir que guérir",

La surveillance radiotoxicologique, telle qu'elle est congue & PIERRELATTE,
et d'une fagon générale au C.E.A., est un élément des plus nécessaires et
des plus fondamentalement utiles a cette prévention. -
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1. INTRODUCTION

The accuracy of the determination of the individual radon daughters
concentration mainly depends on the selection of time period and its
interval in the Tsivdglou and similar gross alpha counting methods.
To determine the concentration of the daughters, several selections
of the counting period and interval have been proposed by some in-
vestigators, however, these selections are not always suited for de-
termination of various existing rate of radon daughters particularly
under the condition of extreme low disequilibrium.

The proposed method employs an air sampler (flow rate of about 15
1/min ), a membrane type air filter (millipore DA : pore size 0.65 ym)
and a ZnS scintillation alpha counter. The specified collecting time
of 3,5 and 7 min. (selectable) provided for the radon daughter col-
lection in the sampled air. After collecting, total alpha counts is
measured at the following six time periods and intervals ; 2 - 6, 7
- 11, 12 - 16, 17 - 21, 22 - 26 and 27 = 31 min, from end of col—
lecting. The individual concentration of the daughters are calculated
by means of weighted least squares method using the above six conting
data and these errors are estimated based upon the statistical con=
ceptions.

2. MEASURMENT OF RADON DAUGHTERS
2.1 Counting Efficiency

The entrisic detecting efficiency of a 2nS scintillation detector

for an alpha particle is 100 %, but the actual counting efficiency
depends on the discriminating level of a counting device, geometrical
arrangement between a detector and radiation source such as a filter
paper deposited radon daughters and distribution of the deposited radon
daughters along with the samping air flow., The distribution function
¥(t) is estimated by means of the alpha energy analysis as follows :
P(t) = 10.2 exp(-0.875t) + 3.56 exp(-0.125t) . Where t is the depth

of deposited position from filter surface in mg/cm'. The actual counting
efficiency is the product of the correction factor f4 due to the dis-
tribution above - mentioned and the counting efficiency n which is de-
termined by comparison with a standard alpha source measurment.

2.2 Back Ground Counts

The back ground counts My at the each counting period (No. i) is
estimated as follows:
6==( Mor+ Moo ; Mu=(MprMd/ 2 M

8R

e I e e e \

exp (=N Tgg+ Tgp+ 31) )

Mg MpeoXp (= N Tyst Tpt31) ), My, »(1)x(1~ 7': )( ar -Mx;e:z( h.LTnd.Ql))
»
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Mgexp(- Nel Tgr+2 + 5 x (1 =1)))

_Where lMpeis a back ground count (counts/ 4 min.) at the Tgmin befor

smpling end.

Veris a back ground count ( counts/ 4 min.) at the Twmin after
end of the No. 6 counting period. :

Mg; is a back ground count {(counts/ 4 min.) at the No.i counting
period.

m; is a gross alpha count (counts/ 4 min.,) of collected radon
daughters at the No.i counting period.

Mpels the effective decay constant of the contaminated radon
daughters to the surface of ZnS scintillator:0.01925 min!

7% is themictual counting efficiency of the ZnS scintillation
counter for  Po alpha particle deposited in the filter.

2.3 Growth of Alpha Activity

The growth of the alpha activity of the individual radon daughters
under the constant collecting rates is calculated by following equatiomns
(1)-(4) as the function of Te,

(collecting nuclide)/(cguniing npuclide) ~MT5 ~MGy
('J‘Po)/ ¢*po) IM-jgtﬁégéx%(— Nt)dt-(}‘.exp(-)u"lz)l—;u—e 1—%— )

*po)/ (®po)=("B1) :

S (BN ™ exp (= Mut) exp(= Agt) exp(=Aet
i 5;“ N e -2 e - 2a) T Ow=re) e - 20) + (AT“D‘(-A“) (‘A‘)—x,- Jf“
ey 1601 (1-6M%) | M1-eMF) (1678 | E(1-EF) (1-5%
CAMA T Gy - ) e =a) * X0 =28) Ac=20) ¥ T (g =2c) s -De }“’

'po)/ **Po)=(™Bi) :

Ts B-TiTctTm
1, ~[a't (G, [EXB(=det) exp(-,\ct)}dt
o P i [ O VS V) I C YR YY)

MU 1-e%F) (1% M _eRF) (1.2
> ')‘;ﬂ*‘({m % Oe=ho) A Ry § “
Bi T F’O't:‘mr" ’ (1- “‘A(J.i) (1 -A¢
- facfe>~ “Act)dt= - ¢ L f1-e )
Le Co Sp- Aot~ G exp(-AT) S5 L (W)

Where Tg : collecting period in min. (: 5 min.)

Te ¢ elapsed time in min.(between end of sampling and start of
Jth counting period= (2 - § x (1 - 1)) )

Ta ¢ counting time in min. (: 4 min,)

M : decay constant of*Po in min?

X : decay constant of*Pb in min”

> : decay constant of"'B:'l‘ in min?

A ! cOollecting rates for **Po in the sampled air (dpm/min)

Cs: collecting rates for ™PpPb in the sampled air (dpm/min)

Cc: collecting rates for ™Bi in the sampled air (dpm/min)

2.4 Weighted Least Squares

Assuming the respective net counts'as M, M, M, M, Myand N,the following
observation equations are obtained from equation(l)-(4)

(4,982 6587+ 0,216 927% )Ca+ 3.697 295%Ca+ 15.944 969 Ce= M,

(1.599 4452, + 0.449 5272 )G+ 5.657 084 7% Ce+ 13.372 731 fCc= Ma

(0.513 L4262 + 0.645 9844 )G+ 6.990 633 2 Ce+ 11.215 446 2%Ce= M, (5)
(0.164 811%+ 0.788 9837% )Ca+ 7.836 584 2Cos 9.406 174 2Cc= My |02
(0,052 9057+ 0.882 4134 )Ca+ 8.306 648 %Cs+ 7.888 773 2Cc= Ms

(0.016 9837%+ 0.935 11774 )G+ 8.490 505 %Ce+ 6.616 159 25 = M

Where 7,, is the actual counting efficiency of the counter for Po

alpha particle deposited in the filter.
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The above equations (6) are indicated following the general expressions
(7) : T
a,Cat b, Cat ¢, Cc= M/, = I, Where: a,= au?‘ + age

I (?7)

a,Cat+ b, Ca+ c;Co= M /7

a4,Ca + by Ca+ ¢, Cc = M‘/7¢; a Is
The relative standard deviation (SD) for each net counts (M.) is

SD;= ( mg Q'MB; / ( m; -'Mg&) (8)

Where myis the gross counts at i-th counting period. (m;- Mu= M)

Since each expression of eq.(7) has different grade accuracy, it must
be multiplied by the weightof V' P. /P, is a proportionate number of the
reciprocal value of standard deviation (SD;).

Then the following weighted observation equations (9) are induced
8.,-ch+ b/.}fp" Cg+ CI'V-P-;Cg':V—P-I I, T

aL'V_.P-.'CA"' b;'ﬂ}; Cs + c;-VT.",- C(—"'ﬁ I, 1(9)

a, VB, Co+ b VP Cat cuof P, C =P, I, ,
Consenquentry the weighted normal equations (10) are obtained by least
squares theogy, .
H(P.al) Cy+ D(P,ab) Cp4 (P ac)i=> Z(P. al)
(P.ab) Ca+ H(P:bi) Cot B(P b= B(R bI) (10)
(P.ac) Ca+ 2(Pibg) Cp+ £(P:.ci)(x B(Pcl)
The inverse matrix M’ is defined against the matrix M as follows:
2(piat) f(Piap) E(Piac)| | D« Da Dn
£(P.ap) £(P,b:) L£(P:bg)] M= |[Da Daa Du
(P: ag) z’(P;b;C;) 2(p.c )y Dy Disa D
Where,M x M’ E (E is a unit matrix. )
D=0, D, = Dy and Dy = D,.
Therefore the Ca, Cy, and C¢ is calculated by following equations (12)
Ca= Duf‘:(PiatI&) + DuEZ(PibI) + D.;?;'-(P,,c-,I;) } (12)
12

Cy= Duf(Pial) + DoB(PibI) + DuZ(P:cl)

Co= Do(P al) + DLE{P b)) + D,E(P: cI.)

The concentrations of **Fo ,*Pb and Bi are indicated as

Aa= Ca/ v x 2.22 x 107, Ag= Cg¢/ v x 2.22 X 10°, A = C%/ Vv X 2.22 %
10, where Aa , Ag and Ac:concentration of"Po MPb and”Bi (MCi/cm')

v : sampling rate of the air in 1/ min

The standard deviations of collecting rates are estimated following
equations (13) under the conceptiog of error propagation theory.
aCa+ {J B{Dya. + Dab: + Dyc: ) I}

ACy= {gP(Dua; + Dube + Dyc. )-ILH }(13)

aC.= {¥P{D,ac + Dyby + D,c. ILJE

Since the weight {P. was different in each measurement, the weighted
normal equation (10) and others had to be prepared and solved by use
of a mini-electric computer in order to determine the radon daughters
concentration and theése errors.

2,5 Simplification Method

As the above method is complicated in calculation without a mini-~
computer. Apart from the method, the following technique also employed
80 that radon daughters concentration can be obtained by a simple
caluculation in the actual sampling spot.

Trasforming each one of the equations (5) the following equations are
induced

(5.199 59 Ca+ 3.697 29 Co+ 1.594 50 C.)7 =M.

(4.162 18 Ca+ 20.484 3 Cp+ 33.994 4 Cclp =Mat Myt Mgs May H1y4)

(1.887 42 Gu+ 16.797 2 Cq+ 14.504 9 C )4 =M.+ M5 M,
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Where, % = o=

215) are provided for solving the equations

The equations (14)

( 0.300 381 Me- 0.234 923 Mag 0.220 373 Mp) Xé = Cy

(-0.004 156 03 M,- 0.049 709 6M,z 0.121 070 1 M) X3 = Cs 5(15)
(-0.034 273 5 M, + 0.088 134 OM,; 0.099 936 21M;) X+ = C,

The statistic errors 4C4, ACgand AG. of C;, G4 ang C. are estimated

as follows

( 0.090 229

M.+ 0.055 189

M,#4 0.048 564

i
Me, ) X+ = 4Ca

( 0.000 017 3 M.+ 0.002 471 O M. 0.001 465 8 M,.,)f)(; =A03}(l6)
( 0,001 175 M + 0.007 768 M,# 0.009 987 My F X7$ =4C,

3. RESULTS OF MEASUREMENT

The typical radon daughters concentrations (yCi/cﬂ) at the working
places in the underground area and milling plant of the Ningyo-toge
mine calculated by the proporsal methods are shown in Table 1 and 2.

Measuring] Underground area in Nakatsugo District

“‘*—EQEEEE worging face worging face worging face method
Nuclide point 1 point 2 point 3

*Tpo (6.58%0.48)x10 |(5.62%0.46)X16° [(8.40%0.49)x16"

™ pb (2.81%0.13)x10° |(2.25%0.12)x16" {(2.47%0.13)x20" | w.L.s.
“Bi (2.00%0.15)x16" |(1.71%0.15)x26" [(1.89%0.15)x16°

“*po (6.45420.49)%167 [(6.05%0.50)x16" [(8.28%0.50)x15"

Py (2.75%0.14)x16" [(2.42%0.15)x16" [(2.43%0.14)x167 | s.c.m.
5y (2.05%0.16)x16" [(1.85%0.17)x10" [(1.93%0.16)x16°

TABLE 1 Results of Measurement of Radon Daughters Concentrations

and These Errors in yCi/cnfand Comparisons Between the
Weighted Least Squares (W.L.S.) and the Simplified Cal~
culation Method (S5.C.M.)such as eq.(15) and (16).

Measuring] Milling Plant in Ningyotoge Mine

points| working area control room out door of method
Nuclide the plant
50 (4.7120.89)x10" |(8.02%4.26)x16" |(2.433.48)x16"
**pb (5.55%2.18)x10” [(3.0221.15)x10” [(1.21%0.95)X10” (w.L.Ss.
g1 (2.44%2.64)%16” {(0.601.33)x16" [(1.33%1.11)x20"
o (4.55%0.86)%x16" |(5.68%4.41)x10" [(1.75%3.68)X10"
*pb (4.71%2.27)%x16” [(1.90%1.27)x16” [(0.7721.05)X16” [s.C. M.
*B1 (3.02t2.64)x16” |(1.65%1.45)x16" [(1.8421.11)x15”

TABLE 2 Results of Measurement of Radon Daughters Concentrations
in the Milling Plant of Ningyotoge Mine.
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1. INTROLUCTI(M

Monitoring programme in the Jaduguda uranium mine in India is tuned to the
estimation of radn oncentrations in wrk places, It is well known that in
some oountries, notably in the United States of smerica and in Canada, the
practice is to estimate the radn daughters in working Level (WwL) unit and

to expross the cumulative individial exposure to these contaminants in

wo rking Level Months (WIM), Thisg has been a convenient and ugeful tool in
the hands of the epidemiologists for mrrelating the incidence of lung cancer
with exrogure ¢f the lungs t alpha radiation ( 1 - 4 ). But when it onmes
to translating the expo sure in +IM to lung dse in rads no definite relation
has & far been fomulated (5-7),

In our mines in India, although we continue t use raccn monitoring as the

principul method of hazard evaluation, we have als in add tion carried out
simultaneous estimation of the WL values on many occasiong., More recently

gome attempt has been made at detemining the percentage of radon

daughter activity in the unattached state obtzining in mine air,

2. RAILN IN MINE AIR

Using the dlrect scintillation method which is now well known and widely
atopted, radn ooncentration in the work places in our mines is measured

on z routine basis, The data thus o llected over the last 10 years has been
summarised in Table 1, R r this purpose the racon levels obtaining during
the same operation have boen averaged., The main mining operations onsidered
are 'orilling', *'mucking ( slushing)' and all others collectively as *general'.

3, RALN LAUGHTEPS IN MINE AIR

The radwn daughters mncentrations have been measured on many occasions along
with raoon estimations. The mean WL values during the different operations
are presenteg in T™ble 2

4, UNLTTACHEL RADXN BDRUGHETERS

The method adopted for estimating the percentage of unattached radon daughters
was the wire screen technique (8) with the cmputational mo di fication



sugrested by MERCIEP €9), The sampling rate was 9,5 lpm through a 5 mesh/an
nrefilter and glass fibre filter ombination. The ®mllection efficiency of
the prefilter for unattachcd racon daughters was calculated to be 64,7%.
Larlier sncradic attempts had yieldecd very widely virying values for the un-
attached (ractions £, (for Rad), f, (for Rad) and 1, {for RaC) with median
values at zbout 6% 3% and 1% respcctively, Pecent measurements however,
zave onsliderably higher figures, s»ll the measurements reported here were
carried out just inside the adlt mouth where one c¢f the main exhaust fans
is located. 'ourly readings during cne work shift over a neriodof two
weeks were taken uncer operaticnal (mine working) and ;assive (on holidays
wher the mining o erations were sugpended) wmnditions, For cnvenience we
have reported only the mean values of the total unattacBed fraction £,

in Fig, 1.

S, LiWUESIWN

e have sdopted an MEC, value of 280 pCi/) for a2 4 bhour work week in our mine
cn the bzsis of the recommendations of I14Z4a (10), Table 1 shows that the
average racon levels in our mines have been mostly below this level., ¥rom
Table 2 we can see that the WL vilues also have been quite lowwhich ig due
to the god ventilation onditions and the consequent disruption of equile-
brium between racon and its caughters, The degree of disequilibrium can be
geuged frem the fact that the WL to radon ancentration ratio has all along
been much below the theoretical value of C,01, varying between 0,00072 in
1973 o ,00% in 1276, Based on the WL values the mean cumulative expo-
sure of drillers % radon daughters during the lust ¥ y~ars has been

2,® + 1,11 wlk/year and the o rresponding gigures for the muckers {slishing
crew) and remaining category cf workcrs have bren 3,21 t 1.35 wlhi/year and
1.61 + 0,17 wil/year respectively, These figures wmpare well with the cur-
rent United States standard of 4 WiM/year,

From Flg, 1 4t may be scen that the ft values in the ¢xh:ust air under passive
ownditions are higher and less varying than under operational conditions.

a8 on us the mining operations commence the values tend to dekrease,
reaching a somewhat steady state in about & hours, The f, values reported
here are necassarily higher than those reported bv other investig.tors
elsewhere because these measurements have been carried out at a place well
removed from actual work locations,

6, ACGNCWLTDGEMEKRT
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Year —~ecrcmcamm e mmcmc e e e S - ——————
Lrilling Mucking General
V67 12 + 34 230 + €3 ¥8 + 55
1968 248 * 68 175 & 48 BT »
1909 %5+ 75 »H8 £ 102 115 % »
19 7C 132 » 37 03 x 22 78 x 97
W71 11 x 27 110 * 32 38 x &
1972 Rt ¢ 72 £ 21 €N T N
1973 79 2+ 13 74 £ 11 78 + 21
1074 % + 1z 168 £ 52 151 * 52
1075 80 *t 48 (I S ¢] 09 £ O
97 123 * 27 € + 9 cge £ 9

TaBLZ 1  #can racdon levels (pdd/1) in
Jaguguda uranium mine

(PISEATLC(N

Year —eme e e R e e
Drilling rucking Generadl

1967 0,17 $0.05 Ce33 0,12 n,27 + 0,08
1068 0.3 £ 0.10 0,25 + 0,07 C.06 *0.04
19€9 0.2 1+ 0.11 0.52 + 0,10 0,17 + 0,06
170 C.1¢ +0.05 C.25 £ 0,03 0,1l £ 0,04
71 C.3 + 0.04 0017 £ 0,05 N8 £ 0,01
1572 0406 + Q.01 0,05 3 6,01 0.0 + 0,03
1973 0.06 + 0.0 C.1i x 0.03 C.re 4 0,02
1974 Co14 40,03 7.41 £ 0,13 0.37 0,12
1875 Ce21 & 0.0 C.18 + 0,15 0,32 N3l
187€ 0.0 4+ C.48 Q.22 +0.10 0.0y 0,01

....................... e e S e e e e ot e e

T:{BLZ 2 Mezan radn caughters working level (.L)
in Jatuguda uranium mine
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1. INTRODUCTION

Measurements of environmental radiation fields are carried out with many
types of radiation detectors. Two applications of such measurements are
directed toward the assessment of absorbed dose to man from externally-
incident envirommental radiation. - First, the absorbed doses to various
organs from the natural background radiation may be of direct interest on
their own merits or to provide perspective in evaluating dose from other
sources. This assessment requires an analysis of detector response in terms
of radiation field quantities that can be related to the desired doses.
Second, the assessment of organ doses from manmade sources may be desired,
which requires a knowledge of detector response to the natural background
radiation so that the response to the superimposed radiation may be
inferred. Because of its relevance to these applications, we will consider
here some of the general aspects of the dosimetric interpretation of radia-
tion detector response to the natural background components. The methods
for calibrating two widely-used detectors, the ionization chamber and the
thermoluminescence dosimeter (TLD), in such radiation fields is discussed,
to exemplify both the problems of analyzing detector response and the
methods for arriving at reliable dose inferences. Such methods are
contrasted with the recommendations of the ICRU and the areas of appli-
cability of each are indicated.

The subject matter of this paper will be limited to the determination of
absorbed dose rate or long-term dose to human organs at a particular
location in the environment. The determination of dose to real individuals
moving through the enviromment from a set of field measurements or from
dosimeters worn on the body is considered in reference (1).

»
2. GENERAL METHODOLOGY OF DOSE ASSESSMENT

The general aspects of inferring dose to man from externally-incident
environmental radiation have been discussed in two recent papers (1,2).

The problem can be briefly described in the following manner. A radiation
field within a small spatial volume is completely defined by specifying

the flux density, $i(E,()), as a function of energy and angle for each of the
i components (particle types). In the enviromment, we are usually interested
in the radiation field in air at some distance above the air-ground inter-
face, often one meter. 1If we then introduce a mass of material, our
""detector", into this volume and perhaps surround it with additional matter
of the same or different composition, this modifies the flux densities
within the volume, i.e., @iAQ{. Any response, Rj, of this detector to the
it component can be related to these flux densities via a calibration

factor, kj, as follows:
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Equation 1b is more useful since it relates detector response to a quantity,
$i, that is independent of the presence and the properties of the particular
detector. Let us now consider two such detectors, our measuring instrument
and a human organ. The TRj; for the former can be a counting rate, an
electric current, or another type of signal, while the ZR; of interest for
the latter is mean absorbed dose over the organ mass. It is clear that the
relationship between these two sets of responses is both complicated and
dependent on a knowledge of each of the flux densities. Our problem is to
find a method that will enable us to infer the ¥Rj for the human organ when
we have determined the response of our measuring instrument to the incident
radiation. 1In practice, we must usually do this without detailed knowledge
of either the kj or the ;.

The key to the solution of this problem for natural environmental radiation
fields is the fact that the energy and angular distributions of the flux
densities of the important components, namely cosmic-ray muons and electrons
and terrestrial photons, have fairly constant shapes from place to place
(2). For example, Beck (3) has shown that the terrestrial photon energy
spectrum at one meter above the ground is not sensitive to the relative soil
concentrations of potassium, uranium, and thorium. As a consequence, the
responses, R;j, of any detector are approximately proportional to the ampli-
tudes of the total flux densities (= I @i(E,Q) dE d(?). They may be
calibrated against these amplitudes or any other quantity proportional to
them, such as ionization rate or absorbed dose rate in air (since charged
particle equilibrium approximately holds in free air) or kerma or exposure
rate for photons. For example, equation 1b can be modified to

where the absorbed dose rate, b-

is is

b, = ” q; (E) 84(E,Q) dE d0 = q43;

with g being the collision stopping power for charged particles and the
product of the energy and the mass energy transfer coefficient for photons.

Although many envirommental radiation measurements are reported in terms of
these quantities, this is but an intermediate step on the road to human dose
assessment. The measurement defines the radiation field in the absence of
the human body, i.e., the irradiation conditions. However, this is all the
information that is needed to calculate the absorbed dose to human organs in
the presence of the human body. Such calculations have been performed and
reported by O'Brien and McLaughlin (4) and O'Brien and Sanna (5) for cosmic-
ray particles and terrestrial photons, respectively. These data can be used
to derive a calibration equation of the same form as equation (2) for each
organ dose rate, to an accuracy of the order of + 10 percent.

In the following two sections, we illustrate this methodology of calibration
with two very different types of detector.
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3. IONIZATION CHAMBER CALIBRATION

Our standard ionization chambers for environmental radiation measurements
are 25-cm diameter steel spheres with walls of 2.6 g cm® thickness con-
taining 25 atm of argon. The walls absorb any external alpha and beta
radiation, and cosmic-ray neutrons lose very little energy in collisions
with the argon atoms. This digscrimination is useful since the terrestrial
photons and cosmic-ray charged particles that produce most of the response
are also the main contributors to dose tLo man (2).

The calibration of these chambers has been discussed in detail by DeCampo
et al. (b). The gamma-ray response per unit flux density, exposure rate, or
absorbed dose rate in free air is determined in the laboratory at various
photon energies, and these data are used to infer the response to a typical
spectrum of energies in the environment, The response to cosmic-ray charged
particles is more difficult to determine in the absence of standard fields
of known properties. Initially, we inferred the cosmic-ray response as a
function of altitude by field measurements at various altitudes along with
simultaneous determinations of the exposure rate by means of a gamma-ray
spectrometer system (7). The inferred gamma response of the ion chamber was
then subtracted from the total to yield the desired response. At later
dates, we have performed theoretical analyses of the response to cosmic-ray
muons and electrons (6,8) using published particle energy spectra (2,9).
These yielded values for the response per unit flux density, ionization
rate, or absorbed dose rate in free air in close agreement with the inferred
experimental values when the sea-level ionization rate was taken to be 2.1
ion pairs em™2® s”% (7).

The relation between the total instrument response to terrestrial photons
and cosmic-ray charged particles and quantities such as the absorbed dose
rates in free air (Di) from these two components of the total field can be
expressed as

where k , and k, are the calibration factors derived as described above for
the two components. As it stands, this equation is inadequate to define,
the gield with a s%ngle measurement, R, since it contains two unknowns, D
and D.. However, D. is known as a function of pressure-altitude to an
accuracy of about + 5 percent (7,9). Thus, a determination of barometric
pressure at the time of measurement will permit the inference of D, and
equation 3 can then be used to infer D,. These two parameters can be used
to obtain organ dose by applying the appropriate conversion factors from
references (4) and (5).

Y

4. TLD CALIBRATION

The procedure for calibrating thermoluminescence dosimeters (TLDs) in envi-~
ronmental radiation fields is similar to that for the ionization chambers,
but involves several different problems. Both the ionization chamber and
TLD responses are approximately proportional to absorbed dose in the
detector medium, but the stored energy in the TLD is gradually accumulated
over the time of exposure. Many of the special problems in the use of TLDs
in environmental applications have been discussed by Burke (10).

Our TLD packages for environmental radiation measurement consist of five
LiF (TLD-700) ribbon dosimeters (3.2 X 3.2 x0.9 mm) mounted in a lucite
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container providing at least 0.37 g cm ® thickness around the ribbons. This
thickness is sufficient to provide electronic equilibrium during calibration
and to shield against external alpha and beta radiation. The gamma calibra-
tion is accomplished in a *37Cs beam in the laboratory and expressed in
thermoluminescent response (integrated counts) per unit exposure. Studies
of the response of such dosimeter packages as a function of photon energy
and angle indicate that this calibration is also applicable (to within a few
percent) to exposure in environmental photon fields.

The calibration of the response of these-dosimeters to cosmic radiation is a
more difficult undertaking. 1In late 1974, we exposed bare ribbon dosimeters
to an 8 GeV muon beam of the Alternating Gradient Synchrotron at Brookhaven
National Laboratory. This experiment (8) established that the thermolum-
inescent response per unit absorbed dose in the ribbon for such muons equals
that for 0.662 MeV photons, and that simple cavity theory using restricted
stopping powers yields a correct value for absorbed dose in the dosimeter.
This theory was then applied at other muon energies, and the results were
weighted according to the shape of the cosmic-ray muon spectrum. The net
‘result was a calculated response to these muons per unit absorbed dose in
air that is 15 percent lower than the analogous value for environmental
photons. We would expect that the response to high-energy electrons in the
cosmic radiation would be comparable to that for the muons. However, the
theoretical considerations here are more complex, and it appears that the
usual cavity theories do not yield accurate results (11). This point is of
some relevance to medical dosimetry.

The gamma and cosmic radiation calibration factors obtained as described
above are inserted into equation 3 to infer ) the mean absorbed dose rate
in air from terrestrial photons over the perlod of exposure. The quantity,
Dc, is determined from an estimate of the mean barometric pressure over the
period of exposure. The interpretation of TLD response in terms of dose to
man is identical to the interpretation of ion chamber response, once by is
determined: -

The validity of these calibration factors has been checked by comparing
four-week integrated exposure data at several field sites obtained with both
our TLDs and a continuously monitoring ionization chamber. The inferred
values for exposure or absorbed dose in free air from photons generally
agree to within 5 percent. Another comparison between the two detectors has
been made in a three-month exposure within the HASL whole body counter
shield, where the bulk of the field consists of cosmic-ray muons and associ-
ated collision electrons. The ratio of the response of the TLDs to the
absorbed dose in air inferred from the ionization chamber data agreed to
within the uncertainties of measurement with our theoretically-derived
cosmic ray calibration factor for the TLDs.

5. DISCUSSION

The consistency checks on our detector response calibration factors dis-
cussed above are indicative of an accuracy in our direct interpretations in
terms of radiation field quantities of about + 5 percent (s.d.). Taking
account of the additional uncertainties in the analytical calculations of
human organ dose and of the idealizations of the human body that are
inherent in such calculations, we estimate the accuracy of the organ dose
estimates to be about + 10 percent (s.d.). It is indeed remarkable that
certain regularities in the characteristics of natural environmental
radiation fields permit the achievement of such a degree of accuracy in dose
assessment from a single measurement or limited set of measurements.
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The same considerations mentioned here for these two detectors also apply to
other detectors. Studies of the energy and angle dependences of detector
response to gamma radiation can usually be carried out in the laboratory,
and a calibration factor derived for typical environmental photon fields
(3). The evaluation of the cosmic ray response is more complicated.
However, the availability of considerable information on the composition,
differential flux densities, and ionization rates of the cosmic-ray compo-
nents (2,9) does make possible a calculational approach to this problem when
the detector geomelry is relatively simple.

The effectiveness of the general methodology of dose assessment discussed
here depends on the availability of information that is independent of the
particular measurement process. The generation of much of this information
for natural radiation fields has been carried out with this particular goal
in mind. The listed references provide guidance to the sources of such
information.

The application of this methodology in other radiation fields requires the
generation of similar types of information so that appropriate detector
calibrations can be derived. This is often the role of gamma spectrometry
in the measurement of photon fields. The field-quantity-to-organ-dose
conversion factors given by O'Brien and Sanna (5) are available for any
photon field. Analogous calculations are in progress for charged particles.

In recent years, the ICRU (12,13) has defined a quantity called absorbed
dose index at a point, which is ''the maximum absorbed dose within a 30 cm
diameter sphere centered at this point and consisting of material equiva-
lent to soft tissue with a density of 1 g em™3". This quantity, and the
related dose equivalent index, is presumed "to meet the need for the
characterization of ambient radiation levels at any location for purposes
of radiation protection'. Although the ICRU reports indicate both
explicitly and implicitly that the index quantities are appropriate for
radiation protection applications, these quantities might also be used
uncritically for the type of dose assessment discussed in this paper.
However, this approach involves measurement problems of a significant nature
that have not yet been sufficiently studied, and yields only an upper-limit
dose estimate that may be quite different from the actual organ doses. 1In
the absence of any information on the ambient radiation field, the index
quantity approach may be the only one available. Since this is not the
case for natural envirommental radiation, the approach to dose assessment
via the determination of field quantities yields more realistic and more
informative estimates. This is particularly important when the ultimate
purpose of dose assessment is the correlation of dose with biological
response.
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THE SURVEYING OF RADIATION ENVIRONMENTS
J. R. Harvey

Central Electricity Generating Board, Berkeley Nuclear Laboratories,
Berkeley, Glopcestershire, UK.
ABSTRACT

A number of conceptual frameworks have been suggested for relating the
results of an environmental survey to personal dose. Environmental para-
meters such as exposure, MADE and dose index have been defined by interna-
tional committees, others such as maximum permissible fluence and dose
ceiling have been suggested in the open literature. These approaches can
be shown to fall into two groups. In one group the survey parameters are
additive, accurately measurable, but not directly related to peak dose
equivalent in the body, whereas in the other they are neither measurable
not additive but are directly related to peak dose equivalent., The advan-—
tages and disadvantages of the two approaches are discussed and contrasted.
In application to a specific radiation environment it can be shown that one
type of approach can (and frequently does in practice) lead to significant
over-estimation of personal dose.

L. THE RELATIONSHIP BETWEEN THE READINGS OF SURVEY METERS AND
PERSONAL DOSEMETERS

Instruments used to survey environments containing gamma, X and neu-
tron radiation are based on the following principles:

The neutron instrument is required to register peak dose equivalent in
the body when radiation is unidirectional and monoenergetic. The reading
of a gamma or X-ray sensitive instrument also corresponds roughly to peak
dose in the body when the radiation is unidirectional since in this case
exposure or absorbed dose in air is closely related to peak dose in tissue.

The instrument designer generally strives to attain isotropic sensi-
tivity for a variety of reasons including the unavoidable practical con-
sideration that he cannot duplicate the mass of shielding in the human body
within a portable instrument. The shielding afforded by the operator's body
is only slight because an average body subtends only 1.5 steradians when the
instrument is held 30 cm away and therefore blocks out only 127 of the radi-
ation in an isotropic environment.

The personal dosemeter is also designed to record peak dose equivalent
in tissues adjacent to its location on the body. The device, however, when
located close to the body is far from isotropically sensitive because it is
heavily shielded from radiation incident for the rear hemisphere.

The personal dosemeter and the survey instrument will therefore only
give the same reading when the radiation is incident from one direction and
when the direction is normal to the part of the body on which the personal
dosemeter is located. In practice, radiation environments are far from °
unidirectional and individuals rarely stationary! 1In many environments
associated with nuclear power, for example, the radiation incidence is more
nearly isotropic than unidirectional. In any event the basic philosophy of
radiation measurements should be able to take account of all possible
radiation environments ranging from unidirectional to isotropic.

The relationships between the readings of the "perfect" survey meter

and the "perfect" personal dosemeter for two notional isotropic radiation
environments are given in Table LI.
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Response of 'perfect” | Reading of "perfect"
survey meter personal dosemeter
/mrem hr-1 /mrem hr-!
1 MeV neutrons 100 32
660 keV photons 100 83
Total 200 115
10 keV neutrons 100 29
50 keV photons 100 55
Total 200 84

Data extracted from Table 1 (1) which is based on computer
calculations of dose in phantoms.

TABLE 1 Isotropic radiation environments

It can be seen that the readings differ by factors around two. In
environments chosen to maximise the difference, the factor can be as large
as six (l,2); again for isotropically incident radiation.

It is clear that the two devices measure completely different quan-—
tities. In the terminology of ICRU 25 (3), the survey meter measures a
"receptor free' quantity, the personal dosemeter a "receptor' quantity.
The "receptor" is, of course, the human body.

2, THE ADVANTAGES OF USING COMPLEMENTARY QUANTITIES

There is a great deal to be gained by defining a system in which
different quantities are used for personal dosimetry and environmental
survey. If such an approach is not followed and it is assumed that both
types of detector measure the same quantity, then intermal discrepancies
of factors as large as six are unavoidable. This will lead to misunder-—
standings and to a general lack of rigour, particularly in situations where
doses are required to be measured with high accuracy. It can lead, for
example, to unnecessary over—estimation of personal doses as frequently
happens at the present time when personal neutron dosimetry systems are
calibrated on the basis of survey meter readings taken in working environ-
ments where radiation is far from unidirectional.

Receptor free field quantities are not only accurately measurable but
are also additive, so that the value of such a quantity in a composite field
is equal to the sum of the quantities associated with the component fields.
All field quantities, such as electric and magnetic fields, exposure, fluence,
etc., are additive and, in fact, the international standard on quantities,
units and symbols (4) requires that quantities should be additive (para-—
graph B2.1)., Although no receptor field quantity can be additive, doses
measured at a specific depth at a given location on a phantom as measured by
personal dosemeters are additive.

Radiation quantities which have been described in the literature can
be divided into "receptor" and "receptor free" quantities as in Table 2.
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Receptor present i Receptor absent

Dose Equivalent Indices Dose Equivalent Ceiling (1)
ICRU Reports 19 and 25 Harvey, 1975.

(5), (3).

MADE (MAximum Dose Exposure

Equivalent)

ICRU Report 20, (6) Dose in air, free in air.
Dose equivalent at Maximum Permissible Fluence
specific depths in a Burlin and Wheatley, 1971
phantom, e.g. 9

CEC , 1975. (7)
White, 1974. (8)

TABLE 2 Possible Radiation Parameters

A discussion of the advantages and disadvantages of the various para-
meters is outside the scope of this paper which merely attempts to make the
point that two complementary quantities are required for a self-consistent
and rational approach to the specification of radiation environments. Two
appropriately complementary quantities for example would be "dose equiva-
lent ceiling" and an analagous, additive receptor quantity. Alternatively,
a receptor-free analogue of any given receptor quantity could easily be
specified.

The important point is that in many radiation environments, the
system of quantities should not be such as to encourage the use of field
parameters for estimating the dose rate in a person's body. The field
measurement should be used to define an upper limit on dose rate and hence
an exposure period during which a given dose cannot be exceeded. The dose
to specific parts of the body of the exposed individual can then be
assessed accurately by the use of personal dosemeters. Such a system of
quantities would therefore encourage precision and rigour in health physics
measurements and clearly identify the central role of the personal dose-
meter and the complementary role of the survey instrument.

REFERENCES
(1) HARVEY, J.R. Phys. Med. Biol. 20, 6, 1003-1014 (1975).

(2) DUNSTER, H.J. "Quantities to be measured and the necessity for

records"  Radiation Protection, Philosophy and Implementation.
EUR 5397e,

(3) ICRU. Conceptual Basis for the determination of dose equivalent.
Report 25, ICRU (1976).

(4) 1S0. .International standard on the general principles concerning
quantities, units and symbols. IS0 31/0-1974E (1974).

(5) ICRU. Radiation Quantities and Units. Report 19. TICRU (L971).

(6) ICRU. Radiation protection instrumentation and its application.
Report 20, ICRU (1971).

67



(7N

(8)

(9)

CEC. Commission of the European Communities. Technical recommenda-—
tions for monitoring the exposure of individuals to external
radiation. EUR 5287e (1975)

WHITE, D.F. The relationship between instrument calibration and
the interpretation of measurements in radiation protection
monitoring. UK National Radiological Protection Board, NRPB-ML7
(1974)

BURLIN, T.E., WHEATLEY, B.M. Phys. Med. Biol. 16, 47-56 (1971).

ACKNOWLEDGEMENT This paper is published by permission of the Central

68

Electricity Generating Board.



N© 312

PHYSICAL QUANTITIES FOR INDIVIDUAL AND AREA MONITORING, AND
THEIR ROLE IN RADIATION PROTECTION REGULATIONS

Siegfried R. Wagner

Physikalisch-Technische Bundesanstalt
Bundesallee 100, D-3300 Braunschweig
Federal Republic of Germany

1. THE CONCEPTUAL BACKGROUND

No doubt, the success of radiation protection provisions largely depends

on objective, reliable and sufficiently accurate measurements. Hence meas-
urements of anticipatory and monitoring character have been performed

since the early days of radiology and have gained rapidly increasing impor-
tance with the advent of the nuclear age. But it was usually not so clear
what was measured, i. e. what physical quantity, the procedure of measure-
ments being sufficiently well defined nevertheless. This very unique situa-~
tion in an exact science like radiation physics manifested itself in the
curiosity that the Réntgen was a well defined and since 1928 also inter-—
nationally adopted unit /1/; but not till 1962 the physical quantity it
belonged to was defined by ICRU /2/, namely exposure. This conceptual
vagueness persisted insofar as it remained a contested gquestion, whether
exposure should be considered as (a) a dose quantity, i. e. a gquantity
describing the result of the interaction of radiation with matter (air)
/3,4/, namely something like a specific ionisation; or (b) a radiation
field quantity /5/. The situation gained conceptual improvement by the
definition of the quantity absorbed dose in 1953 /6/, but simultanously,
the easy measurability was lost. As long as only photon and electron radia-
tions were involved, the quantities absorbed dose and exposure provided a
sufficiently safe basis for judging radiation risks and radiation effects.
This was no longer the case with the increasing occurrence and application
of high LET-radiations and the potential hazards caused by radioactive in-
takes. To keep up with these complications without having to abandon a
uniform dose limit considered to be acceptable in radiation protection sur-
veillance, the quantity dose equivalent was at last defined 1962 in its
present form /T/. According to ref. /8,9/ dose equivalent is a weighted
absorbed dose, weighted with dimensionless factors allowing for influences
of radiation quality (LET) (quality factor Q) and other reasons for modifi-
cation (e.g. peculiarity of distribution of radiocactive substances in the
body). These factors are the ratios of the absorbed doses of e.g. the high
LET radiation to the absorbed dose of low LET radiation, both absorbed
doses considered to be equivalent regarding their potential hazard in the
frame of administrative radiation protection regulations.

2. SPECIFICATIONS OF DOSE EQUIVALENT

But as with absorbed dose, dose equivalent is a general quantity which
needs further specification in order to have a unequivocal meaning., In
particular, this concerns the kind of matter in which it is to be deter-
mined, the geometry, and the structure of the irradiated object, and the
site in which it is to be determined within this object. It is in this
quantity that the permissible dose limits are given by ICRP /10/, i. e. in
terms of mean dose equivalents averaged over certain so-called critical
organs. However, this quantity cannot be determined in a routine radiation
protection programme and luckily, there is no need to do so, except in the
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rare cases of gross accidental overexposures where the possibility of
radiation injuries must be considered (cf. No. 91 of ref. /11/).

Notwithstanding, there is a gap between radiation protection regulations
and the practice of radiation protection surveillance. Official regulations
sometimes state maximum permissible dose equivalents without giving the
necessary specifications ol Lhis quantity. But as the numerical values of
these limiting dose equivalents can be traced back to the ICRP-Recommenda-
tions, they are average values in the relevant critical organs. In con-
trast, the results of radiation monitoring are often still stated in terms
of exposure, at least in the frequent case of area or individual monitoring
for photon radiation, and compared to the dase equivalent limits using an
approximate conversion to some dose eguivalent quantity. A different ap-—
proach was used in area monitoring for neutrons. Instruments here are most-
ly calibrated to indicate maximum dose equivalent in a standardized phan-
tom; or measured neutron fluences are converted to that quantity using the
results of calculations.

3. THE DOSE EQUIVALENT INDEX CONCEPT

Regarding conceptual clarity, the situation is really very unsatisfactory.
Taking into account that the need for an accurate determination of organ
doses does not arise in routine surveillance, considering furthermore the
complexity of such determinations and the practical impossibility to per-
form them on the base of the results obtained from a routine individual or
area monitoring programme, but aiming at a general dose limit as mentioned
above, there arises the need of defining a standardized quantity which is
of the kind of dose equivalent. On the one hand this should avoid some of
the geometrical and structural involvement of the human body, on the other
hand it should be more closely related to the results of radiation moni-
toring. The quantity dose equivalent index as introduced by ICRU /8,9,12/,
largely fulfils these requirements. The phantom is a sphere of 30 cm diam-—
eter of given atomic composition and density. This phantom is sufficiently
anthropomorphic for radiation protection purposes, and there is no problem
of its orientation in the radiation field. It then would be reasonable to
state so called derived limits for external irradiation in radiation pro-
tection regulations in this quantity, which is applicable to all kinds of
radiation.

As the dose equivalent index is defined as the maximum dose equivalent in
the sphere mentioned above (the special case of mixed radiations of short
and long range is treated in ref. /12/) it does not lend itself easily to
measurement, but it has the advantage of being so clearly defined that
measuring devices can be constructed, which allow a determination to a
sufficiently close and calculable approximation; and that suitable cali-
bration procedures can be devised.

In order to do so, the relation between the dose equivalent index and the
quantities used until now, as exposure, absorbed dose in air, and particle
flux density, the units of which are realized and distributed by the
National Laboratories, must be investigated by calculation and experiment.
Of course, these relations will depend on incident radiation energy and
directional distribution. Calculations of this kind are being performed at
Neuherberg (CGesellschaft fiir Strahlen- und Umweltforschung).
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4. DISCUSSION OF POSSIBLE OBJECTIONS

A possible objection against the use of the concept of dose equivalent
index as advocated here, is that instruments would be bulky and hence not
suited for use in radiation fields with strong gradients. But there really
is no need for bulky instruments except perhaps for ncutron radiation
where dose build up heavily depends on the size of the irradiated body, as
only the response of the instrument is required to be proportional to the
dose equivalent index, and its physical size is not required to be the

30 cm diameter sphere. This means that the energy dependence of instru-
ments and the calibration procedures must be devised expediently. Another
objection could be that the index quantities by definition always refer to
the center of the sphere and hence are not defined for smaller distances
than 15 cm from the surface of a radiating object. Some transport regula-
tions for radioactive sources prescribe however, that certain limits of
dose equivalent rates not be exceeded at shorter distances or even at the
surface of packages. But it would then be reasonable to change these regu-
lations, as the center of a person probably cannot move closer to that
surface than the center of the sphere. It should be kept in mind however,
that the dose equivalent maximum within the sphere 1s usually not at great
depth, so much the more in very inhomogenous radiation fields. Therefore,
the detector of instruments designed for such situations must also be
small, so they can be moved to short distances from the radiating surface,
irrespective of the fact that the reading relates to the point of nearest
approach of the hypothetical 30 cm sphere.

As for the introducing of the dose equivalent index concept as the basis
of area and eventually individual radiation monitoring, an international
discussion has just begun (e.g. in IEC Technical Committee 45 B). In the
Federal Republic of Germany, however, there is some realistic expectation
that it will be introduced in radiation protection practice quite soon via
a new German Standard (DIN).
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REALIZATION OF DOSE MEASUREMENT IN RADIATION PROTECTION

by Herbert Reich
Physikalisch-Technische Bundesanstalt,
D-3300 Braunschweig, Federal Republic of Germany

SUMMARY The dose quantities (a) to be realized by primary standards
and (b) to be assessed by radiation protection instruments
are discussed. For photons up to one MeV the "exposure" will
retain its prominent position only with regard to primary
standards, for radiation protection field instruments the
ICRU~concept of "dose equivalent index™ appears to be better
suited. It may be approximated by measuring dose equivalenis
in two different depths. The design features of an instrument
are outlined.

1. INTRODUCTION

Each instrument intended to be used for quantitative measurements re-
quires calibration, and for this purpose an exact assessment of the
quantity to be measured. Up to now it has been an unwritten rule that
the national laboratories, using primary standards, had to determine
the units of those quantities which had to be recorded by field in-
struments. Through the calibration chain the quantities remained un-
changed.

Dosimetry was no exception to this rule for 50 years; the quantity ex-
posure with its unit, the roentgen, played the dominant role. This has
now changed. The exposure does not meet the present demands on account
of the restricted energy region and the special reference medium air,
and in regard of its restriction to indirectly ionizing radiation. In
radiation protection it is necessary to distinguish between three ty-
relationship to the quantity to be determined, the dose to the body
and its organs. The definition gquantity needs not necessarily be easi-~
1y measurable, but it shall be "safe” (without exaggeration;, simple,
logical, unique and applicable to all kinds of radiation. 2) The
quantity for primary standards, which shall be easily reproducible in
standard laboratories all over the world, in particular as regards
materials and geometrical parameters. 3) The_special purpose guaniity
for application to dosimeters in the field, which may contain further
simplifications and restrictions but fulfils certain requirements for
estimating the doses produced in exposed workers. As a consequence of
this differentiation, universally approved conversion factors have to

be determined in order to guarantee the international comparability
of measurements.

In the previous paper (Wagner) it was shown, that a definition guan-

tity which satisfies practical requirements is the dose equivalent
index, Hy, of the ICRU. The present paper discusses the two other
guantities and their realization for photon and electron radiation.

2, DOSE QUANTITIES FOR PRIMARY STANDARDS

There is no difference of opinion among specialists that for photons
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up to about 1.3 MeV for primary standards the mosi expedient quanti-
ty at present is still the exposure X. The corresponding unit is de-
termined by measurements in air under conditions of secondary elec—
tron equilibrium: at low energies using parallel plate chambers,
above 400 keV using small ijonization chambers with air equivalent
walls., The exposure is defined by only a small number of geometrical
parameters and of material dependent data. Any other quantity refer-
ring to a phantom would require specification of the source-detector
distance, the depth in the phantom, the field size and the phantom
material.

The gquantity exposure was considered so important by the German Stan-
dards Committee that it gave its pendant in terms of absorbed dose,
the quantity Dg = (W/e)X, the special name "Standard-Energiedosis™.
(W/e, the mean energy for producing an ion pair in air divided by
the elementary charge, can be regarded constant independant of ener-
gy above 5 keV.) The need to introduce Dy was realized in connection
with the introduction of SI units in radiology.

Por photon energies between 1 and 50 MeV, for B-rays and high energy
electrons primary standards of different kinds were developed, which
gave more direct access to the absorbed dose in a phantom than the

methods for determining the exposure. These are "ionization chambers

fulfilling the Bragg-Gray conditions™, calorimeters and chemical do-
simeters.

3. THE SPECIAL PURPOSE DOSE QUANTITIES FOR FIELD INSTRUMENTS

The dose equivalent index cannot be determined for all radiation ty-
pes and energies by a single instrument, one needs to find a solution
which takes the demands of radiation protection into account. In the
publication no. 9 /1/, the ICRP recommends a maximum permissible dose
for the skin, which is six times higher than that for the whole body
or the bone marrow. Therefore several international bodies considered
it necessary and sufficient to measure the dose equivalents Hq and Hp
at two different depths, which may be simulated by filters in front
of two detectors., Since the basal cells of the skin lie at a depth
(expressed as mass divided by area) of 5 to 10 mg cm“z, the filter
thickness of the first detector measuring Hq should have a value
within this range, according to recommendations of the CEC /2/. For
the second detector, which indicates the depth dose Hp, a filter
thickness of order 400 to 1000 mg en=2 is recommended.

A study carried out by Jacobi, Kossel and Reich /3/ shows that the
interpretation of the results at these two depths covers all infor-
mation which is necessary in routine radiation protection surveil-
lance. One can assume that - except for rare cases which can be estimated
~ the individual dose measured near the surface of the body is grea-
ter than the mean dose in the deeper lying organs. Hence, the indi-
vidual dose H, measured with low filtration (5 to 10 mg cm‘2) can be
set equal to the skin dose; and that with strong filtration, Hs (400
to 1000 mg cm'z), can be taken as the so called whole body dose.

Different significance was given to the method of measuring H; and Hp
by the German Standards Committee on radiology. It interpreted the
two quantities as an approximation not for certain organ doses, but
for HI as the definition quantity and the base for establishing the
connection to organ doses. The idea is to support the development of
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Figure 1. Radiation quality dependence of the ratios H1/HI,
H2§HI, and Dg (air)/Hy for so called "normal radiation”
(cf. Wachsmann and Drexler, /4/)

an universal practice of calculation and calibration. Figure 1 gives
an impression of how the ratio of the different dose quantities to
the dose equivalent index H_. depends on radiation quality. Here H1
and H2 are assumed to refer to the depths 7 mg em~2 and 1000 mg em™2
respectively in the ICRU-sphere. The incident radiation is assumed to
be uniform in a broad parallel beam. The curves represent an estimate
derived from data of the literature. By definition H, is always the
maximum, all ratios in fig.1 can only be less than 1., It can be seen,
that the surface dose equivalent H, gives a good approximation for

HI up to about 0.4 MV, whilst H2 delivers good results between 0.1

and 10 MV, The fall-off on the left of the Hz/kI-curve reflects the
photon absorption in the thicker front layer at low energies. Indeed,
H1 and H2 cover practically all cases encountered in radiation pro-

tection. In most cases only one quantity = eventually one lying in-
between H1 and H2 - will suffice for routine surveillance.

The DS/H -curve related to the exposure shows a strong dip between
0.1 and 0.2 MV, which reflects the absence of back scattering in
free air compared with the surface dose equivalent H,. This means:
exposure meters in free air (ina unidirectional radiation field) un-
dervalue the skin dose for persons in this location. If, on the other
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hand, the response of the instrument is directionally indepen-

dent and the radiation is incident from many sides, then appreciable
overvaluation compared with Hy may result. Both the under as well as
the overvaluation of the dose, compared with the definition quantity,
make the quantity Dy not very suitable for radiation protection pur-
poses.

An instrument which comes nearest to measuring Hy would have a thin
entrance window and thick side and back walls. In free air it would
have to be turned to find the maximum. It would indicate the skin
dose H, and, with an additional filter, the depth dose Hp. The re~
sponse of this kind of instrument would not depend on whether it is
placed in free air or at the surface of a phantom. Personal dosime-
ters which are worn on the trunk may be thin walled to all sides and
be calibrated in terms of H; at the surface of a phantom,

4. CONCLUDING REMARK

The dose equivalent index of the ICRU, approximated for photon and
electron radiation by the dose equivalents at two different depths
(5 to 10 mg cm~2 and 400 to 1000 mg cm™2) proves to be a suitable
concept for radiation protection purposes. It yields a better ap-
proximation to the guantities needed for assessing individual doses
than the exposure used hitherto. In normal practical cases the dose
values obtained can be expected to be higher than the mean dose to
deeper lying organs of a body (provided the measurement is correct%
but excessive overvaluation in multidirectional radiation fields is
avoided.
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A PROPOSAL TO I R P A FOR A SOLUTION OF THE PROBLEM OF THE S I - UNITS
IN RADIATION PROTECTION AND RADIOLOGY

H. Brunner

Secretary, Fachverband flr Strahlenschutz
c/o Health Physics Division, EIR
CH-5303 Wuerenlingen,Switzerland

1. INTRODUCTIGN

In order to be ready for the centennial of the International Metric Conven-
tion the decisions about the introduction of the SI units have been hurried-
ly pushed through by a small group of metrologists without sufficient con-
sultation and participation of practicians and industry.

This is especially true and grave for the radiological units (Ci,R,rad,rem)
where neither IRPA nor medical societies or their members had a fair chance
to make comprehensive studies, proposals or statements in due time. Fortu-
nately most countries whiech now try to introduce the recommendations into
national legislations have been forced to recognize and reconsider the pro-
blems of the radiological units.

IRPA and its Associate Societies are urged to take advantage of this new
situation and to act immediately in order to work out reasonable and practi-
cable proposals.

2. THE PRESENT SITUATION

The bodies responsible for the SI units have very lately tried to correct

at least a few of the worst drawbacks of the original puristic proposal by
admitting the special names Gray for the unit of absorbed dose and Becque-
rel for the unit of activity. Countries which have tried to adopt the SI
system have either given the "old" radiclogical units a special status allo-
wing their future use side by sids with the new SI units or have been forced
by the arguments from health physicists, radiologists and industry to intro-
duce a moratorium or provisional transition period of five to ten years in
waiting for further international development. Even in the most recent pub-
lications of national or international bodies and in technical or scienti-
fic publications either the old units are still used exclusively or at worst
side by side with the new ones; nobody dares to use the new units alone.

3. A SHORT REVIEW OF PROBLEMS AND ARGUMENTS

for practical applicationthere is no obvious or recognizable need for other
than the o0ld radiological units.

One may not argue in the same way as for the change from non-metric anglo-
saxon units to the metric system. Contrarily to that case the SI units in
radiation protection cannot bring simplification of calculaticns or impro-
ved international standardization because we already have this with the old
units. All we have to expect are practical complications, errors, confusion
and additional calculations. There will be no simplification of calculation
by using SI units because already the old units are decimal ones while the
non-decimal time units for half life or duration of measurements or exposu-
res will remain. Changed conversion factors and the loss of a familiarity
of long years with the orders of magnitude will bring further complications.
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The orders of magnitude of practicable units should provide simple figures
for the mostly used valueg. This is sven recognized in the SI system, e.g.
by admitting the bar = 10~ Pa. Only in radiation protection we would be
forced to use extremely unhandy orders of magnitude. The average citizen

is able to understand prefixes between milli- and kilo-, technicians bet-
ween micro- and Mega-, anything outside this range is even difficult for
scientists, and everybody will have to look up such new ones as attn-, Peta-
or Exa-.

Even in the SI system practical and proven "old" units have bsen preserved
in various fields, such as kWh, eV, atomic mass unit, sea mile, knot, carat,
tex, liter, are, minute, hours, decibel etc. Many of these units need much
more troublesome descriptions by SI units than Ci, R, rad or rem. Thus there
is no real argument against using old and new radiological units side by
side, and the prejudice has been set for other applications and units. Why
should radiation protection and radiology be discriminated compared with
navigation or jewellery 7

An additional reason not to hurry with a decision about units is the fact
that there are yet unsolved problems of radiological quantities such as a
replacement of exposure or a more generally applicable similar quantity, or
questions about dose equivalent and index quantities. These should be settled
before the units can be dealt with in a coordinated way.

A large part of the efforts for better training and information of workers
and of the public and for giving them at least an idea of the orders of mag-
nitude of radiation exposures would be seriously impaired or even annihila-
ted by switching to completely unfamiliar units and magnitudes. We will face
serious accusations of falsification or cheating if we express environmental
releasas in Giga-Bq instead of mCi per year or reduce the dose values by a
factor of 100 through the use of the Gy. That this may have uncontrollable
political, psychological and sconomical effects in today's unstable situa-
tion regarding nuclear power and waste disposal should be quite clear even
to scientists in the ivory tower.

Thus the whole question is no longer a purely scientific problem but has im-
portant practical and even political consequences. We must not forget that
in radiation applications and protection today more than 90% of the work is
done not by scientists but by technicians and workers with only limited ra-
diation protection training.

Discussions at the Washington and Amsterdam IRPA congresses, at a NEA/ICRP
seminar, in the Fachverband fur Strahlenschutz and, as an excellent example,
the "Andersen fairy tale" by J.W.Poston in the October 76 issue of "Health
Physics" showed clearly the large opposition of the practical health physi-
cists against a change (there is an even larger "silent majority"). In Swit-
zerland the Federal Commission for Radiation Protection stated very clearly
and categorically that the old radiological units should be kept together
with the new SI units.

Can we really risk a radical change for the only sake of aesthetics and phy-
sical purism ?

Did any of the bodies recommending the SI units ever do a risk-benefit-cost
analysis ?
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4. SOME ELEMENTS OF A RISK-BENEFIT-COST ANALYSIS

We are urged by ICRP to do an amalysis of the necessity and of the risks,
benefits and costs of any radiation exposure. If we want to remain credible,
it is compulsory that we do the same thing if we want to introduce new quan-
tities or units in radiation protection. Space does not allow to present a
complete analysis, so only a few of the factors which would have to be ana-
lyzed in order to reach an acceptable decision shall be enumerated:

Risks:

- High probability of frequent and grave errors by many orders of magnitude
in radiation protection, radioclogy and radiotherapy with real risks for life
and health (this is a significant difference for radiological units compared
with many other units).

~ Political, psychological and economical risks due to public reactions with
consequences for decisions on nuclear power and waste disposal. These risks
are so serious in the present situation that no scientists may forget about
these practical aspects in favour of purely scientific arguments.

Benefits, Needs:

- No real benefit for radiation protection or radiology has been shoun.

- No real need for a change has ever been expressed by practicians.

Costs:

The proposed shorttransition times of five to ten years without sufficient
time for testing and introduction of new units would provoke a huge amount
of completely unnecessary costs such as:

- Scrapping and replacement or conversion of measuring instruments that still
work satisfactorily and could remain in service many more years; additional
costs for recalibration (even the standardizing laboratories would be flooded
by calibration requests and might be unable to handle those in due time).

- High costs for industry for design and production of new instruments with-
in a very short time, resulting in unnecessarily high investments for exag-
gerated production capacities which would be used only a short time, and
consequently resulting in increased costs for the buyers without an additio-
nal benefit in terms of performance.

- Large expenditures in manyears and money for:

- training and instruction,

- recalculation of limits, working levels and similar complications,

- amendment and replacement of laws, requlations, codes, standards, re-
commendations, textbooks, forms, manuals, handbooks etc., without the
cheaper possibility to wait ‘for other and sufficient reasons for a
replacement or amendment,

- costs of all errors and their consequences which will happen during many
years due toc the forced introduction of unfamiliar units and unhandy
orders of magnitude.

Summing up the probable results of an analysis of the needs, risks, benefits
and costs we find:
- no real or urgent needs
- no real benefits
- plenty of real risks and hazards
- many complications for practical application
- unnecessary and very high costs at a very unfavorable time when funds
are short and urgently needed for much more important applications and
when manpower and training in radiation protection and radiolagy are
barely sufficient for the most urgent needs.

79



- We are buying a "pig in a poke" by adopting a system which has not been
tested or evaluated at all in practice and which is obviously neither
desired nor accepted by the pfacticians.

Can we really take this responsibility as health physicists, scientists and
citizens ?

5. A PROPOSAI FDR A COMPROMISE AND FOR ACTIONS BY I R P A

In order to avoid an unfruitful polarization between supporters and oppo-
nents of the SI units, the only reasonable solution, at least for the deca-
de to come, seems to be the coexistence of the old and new units. There is
no need to hurry with a final solution as the practicians are still happy
with the old units and the SI supporters may use the new ones if they dare.

What we need is sufficient time for a serious, objective and thorough study
of the real needs, problems and possible solutions, including compromises.
The yet open problems of certain radiological quantities must be solved
before we can attempt a final solution for the units. We must improve coope-
ration and should use the available time for sampling the opinions of all
concernsed. Once suitable proposals have been found, sufficient time should
be allotted for a thorough evaluation and practical testing and for assu-~
ring the acceptance by a majority.

These are the reasons for a motion by the Fachverband fir Strahlenschutz to
the General Assembly of IRPA. We believe that IRPA due to its structure and
wide range of members is the predestinated body for coordinating the efforts
towards a solution of this problem. We propose that :

1. IRPA takes action to reconsider and reevaluate the problem of the radio-
logical units in connection with the SI system in order to work out an
optimal and practicable solution without undue risks and costs;

2. IRPA sets up a working group or committee for the management of this
problem;

3. This working group organizes an inguiry among the Associate Societies
and their members with the aim to get representative opinions and pro-
posals on all questions and problems submitted by the working group;

4. The working group evaluates the answers of the Societies and worksout a
proposal for a representative statement by IRPA, proposes further actions
by IRPA, submits the above proposals to the Associate Societies and to
the Executive Council of IRPA in such time that a discussion can be held
and decisions can be taken at the 5th International Congress of IRPA and
at the corresponding General Assembly.

e do not urge you to decide now for or against the SI units. All we ask
for is cooperation, time and support in order to find a satisfactory, rea-
sonable and practicable solution for this and for similar future problems.
We are seeking a solution which will not be introduced before it will be
ready for general acceptance, which will last for a sufficient period,
which we can support with good conscience and from which we will get a real
benefit for radiation protection without unnecessary and undue risks, costs
and complications.
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PROGRAIME D'INTERCOMPARAISON DE DOSIMETRES DANS LA
COMMUNAUTE EUROPEENNE ZN MATIERE DE RADIOPROTECTION
F. Bermamn *), G. Busuoli **), H. Seguin *%%)

*) Commissariat & 1'BEnergie Atomique
*%) Comitato Nazionale per 1l'Energia Nucleare
*%%) Commission des Communautés Buropéennes

Depuis 1964, la Direction Santé et Sécurité de la Commission des
Communaut és Buropéennes procéde, en liaison avec des instituts et labo- |
ratoires spécialisés des 9 Etats membres & des intercomparaisons de dosi~
métres individuels. Ces intercomparaisons ont pour objectif d'améliorer la
surveillance en matiére d'irradiation et de permettre d'effectuer les
contr8les sur une base commune; elles touchent donc directement & un aspect
du contr8le physique, tel que réglé dans la Directive du Conseil des
Communaut és Buropéennes, du ler juin 1976, fixant les normes de base révi-
gées relatives & la protection sanitaire de la population et des travail-
leurs contre les dangers résultant des rayonnements ionisants.

Les travaux portent actuellement sur deux domaines 3

1) Réalisation de programmes d'intercomparaison
(Photons, neutrons, rayonnement BSta).

2) Réalisation d'expériences spécifiques.

1. REALISATION DE PROGRAMMES D'INTERCOMPARAISOHN

Dogsimétres & photons

Des dosimétres intégrateurs ont été irradiés avec des photons dans
des conditions déterminées et les résultats comparés aprés lecture.Tandis
que pour les premi&res intercomparaisons on avait utilisé presque exclusive—
ment des dosimétres photographiques, on a, pour la derniére, utilisé & part
égale des dosimétres & thermoluminescence et un certain nombre de verres
dosimétres. Pour cette derniére intercomparaison des rayons X ont été utili-
sés (tension de 60, 110, 200 et 300 V) et 1'on s'est servi du rayormement
Gamma d'une source 60¢o. Deux dosimétres par participant ont été irradiés
par ua mélange de rayons X et Gamma. 30 instituts de lecture ont présenté
43 séries de dosimétres, chaque série étant composée de 24 dosimétres, dont
20 ont été irradiés et 4 ont servi de témoins. Des examens antérieurs
avaient fait supposer que les pagquets envoyés par poste étaient passés aux
rayons X. Ceci n'a pas pu €tre constaté cette fois.

Les irradiations ont &té réalisées dans quatre instituts, & savoir
au Commissariat & l'Energie Atomique (CEA) de Fontenay-aux—Roses, & la
Physikalisch~Technische Bundesanstalt (PPB) de Braunschwelg, au Rijks—
instituut voor de Volksgevzondheid (RIV) de Bilthoven et & la Gesellschaft
fir Strahlen~ und Umweltforschung (GSF) de Munich. La concordance entre les
instituts ressort du Tab. 1. & la lecture, la valeur mesurée a 4té chaque
fois normalisée sur la valeur de consigne. L'ensemble des valeurs obtenues
est reproduit au Tab. 2.

Dosimétres & neutrons

Une intercomparaison de dosimétres & neutrons (essentiellement des
films & émulsions nucléaires) a été réalisée en 1970 et 1971. Les dosi~
métres ont été irradiés au Bureau Central de Mesures Nucléaires (BCMH) de
Geel avec des neutrons monoénergétiques de 0,5, 0,7, 1,5, 4,5 et 13,6 MeV
et des neutrons d'une source Am—Be. Les écarts systématiques entre les la-
boratoires, constatés lors de la premidre intercomparaison, avalent disparu.
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lors de la seconde. L'expérience a montré également que les neutrons d'énem
gie inférieure & 0,7 MeV ne peuvent pratiquement pas 8tre décelés et que
seules les valeurs de doses provenant des neutrons proches de 1'énergie uti-
lisées pour l'étalonnage étaient décelées. Les énergies plus faibles sont
trés sous—estimées, tandis que les énergies plus fortes sont sur—estimées.
Ce type d'intercomparaison ne permettant & 1'épogque de réaliser
aucurl progres, les expériences ont été suspenduess afin d'attendre la mise
au point de nouvesux dosimétres, elles vont &tre reprises en 1977 par la
GSF de IMunich. On attend une certaine amélioration par dosimétres & Albedo.

Dosimétres & rayommement B8t

Une premiére intercomparaison de dosimétres B8ta est en prépara—
tion; elle sera réalisée an courant de 1976.

2. EXECUTION D'EXPERIENCES SPECIFIJUZS

Journées d'expérimentation & Bologne

En 1974 des dosimétres & thermoluminescence de différents labora—
toires ont été expérimentés en commun au Comitato Nazionale per 1l'Energia
Nucleare (CNEIN) de Bologne. L'objectif principal était de vérifier la re—
productibilité et d'étudier l'enregistrement de doses inconnues.

Fresque tous les appareils de mesure & thermoluminescence se trou-
vant sur le marché européen étaient présents. Les dosimétres ont été irra—
diés avec des rayons X et Gamma sous des conditions déterminées. Pour tes-
ter la regroductibilité, deux irradiations par jour 'avec le rayonnement
Gamma du ©0Co ot des doses d'environ 1 mGy et 20 mGy ont été exécutées pen—
dant 5 jours. La reproductibilité trouvée ainsi était trés bonne, les dé-
vigtions maximales étaient de + 3 e

Pour évaluer des doses inconnues, les dgglm‘etres ont été irradiés
avec des rayons de 77 keV, 180 keV et 1,25 NeV ( Co). Les doses se trou—
vaient entre 1 mGy et 20 mGy. On constate pour les dosimétres étalonnés
avec le rayormement du ©0Co pour 180 keV une sur—estimation de 20 % et pour
77 keV une sur~estimation de 30 %. La concordance entre les différents la—
boratoires se trouvait entre 2 et 4 %.

Journées d.'expérimentation & Fontenay—aux—Roses

Des expériences ont été exéoutées en 1975 avec des rayonmements de
1;:Jhotons monochromatiques de 10 keV & 300 keV et 8,5 MeV au Laboratoire CGen-
al des Industries HElectriques et au bommlssarlat & 1'Energie Atomique de

Font enay-aux~Roses.

La desimétrie de référence était celle du Bureau National de Métro-
logie frangais. Le débit de dose du faisceau de y de capture était exprimé
en "débit de dose absorbée maximal dans un fant®me d—eau" mesuré par la
méthode du C.l

1) Dosimétrie de référence : Un certain nombre de participanis ont irradié
des chambres d'ionisation servant d'étalons de transfert au ~~Co et aux

de capture de 8,5 MeV, avec les épaisseurs de paroi appropriées. Les résul~
tats montrent une trés bonne concordance. Déviation maximale 0,5 % pour le
rayonnement Co, environ 4 % pour le rayonnement de 9 MeV.

2) Irradiations par les P du 6000 : Tous les dosimétres (films, verres,
thermoluminescents) irradiés dans les faisceaux de du OCo doment des
résultats trés voisins de la dosimétrie de référence (figure 1) & condition
de ne prendre en compte que ceux dont 1l'épaisseur de la paroi est suffi-
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sante pour assurer 1'équilibre électronique.

3) Irradiations aux X de faible énergie : La figure 1 montre la grande dis—
persion des résultats pour la raie de fluorescence de 9,9 keV. Cette dis—
persion prov1ent de l'ingdaptation de certains dosimétres aux mesures des
faibles énergies (2 trés dlfferent de celui de l'air, épaisseur de paroi
trop forte).

Pour un méme type de dosimétre - par exemple FLi thermoluminescent
— les résultats des différents expérimentateurs sont remarquablement compa—
rables malgre les différences de conditionnement (épaisseur de paroi). L'ex—
périence & Bologne a montré le m@me effet (voir fig. 2).

4) Irradiations aux P de 8,5 MeV : La fig. 1 montre la répartition des
dosimétres en deux catégories qui se manifestent par deux pics de la
"courbe 9 MeW 3

- les dosimétres & faible Z et faible paroi donnent des résultats
de l'ordre de la moitié de la dose absorbée maximale dans un fantB8me d'eau;

~ les dosimétres de Z élevé et & paroi épaisse (film sous écran de
Pb, ou compteur GM & paroi d'acier) donnent des résultats voisins du double
de la dose maximale dans 1l'eau.

Ce type d'intercomparaison me} simultanément en évidence 1l'accord
sur la dosimétrie de référence ( p du Co) et les difficultés rencontrées
pour faire de bonnes mesures tant au voisinage de 10 keV qu'& celui de 10
MeV. Dans tous les cas l'influence des parois entourant 1'élément détecteur
est déterminante et il apparalt bien qu'on ne peut couvrier toute cette
gamme d'énergie avec un dosimétre unique, & moins qu'il ne soit composé de
plusieurs détecteurs sous des écrans différents.

Les problémes de la dosimétrie des rayons X de faible énergie
étaient bien connus et plus ou moins bien résolus par les détecteurs ther-
moluminescents de Z faible ou par les films & écrans multiples. De plus en
plus, les laboratoires de dosimétrie individuelle vont se trouver confron-
tés & des problémes de mesure de p de forte énergie ( y de capture au
voisinage des réacteurs, rayonnement de freinage auprés des accélérateurs
médicaux). Il est donc nécessaire de pouvoir contrSler périodiquement les
performances des systémes de mesure dans toute 1'étendue de ces gammes
d'énergie.

Journées d'expérimentation & Braunschweig

La Physikalisch-Technische Bundesanstalt procédera cette amnée, en
collaboration avec 14 instituts nationaux des différents pays de la CE, &
1'étude des dosimdtres & neutrons, lesquels seront irradiés avec des neu-—
trons de différentes énergies (the:mlque, monoénergétique dans la gamme keV
jusqu'éd 20 MeV, spectres de fission et spectres de sources radloactlves)

La CCE exprime ses remerciements & tous les participants de la
fructueuse collaboration qui s'est instaurée durant la mise en oeuvre et
1'exécution du programme 4'intercomparaison européen.
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AN INTERNATIONAL CO-ORDINATED RESEARCH PROGRAMME ON NUCLEAR
ACCIDENT DOSIMETRY

F,N.Flakus
Radiological Safety Section
Division of Nuclear Safety and Environmental Protection
International Atomic Energy Agency
Kirtnerring 11, P.0.B.590
A-1011 Vienna, Austria

1. INTRODUCTION

Where fissile materials are being processed in quantities exceeding the
minimum critical amounts, a radiation risk to workers would arise from

the possibility of criticality excursions. Techniques and procedures for
preventing the occurence of such accidental excursions have reached very
high standards. This is very well reflected in the exceedingly small
number of criticality accidents which have been reported so far. 35 criti-
cality accidents have been documented since 1944. Only one criticality
accident has been reported during the last 10 years, a period within which
the world's inventory of fissile materials has been substantially in-
creasing. Despite this very laudable safety record it is generally agreed
that specially designed criticality dosimetry systems should continue to
be available to provide, in case of an accident, information on personal
neutron and gamma ray exposure within required accuracies at required
times for the guidance of the medical services in appropriate medical
treatment of more heavily exposed personnel and for reassuring personnel
who have only been slightly exposed.

2. IMPLEMENTATION OF PROGRAMME

In February 1969 the IAEA convened a panel of dosimetry experts to review
the experience gained in assessing doses to persons exposed to nuclear
radiations in criticality accidents (1), Following the recommendations of
this panel the TAEA, subsequently, established an international co-ordi-
‘nated research programme on nuclear accident dosimetry with the aim of
improving the performance of existing nuclear accident dosimetry systems
and elaborating standardized systems that would perform within criteria
laid down by this panel., The opinion of the experts was that an adequate
system should provide data to enable an initial determination of the
maximum absorbed dose in the body within 48 hours with an uncertainty of
less than 50% of its neutron and gamma components separately, and, if
initial determination yields dose estimates greater than 0.25 Gy (25 rad)
to a significant portion of the body, to enable an estimate within four
days with an uncertainty of less than 25%.

A number of research contracts and research agreements, supporting theo-
retical studies as well as experimental work in the subject area, were
concluded with laboratories in 13 Member States (Bulgaria, Canada,
Czechoslovakia, France, Federal Republic of Germany, Hungary, India, Japan,
Poland, UK, USA, USSR, Yugoslavia).

Research Co-ordination meetings were organized in order to facilitate
exchange of ideas and to avoid undesirable duplication of worke.
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3. INTERCOMPARISON STUDIES

In addition to the regular research co-ordination meetings, international
multilaboratory intercomparison experiments were organized for testing
and calibrating existing criticality dosimetry systems in different
neutron spectra under simulated accident conditions. Since 1970 four
intercomparison experiments were held, at Valduc (France) in 1970, at

Oak Ridge (USA) in 1971, at Vinca (Yugoslavia) in 1973 and at Harwell {UK)
in 1975. In addition to research groups from 13 Member States listed
earlier, experts from Italy and Denmark also participated in the experi-
ments. Some information on these experiments is summarized in Table 1.

Experimont: 1 I III v

Year: 19/0 1971 1973 1975

Harwell

Location: Valdus Oak Ridge Vinca
(France) {usa) (Yugoslavia) {uk)
Facility: C.R.A.C. HPRR RB 2 Viper
Neutron Spectrum: well modarated unmoderated heavy moderated well moderated with broad
peak from 1 keV to 1 MeV
Number of different
raudiation fields 2 3 1 1
utilized
Nurker of criticality
excursions: 2 4 2 2

Number of participating
research groups: 13 17 19 17

Number of participating
Member States: 10 12 13 12

TABLE I IAEA Intaernational Intorcomparieon Experiments on Nuclear Criticality
Accident Dosimetry during the period 1970 = 1975.

A great variety of dosimeters for personnel and area dosimetry were exposed
in these experiments to seven qualitatively different mixed neutron -
gamma_radiation fields. In total ten criticality excursions of the order
of 1017 _ 10 fissions were provided for examining the response of the
dosimetry systems. The neutron- and gamma doses generated ranged from

0.1 Gy - 5 Gy (10 rad to 500 rad). Personnel dosimeters were exposed in
free air as well as mounted on phantoms. Orientational studies, taking
into account the direction of the incident radiation, were made. Sodium
activity measurements in phantom parts were also carried out.Participants
were requested to produce first data within 48 hours of each of the pulses.
Later final data had to be given including information on number of
activated atoms per 1010 atoms, on neutron fluence in defined energy
intervals and on neutron and gamma doses. Detailed information on the com-
ponents of the dosimetry systems employed, the measurement and evaluation
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procedures used and the results obtained at the four intercomparison
studies is reported in Refs.(2,3,4,5,6). The last intercomparison experi~
ment at the Viper facility in the UK with its high intensity component in
the intermediate neutron energy region provided a most stringent test for
the dosimetry systems employed. There were no significant differences
between the mean results obtained by the participants within 48 hours of
the pulse and after full evaluation. However, a significant reduction in
the variation of the results between participants was observed, resulting
in a reduction of the final standard deviation. Variations in the final
mean were up to 20% for neutron dose and up to 25% for gamma dose for all
participants(5). The results demonstrate that several systems are available
now in a number of laboratories throughout the world that perform within
the criteria laid down by the initiating panel in 1969,

4. RESULTS

The work carried out under this co-ordinated research programme by the
contractors in the 13 Member States is reported in about 100 papers
published in the open literature, These publications reflect the improve-
ment of nuclear accident dosimetry systems since 1969, A number of
interesting general points emerged from the intercomparison studies. Only
two more important ones are addressed below:

i) The simpler the measuring system is, the more subsequent complex
analysis is required. Many of the nuclear accident dosimetry systems
that were developed over the last ten years are still evolving and
there is still a diversity of opinion on the optimum method. However,
in order to assist Member States and particularly developing countries
in adopting a criticality accident dosimetry system for the first time,
a comprehensive technical manual on nuclear accident dosimetry is being
prepared by the IAEA with the help of experts from among the participants
in this programme. The description of a minimal acceptable nuclear
accident dosimetry system will be part of this manual (7).

ii) In a criticality accident, dose estimates to the required accuracy can
only be obtained with existing systems if a reasonable approximation to
the actual neutron spectrum involved is readily available, As an aid for
dose evaluations, a compendium of neutron leakage spectra has been
compiled, encompassing the most likely neutron spectra encountered in
criticality accidents. 64 different neutron spectra, presented in
tabulated form as well as graphically, are included in the compendium,
Together with each set of spectral information average cross sections
for a number of common detectors are also given to facilitate the
application of spectral data to dosimetry. It is planned to publish the
compendium under the IAEA Technical Reports Series in the near future(8).

In conclusion it can be said that the co-ordinated research programme pro-
vided a most efficient means for harmonizing multinational efforts and
solving scientific problems in the subject area. The great advantage of the
international intercomparison experiments for the participating experts was
not only the opportunity to compare a variety of individual methods under
similated accident conditions but also the opportunity of access to facili-
ties in different Member States providing unique radiation fields for
calibrating nuclear accident dosimetry systems, -
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ETAT ACTUEL DES METHODES DE MESURE DE LA DOSE GAMMA DANS LES CHAMPS MIXTES

N. Parmentier% A. Ricourtx, V.D. Nguyent, R. Médionix*, J.C. Perrier™

1. INTRODUCTION

Les intercomparaisons sur la dosimétrie neutronique faites dans le cadrede
1'ENDIP (European Neutron Dosimetry Intercomparison Project) au "TNO" et au
"GSF", en 1975, ont permis d'aprds les résultats obtenus de faire un choix
parmi les différents détecteurs utilisés.

5i, & l'heure actuelle, l'utilisation d'une chambre d'ionisation en plasti
que &quivalent-tissus balayée par du gaz équivalent-tissus semble la seule
méthode valable pour la mesure de la dose totale, le choix est moins évi-
dent pour la mesure de la dose gamma.

2.- ESTIMATION DES DOSES EN CHAMPS MIXTES - PRINCIPE (1)

D'aprés le nouveau rapport de 1'I.C.R.U. "Neutron dosimetry for biclogy and
medicine" (sous presse), les doses neutron et gamma sont reliées & la ré-
ponse des différents détecteurs par les relations suivantes

t =
R X, DN + hT D

1 -
T T et R =%k, D, .+ h.,D

G u U "N U G

oﬁDN et D, sont les doses absorb&es neutron et gamma en rad dans les tissus.
kp et k; sont la sensibilité de chaque dosimétre aux neutrons, relative-
ment & Ha sensibilité aux gamma utilisés pour 1l'étalonnage.
h,, et h;; sont la sensibilité& de chaque dosimétre aux photons dans le
champ mixte relativement 3 la sensibilité aux gamma utilisés pour 1'éta-
lonnage avec 1'hypothése couramment admise actuellement hT = hU = 1.

Le paramdtre kT précédemment défini est donné par

by = (/W) - slme), - Slme)y = (Kk ), - (KK )y

T

-1

ol W_ et W_ sont l'énergie moyenne correspondant & la création d'une paire
d'ioﬁs pour les 8lectrons et pour les particules lourdes chargées.

Le rapport WC/W est pris égal & 0,95 (recommandation I.C.R.U.).

K, /K est le rapport du kerma dans les tissus 3 celui du matériau du dosi-
métre utilisé. I1 dépend de 1'énergie des neutrons.

Compte tenu de ces hypothdses, les doses dans un champ mixte sont obtenues
par :

- -1
- = ' — =

T kU) et Dy = R'y; -k Dy avec kp= 0,95 (Kt/Km)N

3. SENSIBILITE AUX NEUTRONS (kU) DES DOSIMETRES UTILISES & 1'ENDIP

Le compteur G.M. utilisé est construit en s'inspirant du modéle de HURST (2)
en ce qui concerne les &crans (plomb — &tain - lithium 6). La chambre

% Département de Protection - Service de Protection Sanitaire
Commissariat & 1'Energie Atomique - BP n® 6 92260 FONTENAY AUX ROSES
** Département de Protection - Service Technique d'Etudes de Protection -

~

Commissarist & 1'Energie Atomique - BP n® 6 92260 FONTENAY AUX ROSES
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4 paroi d'aluminium balayée par de l'argon est construite au laboratoire
(3). Le fluorure de lithium est enrichi & 0,9995 en isotope 7. Les films
sont des §§ulsions Kodak type 1 exposés sous un emballage de plomb

(1,1 g cm °), selon la technique préconisée par D. BEWLEY (k).

Le tableau 1 résume les sensibilités aux neutrons de ces différents dosi-
<
métres.

Energie
neutrons
(MeV) 0,7 2,1 5,5 15 Fission
Dosimétre
G.M. (1) 0,001 0,001 0,002 0,00k 0,001
w, (2) 0,012
M- oar B 0,01k 0,012 0,011 0,13 0,02
Al - Ar (3) 0,017 0,017 0,029 0,127 0,017
Al - Ar (4) 0,019 0,115
Trg (5) 0,011 0,021 0,047 0,16 0,021
Tpri (6) 0,0105 0,014 0,039 0,25 0,053
e (1) o} 0 0,006 0,008 0
Fitm (7 0,001k 0,0015 0 0 0,007

(1) Goodman et Colvett 1974. (2) Lewis 1976. (3) Chemtob et Ricourt
calcul 1973. (4) Ricourt et Nguyen 1975. (5) Wingate et Tochilin
1965. (6) Portal 1975. (7) M&dioni 1975 (réponsesrelatives G.M.
et films).

4. SENSIBILITE AUX PHOTONS (hU) DES DOSIMETRES UTILISES & 1'ENDIP

.

Nous nous sommes essentiellement attachés 3 déterminer la sensibilité dqu
G.M. et de la chambre aluminium-argon utilisés en &tudiant sa réponse dans
des faisceaux monochromatiques de différentes &nergies. Pour le fluorure
de lithium, la courbe de sensibilité est donnée par G. PORTAL (5). La
figure ¢i-centre résume tous ces résultats.
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5. CALCUL DES INCERTITUDES SUR DN et DG : CONTRIBUTION DE kU

Les équations suivantes permettent d'estimer les incertitudes sur Dy et DG:

t 1 \
LDN— ART . ARU LkT +AkU
- t _npt t _pt -
Dy RigR'y  Rig=R'y kT Ky Kpky
AD ' A
G _ ARU . kU DN . DNAkU
| B, L - 1 -
DG R U kUDN RIJ kUDN R U kUDN

Nous prendrons comme exemple les résultats que nous avons obtenus lors de
1'intercomparaison ENDIP, dans le cas ol le rapport D,/D_ est de 0,032
(cas le plus défavorable pour l'estimation de D,) et Geux obtenus lors de
1'intercomparaison INDI (&) pour un rapport DG/DN €gal 0,u5.

51 1'on fait 1'hypothése que l'on dispose d'un dosimdtre gamma totalement
insensible aux neutrons (k. = 0) on peut déterminer l'erreur commise sur
1l'estimation des doses due aux autres paramétres. Dans ce cas, l'erreur
maximale quelle que soit 1l'énergie des neutrons est de + 11 % sur DG et de
+ 3,6 % sur Dy

Dans le cas ol k, varie entre quelques pour cent et 13 %, l'erreur com—
mise sur les dosés peut atteindre + LL % pour DG» dans le cas des neu-
trons de 15 MeV (cas le plus défavorable) mais 1l'erreur sur Dy est de

* 6 % seulement.

Dans le cas des neutrons de fission, k_est de l'ordre de quelques pour
cent et dans ce cas l'erreur sur D, est de # Y %, et sur Dy de + L%
2galement.

6. CONCLUSION

Dans le domaine de la radioprotection, pour les mesures dans l'air, le
compteur G.M. apparait comme un dosimétre gamma satisfaisant, permettant
de déterminer les sensibilités k., d'autres dosimétres. Une réserve cepen-
dant doit &tre faite : les gamma de fission ont un spectre qui s'étend
jusqu'd quelques MeV. Des travaux récents sembleraient montrer une sensi-
bilité élevée h, pourle G.M. aux hautes énergies y :il sera donc nécessaire
de faire cette étude dans des faisceaux monochromatiques de 6 et 9 MeV.

Dans le domaine de la radiobiologie,et de la dosimétrie dans un fantOme
faite dans le cas d'irradiation accidentelle, la sensibilité h. du G.M.
pose un certain nombre de problémes et la preclslon de la connaissance

des facteurs kU doit &tre améliorée.
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STANDARDIZATION OF RADIATION PROTECTION MEASUREMENTS
IN MIXED FIELDS OF EXTENDED ENERGY RANGE

M. HYfert and G.R. Stevenson
CERN, Geneva

1. INTRODUCTION

In stray radiation fields encountered outside the main shield of a
multi-GeV proton accelerator the dose equivalent cannot be measured
directly but has to be evaluated from a series of measurements taking
into account the different radiation components of an extended energy
range. Furthermore the correspondence in the case of such an external
irradiation in such a field between the dose equivalent values estab-
lished by an area measurement (area dose), the dose equivalent accumu-~
lated on a personal monitoring device (personal dose) and the dose
equivalent possibly received by the person in the stray field (whole-
body dose) has to be understood. Clear and simple relations between
these three values exist only for défined irradiation situations which
coincide largely with calibration conditions: dose equivalent distribu-
tions are calculated for parallel broad beams and different types of
particles of various energies in anthropomorphic phantoms. Radiation
survey instruments are exposed to similar beams of known spectral com~
position and the detector response is made to match the calculated
values closely. Personnel dosimeters are irradiated on phantoms and
their reading is interpreted to coincide with the whole~body dose in
defined conditions.

This approach is the accepted procedure in the case of neutrons. For
photon irradiation the assessment of radiation risk is traditionally
made in terms of "exposure" which is transformed into tissue dose by
nearly energy independent conversion factors. Exposure will however,
in the case of an extended field of one-sided incident photons on a
body, underestimate the dose equivalent at nearly all energies and for
many organ sites due to the influence of backscatter (1).

2. AFPROACHES TO STANDARDIZATION

A standardization of radiation protection measurements for all types of
radiation was proposed by ICRU in terms of dose equivalent index (2).
The maximum dose equivalent in a tissue equivalent sphere of 30 cm
diameter either in the shell (shallow) or in the inner core (deep)
should be regarded to be the concept when dealing with whole-body ex-
posures.

Another approach considers for radiation monitoring purposes the loca-
tions of critical organs in the body and arrives at defined and con-
stant depths (3). Keeping the ICRU sphere as the standard phantom
the International E%ectrotechnical Commission (IEC) proposes a fixed
depth of 800 mg cm™ “ as relevant for dose equivalent meters measuring
"depth dose equivalent" for photon and beta irradiation (4).

In the case of neutrons, additivity and cumulativity of doses equiva-
lent can be assured by taking the average value which will result from
Monte Carlo calculations in a phantom over the first centimetre as the
relevant risk parameter (5).
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3. PHOTONS

Considering the depth dose equivalent Hp behind a fixed depth of

800 mg cm~ < as representative for a whole body exposure, this quantity
is ocompared with tissue dose derived from exposure Hp and the shallow
dose equivalent index Hy over an energy range from 10 keV to 10 MeV
(fig. 1). An estimation of Hp was based on results for an elliptical
phantom between 100 keV and 10 MeV. Not much difference is expected
when changing the phantom to the ICRU sphere. (6). As around 100 keV

a good correspondence was found between calculations and reported
phantom measurements, the curves were extrapolated to lower energies.
It can be seen that tissue dose Hp based on an exposure measurement
will underestimate Hp over a wide range of photon energies. Depth
dose equivalent Hp 18 however a good approximation to shallow dose
equivalent index Hy from 10 MeV down to 70 keV. For lower energies
the skin dose equivalent(not defined by ICRU)has to be considered in
specific situations to be the limiting quantity rather than Hj.

In some cases existing survey meters have to be modified only slightly
to assess depth dose equivalent. For comparison the energy response of
a widely used instrument (Babyline; equipped with a TE cap of 800 mgcm=2
and calibrated with photons from Tcs is given. As its reading Hp
stays relatively flat and close to one from 20 keV to 1.2 MeV, it can

be considered as an excellent depth dose equivalent weter for photons.

4. NEUTRONS

In the case of neutrons th~ dose equivalent averaged over the first
centimetre is regarded to be the depth dose equivalent EH which
coincides over a wide range of energies with the shallow dose equiva-
lent index HI (fig. 2). At energies above 10 MeV the deep dose equi-
valent index H will be higher by up to a factor of two for conditions
of monoenergetic parallel broad beams of neutrons which are however not
encountered in real situations, i.e., stray fields of an extended energy
range where the maximum of the dose equivalent is again in the first
centimetre of depth (5). Thus the concept of depth dose equivalent will
remain valid even at higher neutron energies.

The problem at energies above 10 MeV is rather of a practical nature

as conventional moderator instruments will considerably underestimate
the desired quantity. The response function of the Andersson and Braun
moderator as measured by two different authors (Hy and Hj) plotted

in fig. 2 will generally lead to a tolerable overestimation of Hp at
lower energies (7,8). The two points shown in the figure were measured
at CERN at 14 and 500 MeV for a rem ion chamber and show the serious
underestimation of such an assembly at higher energies. Thus moderator
instruments have to be backed up by other measurement techniques where
the activation of 11C from 120 in a plastic scintillator in the case

of neutrons above 20 MeV is widely used. The cross-section for the
{n,2n) reaction is reasonably constant. As furthermore the depth dose
equivalent increases only slowly with energy, it should be possible to
use a single apparent fluence to dose equivalent conversion factor for
typical spectra encountered around high energy proton accelerators.
Pure neutron spectra will lead to a depth dofé‘gquivalent conversion
factor from flux density of 5.5+1.0 cm 2 s~% mrem~! h (9). However,
in hard accelerator spectra, wherz the contribution to the activation
from other hadrons becomes important, a conversion factor of 9.2 % 2.0

cm™ ¢ s~' mrem™ h was found (10).
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5. MUONS

Around a high energy accelerator the muon component can at times
dominate the stray radiation field. Muons behave like heavy electrons
but their bremgstrahlung energy loss only becomes important at ener-
gies greater than 100 GeV., In real cases the energy spectrum of muons
extends up to several GeV and often up to 100 GeV, therefore the frac-
tion of muons that would stop in the body (E, % 100 MeV) and whose
Bragg peak could give rise to highe2r than minimum energy deposition is
unimportant in assessing the radiation risk.

As for other components of the field the depth dose equivalent below
800 mg cm™“ is a realistic approximation of the dose equivalent index
from muons and is properly estimated by using a chamber suitable for
evaluating photon dose equivalents.

6. CONCLUSIONS

The present ideas on the determination of dose equivalent in mixed
radiation fields of an extended energy range are not found to be in
contradiction with the concept of dose equivalent index. 1In all real
situations the more practical approach of depth dose equivalent will
be a good approximation to relevant index quantities.
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COMPORTEMENT DE DOSIMETRES REUTILISABLES POUR LE CONTROLE
INDIVIDUEL DE RADIOPROTECTION

J.~F, Valley, P. Jan, G, Pache et P. Lerch

Institut de radiophysique appliquée, Service de la Santé
Publique, CH 1005 Lausanne et :

Institut d'électrochimie et de radiochimie, Ecole Poly-
technique fédéralé, CH 1005 Lausanne

1. INTRODUCTION

La calibration de dosimétres non-réutilisables du type film photographique,
s'effectue par échantillonnage. A cet effet, un certain nombre de films de
chaque série est irradié 4 wne dose connue et subit la procédure normsle de
développement et de mesure.

Dans le cas du dosimdtre réutilisable, la mesure de la réponse de chaque do-—

RS X . P 2 . 21z
simeétre est non seulement possible, mais en général nécessaire car le procé&dé
de fabrication ne garantit pas une réponse homogéne par lot. De plus, un
contrdle périodique de fonctionnement, motivé par la possibilité de vieillis-
sement ou de défectuosité intervenant en cours d'utilisation, doit également
&tre prévu,

Ces problémes touchent non seulement l'aspect métrologique et la fiabilité du
contrdle, mais ont également une incidence économique, car le parc de dosi-

< - . . . P
meétres et son entretien représentent un investissement €levé,

2, METHODES DE CALIBRATION ET DE CONTROLE

La méthode de calibration, consistant & vérifier que la réponse du dosimétre
est situfe entre deux limites judicieusement choisies, a été largement utili-
sée, Le test périodique de fonctionnement est alors effectué de la méme ma—
niére. L'alternative que nous avons choisie et qui consiste & attribuer &
chaque dosimétre un facteur de calibration par €lément sensible, est devenue
pratiquement possible par l'emploi d'un ordinateur pour la gestion du contrd-
le. Les avantages de cette technique sont les suivants

- meilleure surveillance du comportement des dosimétres en cours d'utilisa~
tion

- possibilité d'@tablir un rapport précis entre les doses enregistrées par
différents €léments sensibles du dosimétre en vue de qualifier le rayonne-

ment

- gestion optimalisée du parc de dosimétres par une &limination plus sélecti-
ve,
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3. PROCEDURES DE CALIBRATION ET DE CONTROLE

Le systéme de mesure utilisé est l'installation Harshaw 2271. Le dosimétre
comprend deux &1l8éments sensibles (cristaux thermoluminescents au LiF) et un
code d'identification.

A leur réception, lgs dosimétres, aprés mise & zéro, sont irradiés & une
dose de 80 mrad de 0Co sur un carrousel. La lecture est effectuée 24 heures
aprés l'irradiation. Le facteur de calibration est déterminé & partir de
cette réponse, corrigée pour tenir compte du fading aprés 1 mois (voir
réf. (1) et fig. 1). Le bruit de fond est ensuite mesuré pour s'assurer d'un
fonctionnement normal du dosimstre.

Dans les conditions normales d'utilisation, la dose regue est déterminée &
partir des facteurs de calibration et selon un algorithme tenant compte de
la réponse en énergie des dosimétres {voir réf. (2)).

La procédure de calibration est répétée annuellement et les dosimétres dont
1'écart & la calibration initiale est supérieur & 10 % sont &liminés.

Outre les facteurs de calibration, la dose accumulde dans chaque &lément sen-—
sible du dosimétre et le nombre d'utilisation sont tenus & jour. L'ensemble
des informations est géré par ordinateur.

4. RESULTATS

La répartition de la réponse des dosimétres est représentée & la figure 2
pour la calibration initiale et les calibrations aprés 1 et 2 ans d'utilisa-
tion. L'écart standard est de 5.0 % et Jjustifie la calibration individuelle
des Eléments sensibles dont le rapport des réponses est utilisé dens 1l'algo—
rithme de calcul (voir réf, (2)). Les répartitions aprés 1 an et 2 ans 4'uti-
lisation restent centrées & 80 mrad et les Ecarts standards ne se modifient
pas de manidre significative. ‘

Afin de mieux cerner 1'évolution individuelle des dosimdtres, nous avons re-—
présenté 4 la figure 3 les différences observées entre la calibration initia—
le et les 2 calibrations successives. L'écart standard des répartitions qui
est de 2.0 % montre la grande reproductibilité des dosimdtres et du systéme
de lecture.

L'évolution du lot de dosimétres est indiquée au tableau 1. Les dosimétres
£liminés lors d'une calibration ont soit montré une réponse aberrante lors
de la calibration initiale, soit leur réponse aux calibrations consécutives
a varié de plus de 10 %. Si cette circonstance ne peut &tre exclue, le nom—
bre de dosimétres endommagés ou perdus est cependant d'un ordre de grandeur
supérieur,
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Nombre de dosimétres

Lot original 3500
Dosimétres endommagés L7
Dosimétres perdus 69
Dosimétres éliminés lors 9

des calibrations

Tableau 1. Evolution d'un lot de dosimétres

La répartition des dosimétres en fonction de la dose accumulée aprés 2 ans
d'utilisation est donnée 3 la figure 4. Cette répartition est trds représen-
tative du domaine de contrSle, services médicaux, pour leguel les dosimStres
sont utilisés. Aucune corrélation entre la variation de la réponse et la dose
accumulée n'a pu &tre établie comme différents tests 1'avaient laissé prévoir
(réf. (2)).

5. CONCLUSIONS

La méthode consistant a4 effectuer une calibration individuelle de dosimStres
réutilisables pour le contrSle individuel de radioprotection nous apparait
optimale quant & l'exploitation des informations métrologiques et permet de
limiter, dans le domaine des applications médicales, le nombre Ad'éléments
sensibles 3 deux par dosimdtre.

L'incidence de cette méthode sur l'aspect financier du contrdle est positive
car elle permet de gérer avec un minimum de pertes le stock de dosimetres.

Le contrlle annuel de fonctiomnement assure d'autre part la fiabilité néces-
saire aux mesures individuelles.

REFERENCES
(1) J.-F. Valley, G. Pache et P, Lerch, in Proc. Lth Int. Conf. on Lumines—

cence Dosimetry, Krakow-Poland, Vol. 3, p. 977 (197h4)
(2) J.-F. Valley, G. Pache et P, Lerch, Helv. Phys. Acta 49, p. 171 (1976)
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ETUDES DOSIMETRIQUES ET SPECTROMETRIQUES
DE FAISCEAUX X DE FAIBLES ENERGIES (ENTRE 4 ET 25 keV)

E
J.L. CHARTIER+ - A.BAZOGE++ - C.ITIE++

+Département de Protection, STEP/STID, Commissariat 2 1'Energie
Atomique, B.P. n°6, 92260 Fontenay-aux-Roses.France.

++ : . .
Laboratoire Central des Industries Electriques,Fontenay-aux-Roses
France.

1. INTRODUCTION.

Dans des publications précédentes (1), (2), (3), nous avons montré 1'inté-
rét de la fluorescence X pour certains problémes 1iés 2 la radioprotection
et nous avons décrit les moyens de réaliser des faisceaux de rayonnements
monochromatiques ol le débit d'exposition peut atteindre plusieurs Roent-
gen/heure. Ces faisceaux, étalonnés en débit d'exposition constituent un
outil indispensable a 1'étude et la détermination de la courbe de réponse
en fonction de 1'énergie des dosimétres et débitmétres dans un domaine
énergétique ol ils affichent généralement de fortes variations de sensibi-
lité (au-dessous de 100 keV). Nous nous proposons

a/ d'étendre la gamme énergétique des faisceaux disponibles étalonnés vers
les basses énergies (jusqu'a 5 keV).

b/ de réaliser des faisceaux étalonnés de faibles débits d'exposition (jus-
qu'environ 1 mR/h), destinés 2 1'étalonnage des bas calibres des débit-
métres et 1'étude des faibles doses.

2. FAISCEAUX DE RAYONNEMENT X DE FAIBLE ENERGIE - ETALONNAGE.

Alors que la technique de production de ces faisceaux ne pose aucun pro-
bléme particulier (cible de chrome pour 5,4 keV; cible de germanium pour
9,8 keV; cible de zirconium pour 15,7 keV) des difficultés apparaissent
lors de la mesure du débit d'exposition en raison de 1'absorption impor-
tante du rayonnement dans tout matériau, méme de Z faible utilisé dans la
construction du dispositif de mesure.

C'est pourquoi, tout en conservant le principe de la chambre MESH, déja dé-
crite dans (3), nous avons adapté ses caractéristiques aux nouvelles condi-
tions de mesure.

T AT e a0
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Les modifications ont porté principalement sur

a/ la diminution de la masse surfacique des électrodes, abaissée 2 une va-
leur comprise entre 3 et 5 mg/cm”.

b/ la diminution de la distance interélectrodes fixée 2 6 mm dans le volume
de collection,

c/ la diminution de la distance diaphragme d'entrée - plan de symétrie du
volume de collection a 25 mm.

Nous avons entrepris de déterminer expérimentalement le terme correctif da
a2 1'absorption du rayonnement mesuré dans chaque électrode et dans 1l'air.
Puis en réunissant les résultats obtenus dans chaque cas, nous en avons dé-
duit le facteur de correction permettant de "remonter" a 1'exposition au
niveau du plan de sortie du diaphragme de la chambre, 3 partir du courant

d'ionisation mesuré. La courbe obtenue est représentée sur la figure 2
(courbe 1),

Fackur Figure 2
correctif
o Courbe 4
4'4 J \ x " 2-

4,0 |

5 10 A5 Elkev)
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Il nous a semblé souhaitable de confirmer cette courbe en testant la
chambre MESH que nous avons construite sur une installation de référence
équipée d'une chambre absolue a plaques paralléles, en 1'occurence celle
du L.C.I.E., pour le rayonnement de faible énergie (E < 30 keV). Pour les
différentes "qualités'" de rayonnement que nous donnons plus loin, nos ré-
sultats expérimentaux nous ont conduits a la courbe 2 figure 2. Compte
tenu de l'incertitude affectant les mesures, un bon accord est observé
entre les 2 tracés dans la zone énergétique : 5 keV - 20 keV

E = 25 keV H.T. = 30 kV Filtration totale = 4,13 mm Al
E = 16 kev H.T. = 20 kV " n = 1,05 mm Al
E = 12 kev H.T. = 15 kV " " = 0,53 mm Al
E = 8,5 kev H.T. = 10 kV " " = 0,14 mm Al
E = 6,5 keV H.T. = 7,5 kV " " = 0,033 mm Al

Qutre les avantages que l'expérience des chambres MESH nous a permis d'ob-
server (facilité d'utilisation en raison d'un grand volume de collection,
stabilité dans le temps, courbe de réponse indépendante de l'énergie), ce
modéle est caractérisé par un faible courant de fuites : 535.10—1 A,

3. FAISCEAUX DE REFERENCE DE FAIBLE DEBIT D'EXPOSITION (=~ lmR/h)

La réalisation de ces faisceaux est le résultat de 2 programmes complémen-
taires d'expérimentation.

1° - Il était indispensable de conserver la distribution spectrale du rayon-

nement produit, définissant le ' facteur de pureté" F
X
F = fluorescence
total Xeotal = Xfluo * Rdiffuse

Les différentes mesures nous ont amenés aux conclusions suivantes

a/ conservation de la valeur de la haute tension appliquée au tube radio-
géne irradiant la cible 2 la valeur établie dans (1).

b/ diminution de la surface de la cible 2 une valeur voisine de 0,5 cm2,
complétée par une forte collimation du faisceau primaire.

c/ distance cible - plan d'irradiation portée 2 1 mtre.

2° -~ L'étalonnage en débit d'exposition du faisceau monochromatique de fluo-
rescence ne peut se faire sans l'utilisation d'un détecteur complémentaire
d'une sensibilité adaptée a l'intensité des nouveaux faisceaux. Ce détecteur
(NaI(Tl) ou Ge(Li)) utilisé simultanément et en arridre de la chambre MESH
placé dans le plan d'irradiation choisie, délivre une information propor-
tionnelle au courant d'ionisation mesuré. Cette information sert alors de
transfert pour la détermination de 1l'exposition dans les conditions expéri-
mentales de faible débit définies au 1°.

Ces études expérimentales ont été mises en oeuvre pour 1l'ensemble des cibles
dont nous disposions et sur la totalité de la gamme énergétique de la fluo-
rescence X (au-dessous de 100 keV) on peut disposer de faisceaux de débits
d'exposition voisins de 1 mR/h.
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THE RELIABILITY USED IN HEALTH PHYSICS INSTRUMENTATION

S.Mu%fdeka, D.Danilovié, S.Kostié
Institute of Nuclear Sciences "B.Kidri&",
Belgrade, Yugoslavia

1. INTRODUCTION

As a part of the development of instrumentation using transi-
stors has been the expected improvement in the reliability.
Improvements in performance - in particular a considerable re-
duction in the number of setting up and in situ adjustments

and reduction in size have been worth-wile goals. In recent
years the demand and need for greater reliability assurance in
all-solid-state devices continues to grow. Electronic systems
continue to grow more complex and often a system failure may
have immediate and visible impact. Consumers are demanding bet-
ter warranties at a time when service costs are rising rapidly.
Further, a dynamic solid state technology rapidly generates
new devices that offer even greater functional and reliable
potential.

2. RELIABILITY AND MAINTENANCE IN THE LOGISTICS

More recently, logistics (1) is being viewed as the composite
of all considerations necessary to assure the effective and
economical support of a system through its programmed life-
-cycle. It is an integral part of all aspects of system defi-
nition, designe, development, test and evaluation, production
and/or construction, and operational use. In other word, the
prime equipment and the element of logistic support must be
developed on an integrated basis to produce a cost-effective
product.

As an example, individual applicable costs are estimated for
each year, totaled, and are projected as a cost profile in
Fig.l (2). It is clear that the activities in the research
and development phase can highly decrease the costs for ope-
ration and maintenance.

Reliability is the probability that an equipment item will
operate in a satisfactory manner for a specified period of ti-
me when used under stated conditions (3), and is often expres-
sed in term of MTBF (mean-time-between-failures). The recipro-
cal of MTBF is the failure rate ()A), which is a significant
factor of corrective manitenance.

Examples of predicting reliability are given in Fig.2. There
is a comparative analysis of two types of radiation monitors
and two types of digital rate-meters (scaler-timer-h.voltage)
developed in the years 1970 and 1976.

The maintenance concept provides the basis for the establi-
chment of supportability requirements in system/equipment de-
sign (4). The maintenance concept supplemented by the logistic



support analysis, leads to the identification of maintenance
tasks, task frequency and times, personal quantities and skill
levels, test and support equipment, spare/repair parts, facili-
ties and other resources.

Major level of maintenance can be devided in three main groups
(Fig. 3):

- organizational maintenance at the operational site
or whenever the prime equipment is located;

- intermediate maintenance performed by mobile, and/or
fixed specialized organizations and installations;at
this level an item may be repaired by the removal
and replaicement of major modules, assemblies or
parts;

-~ depot maintenance as the highest type of maintenance.

At each organizational level where corrective maintenance is
accomplished one must determine the type and quantity of spair
items to be provisioned and stocked. Also, it is necessary to
know how often provisioning should be accomplished. Spares re-
quired due to system/equipment failure are a function of part
reliability and are based on the Poisson distribution. In pre-
dicting spare parts quantities, one should consider the level
of protection desired (safety factor).

In Fig.4 is given a list of spare/repair parts for the optimi-
zation (5).

3. CONCLUSION

The future of electronics lies in the full development of mi-
croelectronics and optoelectronics. Microelectronic will bro-
aden the use of microcomputers, at a reasonable low cost for
process control, for data collection, life test and for all
routine work. Low costs will a allow multiple redundancy and
raise reliability levels to "fit-and-forget", thus further in-
creasing possible applications.

REFERENCES
(1) Blanchard, B.S.: "Logistics Engineering and Menagement",

Prentice-Hall Inc., New Jersey, 1974. .

(2) MuZdeka S.: "Environmental Monitoring", III International
Summer School on Radiation Protection", Herceg Novi, 1976.

(3) Dombrowski, E.: "Einfihrung in die Zuverldssigkeit elektro-
nischer Gerate und Systeme, AEG - Telefunken, Berlin,1970.

(4) Guyot, C.: "Initiation a la maintenabilité", Dinod,Paris,
1969.

(5) Messinger, M. and Shooman, M.L.: "Techniques for Optimum
Spares Allocation: A tutorial review", IEEE Trans. on Reli-
ability, Vol. R-19, No.4, Nov. 1970.
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A NEW INSTRUMENT FOR QUICK DETERMINATION

OF RADON AND RADON-DAUGHTER CONCENTRATIONS
IN ATR. CONCEPT, ANALYTICAL BASIS, CALIBRATION

CAVEATS, THE EMBODIMENT AND FIELD RESULTS.

J. D. Shreve, Jr., Robert W. Miller James E. Cleveland
Kerr-McGee Corporation MDA Scientific, Tnc. Kerr-McGee Nuclear Corporation
Oklahoma City, Oklahoma Park Ridge, Illinois Grants, New Mexico

Background

That the sum of alpha (o) and beta (B) activities from radon daughters collected
on a filter is roughly proportional to working level (WL) was first noted by Hill
(1,2), just a few months after he had participated in the field trials of two
versions of the MIT Instant Working Level Meter (3,4) both of which proved unde-
pendable for in-mine determinations.(5)

Hill asked Shreve (1,2) to evaluate the idea independently. This led to prompt
confirmation; whereat, Hill modified existing instruments to try the concept as
Shreve engaged in analytical work to explore extentions he sensed were implicit
in the concept. Setting a goal of 4 minutes or less for a complete measurement
cycle, a 2-min sampling time was elected with an effective decay time of 1 min
(counting done from 30 sec to 1 1/2 min after sampling), 3.5 min in all.

Early Computations

The left side of Table 1 reproduces one early set of computations (6). The right
side is a parallel expectation were the same filter recounted at a decay time of
5 min, i.e., with a 30 sec. delay, instrument recycling gives a second WL value.

Remaining Activities (dpm) on Filter from 2-minute Sampling @ 2.51/min and
Ingrowth Working Decay Time = 1 min. Decay Time = 5 min.

Time Level Total Total (o) Total Total (o+8)

Min WL RaA RaB RaC(C") a/B otB WL RadA RaB RaC(C') afB otf WL

6 0.113 528 104 12 540/ 656 5805 212 128 26 238/ 392 3469
: 116 154

12 0.198 665 232 45 710/ 987 4985 267 151 71 338/ 660 3333
277 322

20 0.300 703 390 115 818/ 1323 4410 283 398 152 435/ 985 3283
505 550

30 0.414 " 710 551 223 933/ 1707 4123 285 544 267 552/ 1363 3292

774 811 ‘

45 0.560 710 726 407 1117/ 2250 4018 285 703 448 733/ 1884 ~ 3364
1133 1151

60 0.672 710 845 571 1281/ 2697 4013 285 810 605 890/ 2305 3430
1416 1415

70 0.826 710 980 815 1525/ 3320 4019 285 932 834 1119/ 2885 3493
1795 1766

120 0.903 710 1044 958 1668/ 3670 4054 285 990 976 1261/ 3227 3574
2002 1966

Equil. 1.000 710 1096 1118 1828/ 4042 4042 285 1037 1109 1294/ 3540 3540
2214 2246

TABLE 1 IWLM Foundation Data. Radon-Daughter Collections
from Air with 100 pCi/l1 of Radon as a function of age.

Age of Air Correction

In that 20 min of radon ingrowth was thought the most common situation in uranium
mines, o+f = 4400 dpm was chosen as the reference condition. For ingrowth times
less than 20 min filters would overcount; 'older air' would undercount.{(6) Note,
too, in Table 1, the decrease in a/f with increasing air age. At once, a/f was
recognized as an age of air correlate. Thus, errors inherent to the method can
be corrected as Figure 1 sets forth. Raw second WL observations, multiplied by
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Figure 1 - WL Cotrection via /B curve.

Instrument Design Features

The ultimate embodiment of these ideas - the product of two, extensively tested
prototypes — employs opposed a and B detectors that adjoin a common slot into
which the air filter is placed for counting after the 2-min air sampling; it meas-
ures 2 3/4 x 8 1/2 x 10 1/2 in. and weighs 11 pounds. Detectors and slot are
within a steel shield to suppress y-induced signals. Background is measured dur-
ing sampling and subtracted during filter counting. An outside pump with hose and
filter holder is required. The instrument, now marketed worldwide on a license
from Kerr-McGee Nuclear Corporation by MDA Scientific Inc., Park Ridge, Illinois,
USA, as Model 811 Instant Working Level Meter (7), is pictured in Figure 3.

About 40 WL determinations can be made by judicious instrument use on one full
battery charge. Where high grade ore is mined and y background exceeds 1mR/hr, a
tungsten shield can be substituted for the steel.
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level each contributes. Their sum, is the WL. Their ratio and difference, serve
in age of air correction and radon inference.

b. General Counting Problems - Alpha counting of filters always suffers from
absorption to some degree. Beta-active, short-lived radon-daughters emit y rays,
and alternately, internally convert potential y's to monoenergetic groups of
swift electrons, indistinquishable from the B emissions to the detector. More-
over, B scintillators normally give much less light per particle than does Zns
stimulated by a-particles. In addition, B scintillators are both gamma and alpha
sensitive.

c. Standard Sources-Size and Activity Discrepancies - Source size can be a real
concern in the close, small angle, detector-source geometry commonly employed in
filter counting (8,9,10,11). Calculations made for the IWLM are instructive (12).
IWLM detector apertures are flared nominally from 0.75 in. at 35° to raise the B
count without increasing vy background. Efficiencies computed for sources with
different circular, active areas for the flared aperture and a straight-sided one
0.750 inches in diameter are given in Table 2. The ideal is a calibration source
identical in area and shape to the exposed part of the filter (0.75 in.). Uni-
form activity distribution is imperative. Finally, the active surfaces of source
and sample must be positioned identically with respect to the detector.

Counting Filter Activity
Active Efficiency Daughter -at td = 1 min_Count B Count Potential
Spot % Ingrowth RaA  RaB RaC Ratio Excess Error
Diameter Straight TFlared Time o B B RaB % of In WL
mm (in.) Aperture Aperture (min) dpm dpm dpm RaC Total B %
4 (.157) 33.6 39.2 6 528 104 12 8.67 20.7 +3.7
8 {.314) 32.6 38.5 12 665 232 45 5.16 19.4 +5.7
12 (.472) 30.7 37.0 20 703 390 115 3.39 18.1% +7.6
16 (.630) 28.0 35.0 30 710 551 223 2.47 16.7 +8.7
19 (.750) 25.6 32.5 60 710 815 571 1.48 14.3 +9.5
Equil, 710 1096 1118 0.98 12.2 +9.2

Table 2 - Source-Size Effects Table 3 Age of Air, 8-Count Excess, and WL Errors

d. Standard Sources - Spectral Differences and Extra Emissions - Well made a
sources are crucial. The usual o long~lived emitters cannot match the 6.0 mev and
7.68 mev of RaA and RaC'. Further, filters undercount 3 to 10% due to particle
embedment; lower percentage applies to RaC', upper to RaA. Filter material and
air flow rate are obvious factors. The 2.51/min specified for the Model 811 less-
ens this effect. Yet, the larger dependence of the IWLM upon RaA a's, spells a
count defect of about 5 to 87, less in dry mines than in damp mines.

The problems of B counting are many and elusive. Here again, B characteristics of
standard sources cannot duplicate those of RaB and RaC. Too, 905,90y 4g y-free
and has no conversion elections. And ratio of RaB to RaC varies as average age of
air changes. Nevertheless, with proper study of the several factors, the advan-
tages of doing beta counting along with alpha counting outweigh the uncertainties.

e. Correction Factors — Major B-counting problems and their solutions follow:

1. Beta backscatter from standard sources on metal discs raises § count 12
to 15% above normal. Solution: Use scatterless sources.

2. Supernumerary counts from conversion electron are estimated (13) to be
23% of RaB B activity but only 1.6% for RaC. Table 3 associates this effect with
age of air, corresponding o activity and potential WL error. Solution: Correct
to the 18.1% level starred, (air age 20 min.). Allow for 3% overcount from y rays
emitted by RaB and RaC. Overall, a 217 correction is indicated.

3. Some 10% of the B counts are missed by thinning the Pilot B from 0.125 -
to 0.020-in. to reduce y-response. Even energetic f's entering the scintillator
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at nearly normal incidence generate electrical pulses which fall below the signal
level discriminator. Comparing counts from a B source with Pilot B thicknesses
of 0.020, 0.063 and 0.125-in. permitted quantification of the effect. Fortunate-
ly, increasing amplifier gain and discriminator level keeps the effect about 9%.

4, The o-sensitivity of Pilot B is countered by absorption in the filter
and in the aluminum foil (.0008-in. thick) which covers the Pilot B a light-tight
barrier. Aluminized mylar (=lmg/cm?) covers the ZnS.

f. Alpha-Beta Additivity ~ Final Calibration Scheme - From the introductory sec-—
tion it is clear that both o and R activity must be counted at a net efficiency
of 22.7% ~ 1000cpm/4400dpm. Given that the o counting suffers 6% from self ab-
sorption in the filter; an o standard must count at 24.47 of its dpm rating.

When all extraneous B counting influences are melded into a single corrective
factor, a scatterless Sr-Y source with activity spread evenly in a l16mm diameter
circle should read 21.8% of its activity expressed in dpm. Actual, in-mine tests
of the IWLM indicate that B calibration as low as 20% is acceptable.

g. Comparative Field Tests - Some 6 to 14 instruments have been in daily use in
seven Kerr-McGee, underground mines in New Mexico for more than a year. Even so,
an independent evaluation was requested of the U. S. Mining Enforcement and Safety
Agency (MESA) and Bureau of Mines Research Center (Denver, Colorado) to find the
Model 811 IWLM satisfactory for all in-mine requirements for radon-daughter moni-
toring.

Table 4 summarizes the data collected from January 17 through 19, 1977 at the
Twilight Mine (Uravan, Colorado) by personnel from the MESA, the BuMines Research
Center, MDA Scientific, Inc. and Kerr-McGee Nuclear Corporation

Tsivoglou Model 811 IWLM Kusnetz
Mine Ave. No, One |Ave. No. One Ave. No. One
Location Obs, of Std.|Obs. of Std. |Obs. of Std.
WL Rdgs. Dev.| WL Rdgs. Dev. WL Rdgs. Dev,
Closed Chamber 4.69 8 0.07214.80 20 0.045 |5.48 19 0,111
Air Cleaning Station 0.43 5 0.012{0.41 18 0.017 |0.46 15 0.018
Haulageway 0.172 6 0.01110.195 29 0.0038{0.196 23 0.008

Table 4 - Cross-Comparison of WL Measurements by the Methods of
Tsivoglou, Kusnetz and the Model 811 IWLM. January 1977.

h. Conclusions -~ The Model 811 IWLM, calibrated in the fashion described,
can provide WL assessments at least equivalent to those from Kusnetz deter-
minations in 3.5 min plus a confirmatory measurement in a total elapsed time
of 7.5 min including sampling. Approximation of y field intensity and radon
gas concentration are bonus data. It enables more thorough mine coverage,
quicker diagnosis and correction of ventilation problems, reduction of rad-
iation exposure of miners and more efficient use of monitoring personnel.

No instrument of comparable characteristics is obtainable in the world today to
the knowledge of the authors. It is the product of an idea supported by the
harmony of analysis, engineering design and intensive testing.
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N° 162

ENSEMBLE DE MESURE PORTATIF AUTOMATIQUE DESTINE A LA MESURE
DIRECTE DE LA CONCENTRATION DE Ra A, Ra B et Ra C DANS UNE MINE D!'URANIUM

R. CHUITON* ~ PH, DUPORT*¥* - R, PRIGENT* - P, SAJAROFF**¥

*Département de Protection, STEP/STID, Commissariat & 1'Energie
Atomique - B.P., N° 6 - 92260 FONTENAY-aux-ROSES - France -
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BUENOS-AIRES -~ Argentine -

1, BUT

Ltappareil décrit est un ensemble électronique micro-programmé par
"hardware" qui permet la détermination directe de la concentration en R A,
R B et RCde l'air en picocurie par litre d'air (pCi/L).

La methode (1) et (2) consiste a effectuer un comptage & aprés préldvement
de 1l'air sur un filtre pendant trois temps de comptage différents séparés
par des intervalles de temps différents., Le diagramme des temps est pré-
senté par la figure suivante :

L ; te /3

t1, t2 et t3 sont les 3 temps de comptage.
Compte tenu du bruit de fond de l'ensemble de détection, de l'efficacité
de la détection, de la vitesse d'aspiration de 1l'air et de la durée de
prélévement de 1l'échantillon & analyser, on peut calculer directement la

concentration des 3 radionucléides & partir des équations suivantes :

cRaA = (0,16894 N, . - 0,082 Ng_,, + 0,07753 Ny _30) - %
O p - (10,00122 N, ¢ = 0,02057 N ¢_,o + 0,04909 Ny, ) . £
cRaC = ( - 0,02252 N, 5 +0,03318 No_,q - 0,03771 Nyy_30) - %
avec @
Cp  : concentration du radionucléide i en pCi/L
a 1
Ni.j : nombre d'impulsions pendant les minutes i & j
d : débit d'aspiration de l'air en L/mn
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Le but de cet ensemble électronique est de résoudre d'une fagon automa-
tique les trois équations précédentes & partir des coefficients constants
donnés et de pouvoir, si on le désire, de changer la valeur de ces coef-
ficient & partir d'un clavier de commande.

2. DESCRIPTION DE L'ENSEMBLE ELECTRONIQUE.

La détection des particules alpha est effectuéde d'une fagon classique
4 1'aide d'un scintillateur associé & un photomultiplicateur.

Les impulsions de sortie sont amplifiées et mises en forme avant d'!'8tre
stockées dans trois échelles de comptage qui mettent en mémoire les va-
leurs N2_5, N6—20 et N21_30.

Parallélement ces impulsions sont envoyées vers une autre échelle de
comptage de capacité 106. Cette dernidre voit chaque décade balayée par
un circuit multiplexeur afin de transmettre son contenu dans la mémoire
du circuit calculateur. Ce méme circuit multiplexeur permet d'une part
de stocker en mémoire les coefficients constants de chaque équation et
réalise d'autre part le déroulement du programme de calcul.

Un circuit "horloge" interne permet de programmer les temps d'drret et
de comptage.

La commande des circuits calculateurs est effectuée & 1l'aide de porte
bidirectionnelle de la famille "C-MOS" ce qui permet la mise en paral-
1¢le de systémes différents sans &tre génés par les impédances différentes.

Dans cet ensemble la division de chaque équation par le débit d‘'aspi-
ration "d" est effectude par le circuit multiplexeur. Cette valeur "d"
peut 8tre choisie par 1'opérateur & partir de roues codeuses du type
"contraves",
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ON THE POSSIBILITY OF THE DOSE FORMATION STUDY BY
MEANS OF CERENROV RADIATION

K.A.Trukhanov,V N,Grebenev,V.N,Schlapak
The Institute of Medical-Biological Problems,Moscow

1, IFTRODUCTION

For better insight into the processes of depth-dose distribu-
tion it is necessary to realize in detail the energy distri-
butions of primary and secondary charged particles fluxes in
the irradiated matter, As a rule, these distributions are de-~
termined theoretically, e.g. by solving of Boltzman transport
equation or Monte-Carlo calculation., As regards the experi-—
mental data is hardly availlable since the existing methods

are only adequate in the case of heavy particles, have a limi-
ted range of validity and a low resolution. For this reason

it is hard to verify in detail the accuracy of the calcula-
tions and to obtain the independent information. It is sug-
gested to obtain the energy distribution of particles on the
intensity and angular distribution of ferenkov radiation
which is emitted from the small radiator inserted into the ir-
radiated matter at the point of interest. It should be noted
that the well known methods in high-encrgy physics based on
the use of Cerenkov radiation allow to determine only the
average velocity of fast charged particles for the monodirec-—
tional beam (1,2).

2, DESCRITTION OF HiE LETEOD

A fairly thin plane-parallel Cerenkov radiator d thick is as-
sumed to be located in the irradiated matter, Its position
will be characterized by means of coordinate Z,Cartesian ,
coordinate system X'Y'2 is introduced so that the plane X¥
is coincided with the front surface of the radiator and the

0 Z-axis is the normal to that surface. The direction of
charged particles motion is given by polar and azinuthal ang-
les U, and Yo and the sense of photon emission is given by
anglesf O and Yp . The distribution of particles on the
front surface of radiator is assumed to be ipdependent of co-
ordinates X'Y' and is given by function { (2=0,p,%,%),
whereg& ~is the velocity of the particles in units of speed
of 1ight .

The number of photons emitted with frequency V in the inter-
val AY per unit length traversed by a particle of charge z"e
is given by (3)

A - 27 2 82 (1- 1futge)

where J.=T%7 ~ is the fine structure constant;

(1)

N - is the absolute index of refraction.

This expression assumes that the medium is non-despersive,
that is, the index of refraction is assumed to be constant
over the frequency interval AV of emitted light. Then the
number of photons emitted in the given direction within the
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boundaries of the radiator is determined by the expression:

W 2

Prmax

o NE ) Mdc'fd [i-4hoe] \dint s, |d {op 8 (%)
dQR 1= 7Ry C 4? ? (4 P‘Fp ‘:%.p (uo pvu

fo ° 0 (2
where (max— 1s bhe maximum velocily of particles; oz co30
- 18 the angle of photon emission with respect to the

particle motion direction, The occurence of Dirac delta func-
tion reflects the fact that the particles emit the photons

only at the strictly definite angle @ , which is given by
expression:

0= anccos (gam)-4 ,
(3).
Equation (2) has been derived on the assumption that the va-
riation of distribution function within the boundaries of
the radiator can be neglected.
For the calculation of dose distribution it i1s essential %o
know the energy distribution at the points of interest.
Therefore we have confined ourselves to its obtaining, al-
though the angular distribution of particles can be also
found from the angular distribution and the value of Ceren-
kov flux., Integrating the expression (2) over all directions
of photon emission we obtain the integral relation, which
connects the total flux of ferenkov radiation and the velo-
city distribution of particles

Poman

N(n2) - Aé’ (1-1hge) § (2-0) g "

where
a1 T

A=or28ud; {(z-0p)= JO’ ol Ssm}p {(@-0p%4)d%

The expression (4) is the Volterra integral equation of first
kind, where N (v ,Z ) is the measured experimental value.
The solution to this equation is

f(?':ol g&) = 5‘: [Sacih-]\/(m“ Z>+wff!§-2 /\/G"uz):l

where n'= A .

(5
In the choice of the solution procedure it must be born in
mind that the equation (4) is not well posed as with the
most nuclear spectrometry problems.

The obtaining of the value M (n ,Z ) resolves itself into
the variation of w (e.g., ba replacement of radiator) and
the shift of the radiator inside of irradiated matter. It
should be noted that the integral equation (4) and its so-
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lution (5) are correct also in the case, when the size of ra-—
diator is equal or greater than the lateral dimensions of ir-
radiated region.

With the monodirectional particle beam of known direction of

motion, the simple relation is obbtained from expression (2),

connecting the angular distribution of Cerenkov radiation and
the velocity distribution of particlegs, If the normal to the

surface of Cerenkov,radiator is coincided with the direction

of particle motion, i.e,.

§(2'=O.F.vp| ‘99) = 6(@8('\79)8(“%)
&(%:f‘_ji7> = T_(E\l’&)_‘i a. A/(h,Z"t?g‘upg)

A (?%- '4) o

where T (n ,f&g is a coefficient which takes into account the
dependence of Cerenkov radiation flux emerged from the radia-
tor on the angle of incidence on the boundary between the ra-
diator and medium, Pe = coa Uy

then

3. THE FIELD OF APPLICATION

As it was noted above, with the given function § (2 ,? ), the
dose formation process can be investigated in more detail.,
With electron or positron radiation (including secondary
particles) the production threshold of ferenkov radiation is
reasonably low (e.g., for the medium with w+2:2,4 it is

about 60~+50 KeV), This method allows for the energy distribu-
tions to be determined and the functional to be calculated
from them over a wide range of energy. In the case of heavy
charged particles these possibilities become somewhat fewer
due to the more complicabted interpretation of the results
because of the secondary charged particle generation and the
more high production thresholds of Cerenkov radiation,

This method is especially convenient for the high energy and
intensive fluxes, This fact allows it to be used for the ac~
celerator beam dosimetry, spectrometry and monitoring.
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A CURRENT-TO-FREQUENCY ELECTROMETER CONVERTER

M.V.8obajié
Institute of Nuclear Sciences "Boris Kidrié&",
Beograd - Yugoslavia

1. INTRODUCTION

The dose rate and dose measurements by using the ionization
chambers as radiation detectors request the use of electrome-
ter circuits for low current measurements. The most of existing
solutions use electrometer operational amplifiers, high resi-
stance resistors and electromechanical relays of high insula-
tion (for change of the measuring ranges). For the purpose of
automation of measurements the obtained dc voltages can be con-
verted to frequency using analog to digital convertes. Few ye-
ars ago several types of circuits for immediate current to
frequency conversion were developed without using high resi-
stance resistors (1-4). The operating principle common for the
most of these circuits is that the voltage across an integra-
ting capacitor is controlled by an electrometer amplifier, the
output of which triggers a comparator at a determined voltage
level. The comparator generates a reset pulse which removes a
fixed charge from the integrating capacitor and gives a sig-
nal to digital indicator. To remove the charge the following
switching elements can be used: electromechanical relays, di-
odes, bipolar transistors or field effect transistors. For the
conversion of extremely low currents the best results are ob-
tained with the use of electromechanical relays. For the con-
version of currents in the range of a few decades, higher than
10-12a, the most suitable are bipolar transistors as switching
elements. The basic problem in these solutions is temperature
instability of bipolar transistors characteristics.

In this paper a new solution is proposed for low current to
frequency conversion. For the first time matched pair of enca-
psulated transistors have been used as switching elements.
Thanks to the use of two elements of the same characteristics
it has been achieved that the switching elements became prac-
tically insensitive to the temperature variation and remained
extremely low leakage current. A circuit for current to fre-
quency conversion covering five decades, from 107 25 to 10™7a,
has been realized.

2. CONVERTER CIRCUIT DESCRIPTION
2.1, General description

Block diagram of the proposed converter, on which are given
only the elements essential for explanation of the circuit
operation, is shown in Fig.l. The integrating capacitor Cy is
connected in the negative feedback of operational amplifier A,
This capacitor is discharged by current Icy from ionization
chamber CH and is charged by collector current pulse of tran-
sistor T,.) having constant amplitude I;; and constant duration
T;. The voltage waveforms at the output of the amplifiers A;

123



1
w
CH cH
I\ MULTI -
RS OMPARATOR VIBRATOR —
+
T VCH \‘11
1
= Ic| ‘ + +
! Tet
: -v
| |
| £
: |
L_TrZ_|
c2
—
Rj
e —
1 + b
+
Vi !
- Jr
Rr
Ve
FIG. 1  CONVERTER BLOCK DIAGRAM
Vi
A.

Avgzconst,

0 .L— -—
|
-VZ
— '_T
B V2 =Vapy 4 const.
t
0 -
!
.
C ’_T
I¢y =const.
t
0
B
Ty =const

FIG.2 AMPLIFIERS OUTPUT VOLTAGES AND CAPACITOR
CHARGE CURRENT VS TIME

124



and A, are shown in Figs. 2.A. and 2.B., respectively. The cur-
rent “waveforms, I 1 of the collector of transistor T.; is
shown in Fig.2.C. in the process of conversion there are two
different state:

State I: Switch S1 is off, the amplifier A, output voltage
Vo =V ] 0, collector current "I 1 = 0; In this
s%ate %Re current from ionization cfiamber dischar- .
ges integrating capacitor.

State II:Switch S, is on, the amplifier A, output voltage
vV, =V 1. v collector curr%nt I = V,/R;;

= = ’ = < P
I% thigb%tateeg%tegrating capacitor iglchar%edlby

collector current of transistor Trl'

If we observe the time interval in state I(Fig.2.A.) it can be
seen that current from the ionization chamber discharges the
integrating capacitor C, to the level determined by comparator
connected to the amplifier A,. Then, one shot multivibrator
gives at its output the voltége pulse of constant duration T,.
This pulse switches on S, and the circuit passes to state II.
In this state the integréting capacitor is charged with the
current pulse I of the constant amplitude and duration
(Fig.2.C.). Aftg} completion of voltage pulse from one shot
multivibrator, the switch S, is off,the current pulse becomes
zero, and the circuit passe% again to state I. Thus one cycle
of conversion 1is completed and the ather one started.

There is also a special circuit (not shown in Fig.l) which re-
sets the integrator in the case of high input currents when
the current pulse I is not sufficient for resetting.

2.2. Switching elements operation

The dual matched transistors Tr and T 2 and general purpose
analog switch Sl are used as sw}tching €lements. Grounded ba-
se transistor T is connected to the input circuit of elec-
trometer amplifi&r. Since the collector of this transistor is
virtually grounded the leakage current from base to collector
is extremely low. In the condition of constant temperature it
is possible to produce collector current pulses of constant
amplitude by applying voltage pulses of constant amplitude bet-
ween the base and the emitter. In the condition of variable
temperature, to realize the current pulses of constant ampli-
tude as the voltage base-emitter varies with temperature, the
amplitude of applied voltage pulses shoud vary accordingly. In
the proposed solution it is achieved by transistor Tr2 which

is in the same case as transistor T ,, and therefore at appro-
Ximately the same temperature. TransSistor T 2 with short col-
lected base and collector is connected in thé negative feed-
back of A, amplifier. The colector current of this transistor
is defineé by floating voltage vy and resistor R,. If on the +
input of A, amplifier the voltage V_ = 0, the coilector cur-
rent I., i§ approximately equal to e input current of A, am-
plifier, Icl = I.,, since the base-emitter voltages of bo
transistorsSTare &qual (5). In this way it is achieved that the
current pulse for integrating capacitor charging is defined by
voltage V, and resistor Ry. The equality of currents I; and I
practicaliy do not depend on the variation of temperature since
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Av /AT = Av /AT. This is used to achieve good temperature
st8Bllity of 8RE

tching elements. When the voltage V_ = IrRr =
cl = 0.
The general purpose analog switch S, is used as auxiliary swi-
tching element. When the switch S is off, current I_ passes
from + voltage source through res}stor R,, producing &n the
resistor R_ voltage I R_ = |v [so that vy =0 and I, = 0.

|
When the sﬁitch s 1sroﬁ, the®Rfirrent I_ =0 and v, =% .
~ 71 r 2 ebl
this case Icl = Ii’

In this way, by using voltage pulses of constant duration from
one shot multivibrator circuit, it is possible to produce cur-
rent pulses of constant duration and amplitude.

lveb2|' v, = Vo, = 0 so that the collector current I

In

3. EXPERIMENTS

The following components were used: Electrometer amplifier, ty-
pe 302 K, having tempiiature drift 150 uv/O9C and input leakage

current less than 107+%A; Integrating capacitor C, = 100 pF, po
lystyrene; dual matched transistors T and T ,, %ype AD818, ha
ving Av_, /AT = 5 uv/°C; Amplifier A ,r%ype AD§33, having tempe-
rature 8?ift 15 uv/0C; Resistor R,,“stable wire wound resistor

1 Mohm; Floating voltage Vi adjus%able from 0.7 V to 1.3 V.

The current pulses amplitude was approximately 1 pA and dura-
tion approximately 10 usec. The voltage pulses on integrating
capacitor C, approximately 100 mV. The adjustment of A, ampli-
fier output voltage on the precise value v, = 0, when Switch S
is off is achieved by potentiometer R_. Thé adjustment of con-
verter frequency is ichieved by adjusEment of floating voltage
V,. Sensitivity 1071 A/Hz is obtained. The measuring range achi-
e%ed from 10"12A to 10~7A with the output frequency from 0.1 Hz
to 10,000 Hz. The measured linearity of the current to frequ-
ency conversion at the temperature 25°C was better than 2%. The
temperature circuit stability is examined by varying the tempe-
rature of awitching elements, T 1 and T 2- In the temperature
range from 0 to 50°C the error %as less®“than 0.08%/°cC.
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A NEW DESIGN OF BETA EXTRAPOLATION ION CHAMBER

L. D. Brown,
Department of Medical Physics - University of Aberdeen
Foresterhill, Aberdeen.

1. INTRODUCTTON
Although Haybittle (1) has shown that thin disc shaped ionization chambers
can, under certain circumstances, be used successfully for beta ray dosim-
etry an extrapolation ion chamber of the type first developed by Failla (2)
is generally regarded as the most satisfactory instrument for this type of
measurement . Many such chambers with designs of varying sophistication
have been described in the literature (3-7). Despite this the author
knows of no relatively simple commercially available extrapolation chambers
which can be used interchangeably with corresponding air equivalent wall
photon chambers on dosemeters designed for general use in medical research
centres or hospitals. This has led to a situation where such establish-
ments frequently have calibration problems, for example with beta ray
applicators used in radiotherapy or with personnel dosimeters used in
situations where beta doses are likely to be encountered.

In U.K. hospithals a commonly available instrument is the electrometer type
dosementer (8) and air equivalent wall ionization chamber (9) originally
developed for use during the study of patient doses associated with diag-
nostic radiological procedures which was carried out by a Committee under
Lord Adrian from 1957 onwards (10). This paper reports the development
of a beta extrapolation ion chamber designed specifically for use as a
plug in alternative to the photon chamber in conjunction with the type 37
portable X-ray dosemeter referred to above.

The most widely used of the photon chambers supplied for this instrument
has a volume of 35 cc. and with this the dosementer has ranges giving full
scale readings for dose rates between 30 mrontgen/hour and 6 rontgen/hour,
as well as integrating ranges corresponding to full scale readings between
0.3 mrontgen and 100 rontgen.

2. THE PURPOSE OF THE NEW EXTRAPOLATION ION CHAMBER

Ideally the radiation dose rate at the surface of an extended beta ray
source should be measured by determining the ionization in an accurately
known but infinitely thin layer of air adjacent to the surface. An
extrapolation chamber approximates to this ideal by enabling measurements

to be made for a series of increasing thickness layers; from these a graph
of current against electrode separation can be constructed and extrapolated
back to zero thickness.  Although the presence of the front electrode
between the surface of the source and the sensitive volume of the ion
chamber cannot be avoided, the effect of this too can be eliminated by
taking readings for several front electrodes of different thickness and
again extrapolating back to obtain the reading which would correspond to an
infinitely thin electrode. Finally if a depth dose curve for the source is
to be contructed thick front electrodes can be deliberately used to give

the value of the dose rate below a corresponding thickness of absorber.

The extrapolation chamber described in this paper has two particular
features:

(a) The inter~electrode separation or thickness of the air layer, is
adjusted automatically to any one of five fixed values by turning the
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central electrode to bring spring loaded locating pegs to the appropriate
setting on a step wedge cut into the back plate of the chamber housing.
This eliminates the need for the usual micrometer type adjustment of the
electrode position and greatly simplifies the eventual determination of
the actual dose rate in the chamber. It also ensures that the electrodes
remain parallel when varying the separation.

(L) The area of the collecting electrode is 3.5 cm2 (corresponding to a
radius of just over 1 cm.) This means that instead of the extrapolation
graph being a plot of chamber current against electrode separation, it
can be based on the dose or dose rate reading obtained from the type 37
X-ray dosemeter.

The graph of dose rate against separation is extrapolated back to
zero and a dose rate reading for a separation of 0.1.mm is obtained from
the extrapolated part of the curve. Since the sensitive volume of the
chamber for this separation is 0.001 of that of the 35 cc. photon chamber
the instrument calibration should then be correct if millirontgen are
read as rontgen.

By use of these two special features very rapid measurements of beta dose
distributions can be made without recourse to the relatively lengthy
setting up procedure and detailed calculations associated with the use of
a conventional extrapolation chamber

3. DESIGN OF THE NEW CHAMBER

The principle features are shown on Fig.l. The main parts are constructed
from I.C.I. "Perspex" plastic, and the front electrode is a sheet of I.C.I.
"Melinex" plastic coated with an evaporated layer of aluminium in a

vacuum deposition plant. When it is wsed with the type 37 electrometer
the collecting electrode is connected to the electrometer input whilst the
surrounding guard ring is earthed. The polarising voltage is applied to
the front electrode, but the-300 volts supplied by the electrometer is so
high that if applied directly to the chamber its operation is brought

into the proportional region.

FIGURE I EXPLODED DIAGRAM OF EXTRAPOLATION ION CHAMSBER
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This polarising supply is therefore reduced by a potential divider attached
to the baseplate of the chamber.

Sources of error in extrapolation chambers are commonly associated with the
following faults:

(1) Lack of tension of the front electrode, leading to uncertain chamber
geometry, and typically to the electrode being drawn into the chamber by
electrostatic forces. (This is particularly troublesome if a series of
different thickness electrodes are being used in order to extrapolate down

to zero thickness).

(2) Lack of parallelism of the electrodes leading to a wedge shaped
collecting cavity.

(3) The effect of finite width and depth of the groove between the
collecting electrode and the guard ring

(4) TInadequate insulation resistance between these electrodes.

(5) Back scatter effects arising from the materials of which the chamber
is constructed.

With the chamber under consideration the dimensions have been chosen to be
large enough to ensure that its performance is not unduly affected by the
width and depth of the groove between the electrodes, but not large enough
for serious curvature to be inevitable with thin front electrodes. Further-
more the perspex used in its manufacture not only machines easily and
accurately thus minimising other geometrical errors, but also has a very
high resistivity1§o that the resistance from the collecting electrode to
earth exceeds 10 ohm. The main source of error is therefore probably
associated with scattered beta radiation. Perspex has an effective atomic
number of 6.2L and S rat. (Ratio of electron mass stopping power to that
of air) of 1.066. Since the whole chamber has thick perspex walls and
base the collecting volume approximates to a Bragg-Gray cavity in near
tissue equivalent material and measured doses will correlate closely with
those to be expected in soft tissue.

L. EVAIUATION OF THE CHAMBER PERFORMANCE.

Preliminary readings were obtained with the type 37 X-ray dosemeter
replaced by a Keithley type 602 electrometer. This enabled the polarising
voltage to be reversed and results to be obtained with both positive and
negative ion currents. The measured current is of course the algebraic
sum of the true ion current and the collected beta current - theoretically
when using extrapolation chambers measured positive and negative currents
should be averaged, but using the X-ray dosemeter only the negative ion
current can be measured. Results showed that errors from this are small
so long as care is taken to ensure that the source housing is at the same
potential as the front electrode of the chamber, but any electrostatic
field between the source and the chamber can have an appreciable effect

on the observed dose distribution. Next extrapolation readings were
obtained for various front electrode thicknesses down to 1 mg. per sq. cm.
These plotted sufficiently regularly to confirm that when the front
electrode was properly tightened it did not develop enough curvature to
noticeably affect the chamber volume.
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100
Finally in order to demon-
strate the suitability of the
chamber for practical measure-
ments, a depth dose curve was
constructed for a Radiochemical
Cenlre 7-5r - - 10 mCi
extended area source in capsule
type X112. The readings obtained
are shown on Figure 2 and
correlate well with results
obtained from another
extrapolation chamber of
different design.
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500

mg/l:m2

Depth in tissue equivalent material

CENTRAL AXIS % DEPTH DUSE CURVE FOR RADIOCHEMICAL CENTRE
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ABSORBED DOSE RATE METER FOR B-RAYS

K. Bingo

Division of Health Physics and Safety,
Tokai Research Establishment, JAERI

I. INTRODUCTION

To measure the absorbed dose rate, convenient instruments such as ioni-
zation chamber and GM survey meters for Y-rays do not exist for B-rays.
A major reason is that the absorbed dose rate per fluence rate varies not
only depending on the energy of B-rays but also the epidermal thickness of
tissue (that is, B-rays are rapidly attenuated in media and transmission
in a medium varies depending on the energy of B-rays).

In this paper, a method and an instrument for measuring directly the B~
ray absorbed dose rate independent of PB-ray energy and corresponding to
the epidermal thickness of tissue in interest is investigated.

O. MEASURING METHOD AND SELECTION OF SCINTILLATOR THICKNESS

The conversion factors for electrons from 10_l to 2 x lO4 MeV are given
in ICRP Report 21, but those for B-rays are not given (l). Dose distribu-
tions in air and in water due to point and infinite plane sources of 37 B-
ray emitters were calculated and tabulated by W.G. Cross (2), on the basis
of Spencer’s calculation of electron transport equation (3). The rela-
tionship between absorbed dose rate per fluence rate and the maximum ener-
gy of B-ray, calculated from Cross’s Tables, is shown in Fig. 1. The
parameters, 7 and 40 mg/cm4, in Fig.l are the epidermal thickness of body
skin and finger tips, respectively. The value of fluence rate is defined
on a surface of tissue.

The object of this paper is that the correlation between the counting
rate per fluence rate of instrument and the maximum energy is made equal
to the relationship between the absorbed dose rate per fluence rate and
the maximum energy shown in Fig. 1, by selecting the scintillator thick-
ness and counting the specified pulses.

Fig. 2 shows the pulse height distributions of various B-ray emitters
measured by a rather thick plastic scintillator, e.g. 20 mm. If a rela-
tionship between the counting rate per fluence rate and B-ray maximum
energy could be made equal to the relationship between the absorbed dose
rate per fluence rate and f-ray maximum energy, a following proportional
relation is satisfied,

Bt(Emax) = Ktzf(Emax)a (1)

where, D.(Epa,) is the absorbed dose rate per fluence rate for B-rays
whose maximum energy is Epayx MeV. The suffix, t, represents the epidermal
thickness of tissue in terms of mg/cm*. Ef(Emax) is the counting rate per
fluence rate. The counting rate is obtained by counting pulses selected
with a single channel analyzer according to the epidermal thickness of
tissue. K¢ is a proportional constant (conversion coefficient of counting
rate to dose rate). Then, the absorbed dose rate can be obtained by mul-
tiplying the counting rate by the constant K.

In the case of the pulse height distributions measured by a thick scin~
tillator such as shown in Fig. 2, the proportional relation of equation
(1) could not be obtained extending wide range of energy. The reason is
that the number of low height pulses, such as those between 10 and 20
channels, due to high energy B-rays are too small, for the purpose.
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In order to increase a number of such pulses without varying other factors,
the thickness of scintillator should be made less than the range of high
energy B-rays. Pulse height distributions of 90y B-rays, measured by 1, 2,
3 and 5 mm thick plastic scintillators, are shown in Fig. 3. It is clearly
shown that the pulse height distribution of high energy B-rays varies
depending on the thickness of scintillator.

It was found that the suitable pulse height distribution for obtaining
the proportional relation given in equation (1) was obtained with a 2 mm
thick plastic scintillator.

IoI. EXPERIMENTAL RESULTS

Attempts were made to obtain the proportional relations given in equa-
tion (1), using 40¢ x 2 mmt plastic scintillator as a_ detector and B—rag
sourses such as 358, 4503, 6OCo, 185W, 137Cs, 204T1, 198Au, 24Na, 32?, Oy
and "“K whose maximum energies are from 0.167 to 3.5 MeV. The thickness of
detector’s optical shield is 1.7 mg/cm®.

Fig. 4 shows the pulse height distributions of 355, 60Co, 137Cs, 2047
and 90y B-rays measured using the 2 mm thick plastic scintillator. The low
peak at 106 channel of 137¢s f-rays is due to conversion electrons of 137ga4
and the peak lying from 60 to 70 channels of 90y B-rays is due to B-rays
passed through the scintillator.

The dose sensitivity, sd,t(Emax) is defined as the ratio of counting
rate to absorbed dose rate and is equal to a reciprocal of the conversion
coefficient, Ky. The dose sensi-
tivitg for body skin (t is 7
mg/cm”) was almost constant and
independent of B-ray energy, when
the pulses between 2 and 80 chan-
nels shown in Fig. 4 were counted.
The result is shown in Fig. 5.

The dose sensitivity, Sg,7(Emax/,
is 50 cps/(mrad/hr) and is con-
stant within * 15 % for B-rays
with maximum energy from 0.4 to
3.5 MeV, and the conversion co-
efficient, K,, is 2 x 1072
(mrad/hr)/cps (i.e. 100 cps is
corresponding to 2 mrad/hr).

The dose sensitivity for
fingers, Sd,40(Emax)’ could be
made constant, by counting the
pulses between 26 and 86 chan-
nels, and is also shown in Fig, 5.
54,40 (Emax) is 50 cps/(mrad/hr)
and is constant within * 15 7 for
R-rays with maximum energy from
0.3 to 3.5 MeV. The conversion
coefficient, Ky,, is 2 x 107 )
(mrad/hr)/cps, and is equal to K. N L L R T 7 3 4

In order to measure the ab-
sorbed dose rate of f-rays in a
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Absorbed Dose Rate per Fluence Rate ((mrem / hr) / (n/cm? - sec))

B-Ray Maximum Energy ( MeV )

mixed radiation field of B-rays Fig. 1 B-ray absorbed dose rate per
and y-rays, a 7 mm thick acrylic fluence rate.

resin filter should be used at Parameters in the figure are
the front of the optical shield the epidermal thickness

of the scintillator. Then, the
difference between a level
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Fig. 2 Pulse height distributions of B-rays measured
by the 20 mm thick plastic scintillator.
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Fig. 3 Pulse height distributions of 90Y 8-rays measured
by various thick plastic scintilltors.
Parameters are the thickness of scintillators.

indicated by the dose rate meter in the absence of the filter and a level
indicated when the filter is used shows the absorbed dose rate of B-rays.

The detection limits of the absorbed dose rate for body skin and fin-
gers are 1.7 x 10~2 prad/hr and 9.4 x 10~3 mrad/hr, respectively.

N. CONCLUSION

Absorbed dose rate of body skin and fingers can be measured directly by
multiplying a counting rate by the conversion coefficient for B-rays with
maximum energy 0.4~3.5 MeV and 0.3~3.5 MeV, respectively, using a single
detecter of the 2 mm thick plastic scintillator, and counting the pulses
selected by a single channel analyzer whose lower level of discrimination
and window width are set according to the epidermal thickness of the body
skin and fingers, respectively.
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ETUDE ET MISE AU POINT D'UN REM-COMPTEUR A MODERATEUR ALLEGE
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1. BUT ET DERQULEMENT DE L'ETUDE

5

Nous voulons aboutir & la rédalisation d’un rem-compteur & modérateur
allégé. Ceci suppose :

- que la réponse du dispositif de détection, en fonction de 1'éner-
gie des neutrons, varie identiquement & la courbe d'éguivalent de dose
recommandée par la Commission Internationale de Protection Radiclogique (1)

- que le poids et 1'encombrement de la sonde soient le plus faible
possible, afin de permettre la construction d'un appareil portatif beau-
coup plus léger que ceux gui ont été congus jusqu’alors.

Pour y parvenir, nous sommes partis des deux idées suivantes :

- détecter les neutrons épithermiques présents au centre d'un modé-
rateur, plutét gque les neutrons thermiques habituellement mesurés dans les
rem-compteurs classiques. Leur population, pour des neutrons incidents
d'énergie donnée, doit en effet 8tre maximale pour des épaisseurs de
ralentisseur notablement inférieures & celles qui permettent d'cbtenir,
dans les mémes conditions, le flux maximal de neutrons thermiques.

- Le détecteur idéal de neutrons épithermiques n’existant pas, on
peut s'en approcher en utilisant un détecteur de neutrons thermiques placé
sous cadmium. Si la section efficace de ce détecteur, pour la réaction
considérée, est bien adaptée, seule une faible bande d’énergie sera prise

N

en compte, correspondant & des neutrons en cours de ralentissement.

Cette étude a comporté trois parties :

>

- un calcul théorique préliminaire destiné & vérifier les hypothéses
initiales.

~ la réalisation d'un dispositif expérimental gqui permette de confir-
mer ce calcul et de fixer 1'épaisseur de modérateur la mieux adaptée. Pour
ceci, nous avons choisi d'utiliser, comme partie sensible du détecteur, un
cristal d'iodure de lithium. Cet élémsnt est largement utilisé dans la
technique multisphére.

- 1l'amélioration de la sensibilité du dispositif, en remplagant le

cristal par des compteurs proportionnels & 3He, par ailleurs plus stables
et facilitant la discrimination n-y.

Les résultats auxquels ont conduit les deux premidres parties ont été
rapportés dans (2) et (3). Ils peuvent &tre résumés comme suit :

- le calcul théorique montre que la réponse d'un cristal d'iodure de
lithium nu, placé au centre d'une sphére de 10 & 12 pouces de diametre,
suit correctement la courbe de dose de la C.Il.P.R. Pour une réponse iden-
tique, 1'épaisseur de modérateur est ramenée & environ 8 pouces si le
cristal est recouvert de cadmium. Par contre, la sensibilité est divisée
par un facteur 10.



s

- lLes essais expérimentaux faits & 1l’aide d’un scintillateur ILi
sous cadmium, ont confirmé qu'’une sphére de 8 pouces est la mieux adaptée
4 nos besoins. Sa réponse suit convenablement la courbe de référence
(voir figure 1). En revanchs, sa sensibilité est faible : 0,20 c/s pour
‘1 mrem/h. Il est nécessaire de 1'augmenter pour les besoins de la radio-
protection (facteur 5 si possible).

- C'est ce que nous avons recherché au cours de la troisiéme partie
de 1'étude. Nous résumons ici les résultats de nos essais avec les comp-
teurs & Hélium 3, Ils ont été rapportés en détail par ailleurs (4).

2. PRINCIPE DE FONCTIONNEMENT DU DETECTEUR

a)} Réaction utilisée

La réaction mise en jeu lorsqu'un neutren interagit avec un noyau
d'hélium est la suivante

He s ln > M. %H + 764 Kev
Proton et triton, n'étant pas dans un état excité, perdent leur énergie
dans le volume sensible du compteur. Ils donnent ainsi naissance a des
impulsions d'amplitude proportionnelle & 1'’énergie totale dissipée par
la réaction. La section efficace de celle-ci varie comme suit : elle est
d'environ 5 000 barns a 0,025 eV et obéit & une loi en 1/v dans la gamme
0,001 - 0,1 eV. A 1 keV, elle n'est plus gue de 20 barns, pour devenir
faible (800 mbarns} au-deld de 300 keV.

Le compteur & hélium 3 n'est pas spécifiquement un détecteur de
neutrons épithermiques, tel gue souhaité pour réaliser le rem-compteur.
On peut néanmoins lui faire remplir cet office en le plagant sous une
feuille de cadmium de 0,7 mm d'épaisseur. Ainsi, compte tenu des varia-
tions de section efficace de la réaction 3He (n, p) 3H, on peut considérer
que la trés grande majorité des neutrons détectés ont une énergie comprise
entre 0,55 eV et gquelques keV. Les impulsions résultantes sont donc dis-
tribuées autour d'une valeur moyenne peu différentes de (k. 764) mV avec
une dispersion n'excédant théoriquement pas quelques pour cent.

Notons que les effets parasites (réaction de diffusion élastique,
effets de parois et d’extrémités) gui sont habituellement g@nants pour
1'ytilisation du compteur & hélium 3 en spectrométrie, sont négligeables
pour son emploi en rem-compteur (4).

3. APPAREILLAGE UTILISE

Deux modéles de sondes ont particuliérement été étudiés, chacune
d'un poids approximatif de 4 kg :

- 1'une équipée d'un compteur de type 0,5NH 1/1 KF (0,7 cm3),
placé sous cadmium au centre d'une sphére de polythéne de 8 pouces de
diamétre,

- 1'autre équipée d'un compteur de 5 NH 2,5 K placé au centre d’un
modérateur identigue.
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L'ensemble de mesure est schématisé par le diagramme ci-dessous

J . l >-— Séleefeur
¥
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> ' s Goin ho.*.'aur' de O e JogoV
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Gain 100 0a 1oo tvole - contro le
wli, 1 ;

4. REPONSE EN FONCTION DE L'ENERGIE DES NEUTRONS
a)_sources_de neutrons utilisées : le Van de Graaff de la Section

d'Etudes et de Mesures de Neutrons Rapides de Cadarache nous a permis de
couvrir la gamme d’énergie comprise entre 20 keV et 7 MeV, avec un pas
“tel qu'une vingtaine de points ont été explorés. Une mesure & 14,7 MeV

a été feite & 1'aide des neutrons générés par un accélérateur du C.E.N/
GRENOBLE. Une source de Pu-Be, étalonnée par le LMRI, nous a permis une
comparaison avec des neutrons monocinétiques de méme énergie que 1'énergie
moyenne du spectre qu'elle délivre.

la sonde & étudier est placée a une distance telle qu'elle permette
d’assimiler la source de neutrons & une source ponctuelle, et que le flux
de particules soit suffisant pour obtenir une statistique de mesure accep-

table.

Pendant 1'exposition N impulsions sont analysées par le rem-compteur.
Toutes celles qul ont une amplitude supérieure au seuil de discrimination
sont dénombrées par l'é&chelle de comptage.

%, la fluence neutronique au point d’exposition, est déduite de la
mesure qui est simultanément faite par un moniteur. Celui-ci est placé
dans une direction telle que les neutrons gqu'il détecte aient la méme
énergie gue ceux arrivant sur ls compteur & étudier (symétrie dans le
plan par rapport & la source de neutrons). Une correction d’angle solide
permet de calculer la fluence au niveau du rem-compteur.

Les techniques utilisées pour la mesure de ¢ (5) (6}, permettent de
connaitre ce paramétre avec une erreur ne dépassant jamais 10 %, et dans
la plupart des cas voisine de 4 %.

Toutes cbrrections faites (rayonnement diffusé, atténuation par
1'air, contamination par des groupes de neutrons d'énergies parasites],
1'efficacité du rem-compteur, e, se calcule en reliant N & 9.

c) résultats obtenus

Ils sont traduits par les courbes de la figure 1. L'erreur totale
&/e, obtenue par une combinaison quadratique des errsurs partielles,
n'excéde jamais 5 %.
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d)_sssais_en_centrale nucléaire : nous avons profité d'intercompa-
raisons de mesures de rayonnement, organisées par 1’EDF autour du réac-
teur de la centrale de CHOOZ, pour tester notre rem-compteur dans un
contexte opérationnel, 3 savoir :

- débits de dose allant de quelques mrem/h 3 plusieurs rem/h

- spectres complexes s'étendant de quelques eV a plusieurs MeV

- composante Yy importante.

Nous avons obtenu des résultats en bonne concordance avec ceux donnés
par d'autres techniques de détection (4).

"5. CONCLUSIONS

La réponse du rem-compteur étudié, en fonction de 1' énergie des neu-
trons, sst satisfaisante. Entre 20 keV et 15 MeV, 1'écart avec la courbe
de dose CIPR, n'excéde jamais un facteur 2, ce qui est convenable pour les
besoins de la radioprotection. Entre 0,5 eV, limite inférieure résultant de
la conception de 1'appareil, et 20 keV, aucune mesure n'a été faite, faute
de sources de neutrons. Néanmoins, les bons résultats obtenus lors des in-
tercomparaisons en centrale nucléaire, laissent penser que 1a réponse du
systéme doit Btre correcte aux basses énergies.

~

I1 semble donc tout & fait possible de réaliser un rem- compteur por-
tatif basé sur ce principe. Son poids ne devrait pas excéder 6 kg. Sa sen-
sibilité doit pouvoir &tre encore améliorée par 1l'emploi de compteurs plus
performants.
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A NULUTKRCN DCSIMOTRY SYsThid FOR Usk IN PRCCEESSING PLANTS

J A B GIBSUN
nvirommental & Medical Sciences Division
ALRE, Harwell, Oxon, UK

1. INTRODUCTION

The monitoring of neutron dose equivalent has been a problem over the whole
development period of nuclear energy. In the past, actual exposure to
neutrons at a significant level has been restricted to areas where it has
been possible to use indirect monitoring techniques. These include the use
of the neutron to gamma-ray ratio or the measurement of a small part of the
spectrum as is done with nuclear emulsions (1) or the neutron albedo
techniaue (2) RNuclear fuel processing plants handling 'high burn-up' pluto-
nium present problems due to fission neutrons from curium and plutonium
isotopes and other neutrons from (a,n) reactions. The system discussed
here is designed to work in controlled are¢as where the neutron dose equiva-
lent rate exceeds 0.5 mrem h-1.

For convenience the system may be divided into five major parts,

(i) personnel dosimeters for record purposes over periods up to 1
month,

(ii) pocket alarm neutron dosimeters to provide a warning when an
integrated dose equivalent 1imit is reached and give the integrated dose
equivalent over periods up to 16 h,

(iii) survey instruments to check slow changes in the original conditions,

(iv) installed instruments to warn of sudden changes in the dose equiva-
lent reote,

(v) neutron spectrometry technicues to measure the initial conditions
and to indicate the degree of complexity required for other parts of the
system,

This paper will give a brief description of the dosimeters proposed under
each of the main headings followed by preliminary results of tests in a full
processing nlant and conclusions as to the use of the system.

Ze PERSONNEL DOSIMETERS FOR RECORD PURPOSES

It is expected that the neutron spectrum in a processing nlant will be so
variable that the use of albedo systems alone will not be possible. This
was demonstrated in a processing plant (section 7) where the correction
factor to the CLGB albedo dosimeter (2) varied from 6 to 35 over 9 locations
and the nuclear emulsion dosimeters (1) may underestimate the dose equivalent
by an order of magnitude.

The nrimarg dosimeter (3) chosen for personnel monitoring is based upon the
reaction, Np (n,fission). The fission fragments are detected with a
track recorder of polycarbonate (makrofol type KG) of thickness 10 pm and
area ~ 900 mm2, ihe polycarbonate track recorder is removed from the dosi-
meter after exnosure, etched in hot IIOH solution (7.1 N at 60°C) for 60 min,
washed, dried, and counted in semi-automatic spark counter. The sensitivity
range for + mg of nertunium is from 30 mrem to 10 rem with extension (by
optical counting) up to 5 krem (500 rad) in the case of a nuclear accident.
The dosimeter is worn on the front of a belt, the localised surface skin
dose from the L'37Np is about 11 mrem in 40 h and the background from sponta=
neous fission in the neptunium and impurities is ecuivalent to less than 50
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mrem a—l. The neptunium dosimeter on the body gives an es=entially dose
equivalent response over the energy range of neutrons from thermazl to 10 MeV
(3) except for mono-energetic sources between 20 and 500 keV., However for
all practical neutron spectra considered the total dose equivalent rate can
be measured within overall limits of % 30%.

Two CHGB albedo dosimeters (2) sre included in the present svstem to give a
comparison of the dose equivalent between the front and the back of the
wearer and to give some indication of the orientation and of the neutron
spectrum through the ratio of the albedo to neptunium dosimeters. ¢ther
more complex albedo dosimeters have been rejected because it has been shown
that they do not provide additional unambiguous information (%4). The CiGB
dosimeter has been ifurther simplified by using a two temperature read-out of
a single chip of YLiF to give both gamma-ray and neutron data (5).

3e POCKET ALATM NLUTKRON UCOSIMATLR

The requirements for this dosimeter are an instrument to measure neutron
dose eauivalent at energies from thermal to 10 MeV with alarms at 20 and 100
mrem and a read-out facility at the end of a day, The proposed dosimeter
(AEPE type 0934) is based on an earlier prototype (6) with a reduction in
weight, size and sensitivity to electronic noise. The detector is a low-
pressure proportional counter with hydrogenous walls (for fast neutron
detection > 10 keV) incorporating 3% of nitrogen to provide a dose eguiva-
lent response to thermal and intermediate energy neutrons through the
14N(n,p) 1%¢ reaction. The &HT, amplifier, discriminator and scalers are
based upon thick film circuits to reduce weight and power dissipation. The
Ag-Zn batteries are rechargeable and can be used for up to 16 h on a single
charge. The dosimeter weighs 590 g and is approximately 185 x 80 x 33 mm.
The neutron sensitivity of the dosimeter is 10 counts per mrem and the
accumulated counts are read out on a rcader (AERE type 3745). The gamma-
ray sensitivity is less than 5% of the neutron sensitivity in dose equiva-
lent and the spurious count rate is less than 50 counts in 8 h.

L, SURVEY INSTRUMLNTS

Regular surveysof a plant are necessary to locate slow changes in the dose
equivalent rate due to changes in the fuel cycle. The Anderson-Braun
principle (7) of thermalising neutrons in a large polythene moderator has
been used with a 3He thermal neutron detector developed by Leake (8) (AEKE
type 0075). The existing design is being improved to provide a licuid
crystal display but with little reduction in weight below the present 7 kg.
Recent calibrations have confirmed the response above 50 keV except that
corrections are required for changed fluence-to-rem conversion factors (9)
of up to 60%. A calibration at 25 keV with an Sb-Be source (10) found that
the instrument over-reads by a factor of 4.5 at this neutron energy but
this reduces to ~ 2.7 at around 1 keV. A second instrument (Basson counter
(11)) with a smaller sphere of diameter 63.5 mm has also been developed to
detect beams and to provide gualitative neutron field measurement through
the ratio of the Anderson-~Braun to Basson instruments. This ratio can also
be used to correct the CEGB albedo dosimeter,

5 INSTALLED INSTRUMENTS

Sudden changes in neutron dose equivalent rate can be divided into criti-
cality excursions and other incidents (eg movement of fuel assembly outside
prescribed limits). Criticality excursions can normally be detected by
instruments measuring gamma-radiation but for the second class of incidents
where the levels are not such as to require evacuation, neutron dosemeters
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are reauired particularly where the n/y ratio is large. Installed instru-
ments similar to those discussed in section 4 can be used provided the
neccessary protection is provided (a) against false alarms and (b) against
failure to alarm.

6. NBUTRON SPECTROMETRY IN THE PLANT

The degree of sophistication in the personal and other neutron instruments
is dependent upon (a) the neutron spectrum and (b) its variability between
working areas. The simplest form of spectrometry is based upon instruments
with a restricted energy range eg 10B proportional counter with and without
Cd for epithermal and thermal neutrons, a Basson counter (11) for inter-
mediate energies a Dennis-Loosemore proportional counter (12) for neutrons
> 100 keV and the Anderson-Braun counter from thermal to 10 MeV, VWe have
developed the more sophisticated system based upon moderating spheres (13)
which provides a more detailed spectrum measurement for interpreting instru-
ments. We have also used a “He proportional counter (in Cd) for fast neutron
spectrometry although its insensitivity at 1 mrem h~! means that long
counting times are reguired. The 8 moderating spheres require about 2 h to
obtain sufficient data for analysis. Jt is essential to make measurements
with at least two types of survey instrument at the same time as the
spectrum is measured so thet later routine checks can be used to give
warning of changes in conditions.

7 PRELIMINARY KESULTS FRCM TuSTS IN A PROCESSING PLANT

All parts of the system were tested in a processing plant with the personnel
and pocket dosimeters mounted on water-filled phantoms placed at 9 locations
where the spectrum had been measured with the moderating spheres and survey

instruments. Exposures of up to 1 month were made with regular checks with

the survey instruments. A final repeat measurement of the neutron spectrum

was made including the use of the 3He spectrometer at some locations.

The comparison of the dosimeters is given in table 1.

TABLE 1 Preliminary results for run 1

Loca _ Measured dose egquivalent rate in mrem n! n/Y
tion A-B Basson Hatio* Neptunium CEGB‘Albedo . Ratio
Front Back|Front Back Corrected F+B
(a) () (o) (a) (e) ()] (g (h) (i) (&) (k)
1 0.35 0.047 7.4 [0.37 - |0.035 0.014 0.26 0.026| 1.4
2 0.98 04114 8.6 1.02 - 0.084 0.037 0.72 0.121 1.3
3 1.05 0.030 35 0.71 = o 0 o 0 0.2
4 0.33 0.026 12.7 0e37 0.37{0.013 0,019 0.17 0.032| 0.8
5 Lo,5 2,23 19.1 36 3.2 [1493 0.57 37 2450 7.0
6 0.45 0,076 5.9 |0.20 0.18[0.030 0.045 0.18 0,075 1.7
7 0.55 0,063 8.7 |0.50 = |0.052 0.026 0.45 0.078| 3.3
8 Q.45 0,063 7e1 0.39 0.20[/0.027 0,063 Ce 19 0.090 1.4
9 0.70 0.090 7.8 0.84 - 0.070 0.031 0. 54 0,101 3.5
*Ratio - —nderson-Sraun (A-B) *CEGB front x Ratio ( (g)x(d) )
Basson

By comparing columns (b) and (e) it can be seen that the neptunium dosimeter
is in reasonable agreement with the Anderson-Braun detector except for posi-
tion 6, even though any neutron from the rear of the body will not be
measured by the nentunium. The agreement between columns (b) and (i) is less
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good than that for the neptunium dosimeter, indicating that even at one loca-
tion the corrected result for the CEGB albedo dosimeter is not always a
sufficiently precise measurcment of the dosc ecuivalent. However some of
the CiGB dosimeter results on the front and back of the phantom (column (j))
show good agreement with the Basson Counter (column (c)). 7The final column
(k) indicetes the wide range in the ratio of neutron to gamma-ray dose
equivalent from 0.2 to 7.0 Thus the preliminary conclusion is that the
neptunium dosimeter is the only suitable device for making measurements in
such a situation,

8a CONCLUSION

If plant operotors arec to be exposed to a significant dose of neutrons then
it is necessary to provide personnel and alarm dosimeters giving a measure-
ment of the dose equivalent in the snectrum observed. If the dose ecuivalent
from ncutrons is less than 20% of that from gamma-rays then control can be
bazed upon the gamma-razy measurement, If the neutron spectrum in a plant is
constant but the n/y ratio varies then the CiGB albedo dosimeter with a
correction factor is quite adequate for personnel dosimetry., However if the
variation is as observed in section 7 then the neptunium dosimeter is
reaquired for the control of personnel exposures. It is important to empha-
sise that although the 2 Np is contained in a sealed unit should be kept
under strict administrative control to avoid any loss of the dosimeters from
the plant. In choosing the aurropriaote dosimeters the use of neutron
spectrometry and the various survey instruments is essential so that nrecise
dose ecduivalent asscssients can be made.
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AN ENERGY-INDEPENDENT ALBEDO-DOSIMETER FOR NEUTRONS

M. HEINZELMANN, G. OPLADEN, H. SCHUREN

Kernforschungsanlage Jilich, Health Physics Division
D 517 Julich

1. INTRODUCTION

In personal dosimetry the dose equivalent of neutrons must be
evaluated independently of the neutron energy. This is diffi-
cult. Most dosimeters are only useful for fast neutrons. Albe-
do dosimeters are sensitive also to thermal neutrons and those
of intermediate energy, but their gensitivity decreases rap-
idly for neutrons of higher energy (1). Yoshida and Dennis
were the first to propose an energy~- independent personal neu-
tron dosimeter (2). In their device neutrons of energies above
10 keV are detected by way of recoil protons, which are gen-
erated within the gas and the walls of the proportional counter.
Neutrons with energies helow 10 keV are moderated within the
body of the bearer of the dosimeter and are reflected into the
dosimeter. They are detected by means of the 580 keV protons,
which are released by the lay (n,p) 14C reaction within the
walls of the counting tube.

At Jlich also an energy independent neutron dosimeter has
been developed. It is an albedo dosimeter like that of Yoshida
and Dennis with the difference that a 3He-counter is used in-
stead of a device using recoil protons.

A neutron dosimeter should be called sufficiently energy inde-
pendent, when the measured value of the dosimeter for no ener-
gy deviates by more than the factor 2 from the intended sensi-
tivity.

2. EXPLICATION OF THE METHOD

The working principle of the dosimeter is developed from that
of the known Bonner detectors. These consist of a detector for
thermal neutrons enclosed in a polyethylene sphere. For certain
moderator diameters the reading of a Bonner counter is inde-
pendent of €nergy for a large energy range. In figure 1 the
sensitivity of a detector with a 5" moderating sphere (3) is
compared with the dose equivalent ICRP response curve (4), both
as functions of the energy. Both cuﬁves are reasonably parallel
in the energy range from 1 eV to 10% eV. These curves should

be parallel also for higher energies to get a truly energy in-
dependent dosimeter. Therefore either the sensitivity of the
detector must be increased for higher neutron energies or be
decreased for lower neutron energies. The latter is possible

by using a 3He—counting tube, as we do. The height of the pulse
generated within a 3He counter by a neutron is proportional to
the sum of the kinetic energy of the neutron_and the reaction
energy of 770 keV, which is released by the 3ne (np) 3H reac-
tion. A neutron of higher energy will generate a higher pulse
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than one of lower energy. When fast neutrons hit on the mode-
rator, they will be partially slowed down. The 3He counter will
generate pulseg both from fast and moderatedneutroans. The
pulses of the 3He-tube pass through an amplifier and a discrim-
inator to a counter. The number of counts decreases if the dis-
criminator thresshold is raised, and that so much faster, as
the energy of the impingent neutron decreases (fig. 2). The
sensitivity for neutrons of higher energy is substantially less
decreased than for neutrons of lower energy. The measurements
shown in fig. 2 were done with a Cadmium-coated 3ge-Counter,
this device was therefore not sensitive to thermal neutrons.

In a previous work we have shown that such a device with a
small moderator with a wall thickness of 2" measures the dose
rate equivalent of neutrons of 1.8 eV and for neutrons from
0.1 to 15 MeV indepently from energy (5). The sensitivity was
0.5 cpm/mrem/h, which is too small for dose rate measurements.

3. THE ENERGY-INDEPENDENT PERSONAL DOSIMETER

The working principle as described above may used for a perso-
nal dosimeter. As the body of the user of the dosimeter works
like a moderator, the proper dosimeter moderator may be de-
viced smaller. We have made experiments with_a wall thickness
of 0.5 in. of the moderator. The very small 3He-counting tube
LMT 0.5 NH1/1K has a sensitive volume of a cylinder of 9 mm
diameter and 10 mm height. The tube is clad in Cadmium. The
measuring device is shown in fig. 3. It is only 95 mm long and
has a diameter of 38 mm. This device was irradiated on a tho-
raxphantom with neutrons of different (o,n)-or (y,n)-sources.
The sensitivity as a function of neutron energy is shown in
fig, 4. At 1.8 eV a so called "negative source" proposed by
Mijnheer (6) was used. Fig. 4 shows that the wanted energy
independent response function is nearly achieved.

The sensitivity of the dosimeter is 1.4 pulses/mrem. The y-
sensitivity is very low, but increases with raising dose rate
from neutrons. At a dose rate of 300 mrem/h from neutrons and
5 R/h from Co~-y-rays the sensitivity for y-rays was only
0.5 % of that for neutrons. The background was less than 10-3
cpm.

The dosimeter needs a vary stable and reliable electronics. An
alteration of the discriminator threshold of 1 % changes the
sensitivity for reutrons of an Am-Be source by 6.6 %. An alter-
ation of the detector voltage of 1 % changes the sensitivity
by 7.5 %.

The measurements as reported in fig. 4 were done with a con-
ventional AEC-NIM electronics. A personal dosimeter should

be small and of low weight, therefore the construction of a
suitable electronics was begun. As a first step a high voltage
supply, amplifier, discriminator and counter has been built
within a box of 15 ¢m x 8 cm x 6 cm. Later on this electronics
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must be reduced in size. This electronics deviced by us al-
ters its detector voltage by less than 0.3 % by an external
temperatur alteration of 10 ©C. The amplification varies by
2 % at the same temperature alteration.

4, CONCLUSION

Our measurements show the possibility of an energy independ-
ent neutron dosimeter, which is extremly insensitive to y-

radiation. There are to be done more measurements at other
neutron energies and the electronics must be deviced smaller.
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A METHOD FOR ESTIMATING NEUTRON FLUXES AND NEUTRON DOSES
FROM THE ACTIVATION OF COMPACT BONE

P. Holmberg, Mervi Hyvonen and M. Tarvainen
Department of Medical Physics, University of Helsinki

Helsinki, Finland

Today 14 MeVneutron generators are widely used for industrial
and medical purposes, With the increasing use of these fast =
neutron generators it is also of importance to developa simple
method for estimating neutron doses in case of accidental
irradiation of personnel. In the present report we outline a
method for estimating neutron doses by making use of the neutron
induced activity in tissue, in particular compa;:t bone, For the
bone mineral hydroxyapatite Ca10(OH)2(POu)6 contains calcium
and phosphorus, the different isotopes of which are easily
activated in a 14 MeV neutron flux [1-47,

Using the well-known formula for neutron activation analysis
N = %4 P14 To "y O € f‘v (1-e-)‘ti)(e_xto - e_ktf) (1)

bs M
o A)\

it is possible to deduce Qﬂt’ the neutron flux at the energy

14 MeV, if the mass m, of element A is known and N0 is measured.,

In the present work 14,7 MeV neutrons were pbrsoduced in a
neutron generator using the D,T -reaction, A rotating target
assembly was used and the neutron production was approximately
1010 n/s. Samples of compact bone were first irradiated in poly-
styrene containers, before being transferred to nonactivated
containers, The gamma ray spectra which were then measured with

3

a 110 cm” coaxial Ge(Li) - semiconductor detector, were stored
in a PDP-9 computer, In this way it was possible to measure and
store four consecutive 4096 channel spectra, ready for analysis
by the VIPUNEN - program |'5,6] on a Burroughs computer, For the
energy and intensity calibration of the detector set-up TAEA
standard sources were used in addition to the well-known
sources of 5600 and 9%Eu r1,7,87.

The present in vitro activation measurements were carried
out using small samples of femur bones from cows, The masses of
the bone samples were small, vérying from 60 mg to 5 g. The

irradiation times varied from 1 to 30 minutes, and the spectra
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were recorded after waiting times ranging from 1 minute to 24

hours, depending on the half~1life of the activity to be determined,
Furthermore, the time taken to measure each spectrum varied from

5 minutes to 6 hours, In Fig. 1 we show a series of spectra

recorded under different conditions. The spectra were analysed
and on the basis of peak-energies and half-life determinations
the gamma rays were assigned to their reactions, This is also

indicated in the figure.

The upper part of Fig. 1 shows a spectrum recorded 21 minutes
after exposure‘of compact bone to radiation, The irradiation
time was 10 minutes and the measuring time was 20 minutes, In
this spectrum several activities due to the neutron reactions
on calcium are observed, the measuring conditions being favour-
able for the short-lived activities, Spectral peaks due mainly
to the uuCa(n,p)th reaction (Tl = 22 min) are seen. Even the
1779 keV gamma ray from the 31Pzn,a)ZSAl reaction(Tl=2.24min)
can still be detected. Furthermore, some longer lived thivities
are observed, although they come out more clearly in the next
spec trum.

The middle part of Fig. 1 shows a spectrum recorded 6 hours
after the irradiation of a sample of compact bone., The irradiation
time was 20 minutes and the measuring time was 10 hours, In this
spectrum the long-lived activities due to the tha(n,p)ugK
(T,212.36 h), the *2ca(n,p)*?k (T,=22.2h) and the >'Mg(n,p)> Na
(Ti=15.0 h) reactionsareclearl;seen.Also the A8Ca(n,2n)h70a
(Ti= 4,6 d) reaction is observed at the energy E = 1297 keV.

2By comparison, the lower part of Fig, 1 givesya spectrum
recorded 1,5 minutes after the irradiation of a bone marrow sample,
The irradiation time was 5 minutes, the waiting time 1,5 minutes
and the measuring time was 5 minutes, The only activity clearly
seen is that due to the 31P(n,a)28Al reaction (E = 1779 keV).

From these measurements we observe that the induced activities
in compact bone can be recorded immediately after irradiation
because of the presence of short-lived activities, mainly the

1
3 P(n,a)ZSAl-and tha(n’p)th reactions, As the waiting time

increases the 2Ca(n,p)th and uBCa(n,p)qu reactions are more
suitable for activity measurements, For still longer waiting

times the usCa(n,Zn)h7Ca reaction can be used,
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As can be seen from Fig, 1, there is a continuous change in
the spectral shape arising from the different half-lives of the
induced activities., As the isotopic composition of the hydroxy-
apatite is known, the changes provide a method for estimating
both the irradiation time and the waiting time to by spectral
analysis,

The neutron flux values Q1h can now be obtained from eq. (1)
and it is possible to deduce the neutron spectrum @(E) at '
different sites in tissue, The corresponding dose equivalent
D.E, can then be calculated from the formula

14 MeVv
D.E, =Of &(E) g(E) dE ,

where g(E) is a conversion factor which takes the neutron energy
loss mechanism into consideration., A method for the deduction
of doses is outlined by Prouza, HeYmansk4 and Rakovic [97.
Compact bone has been chosen as reference material for
neutron flux and dose estimates, because the several neutron
reactions which occur cover a wide range of half-lives. Thus,
depending on the irradiation procedure, different reactions

can be used for the evaluation of @14.
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N° 118

RESPONSE OF A BF3 COUNTER WITH TWO PARAFFIN MODERATORS
FOR NEUTRON DOSE EQUIVALENT RATES

Masao Oshino, Hiroshi Ryufuku, Yoshikazu Yoshida and Hatsumi Tatsuta

Division of Health Physics and Safety
Japan Atomic Energy Research Institute

1. INTRODUCTION

For the measurement of dose equivalent rates of neutrons with energy
range of epithermal to fast, a method using a BFy proportional counter with
two kinds of paraffin moderator (two-moderator method)(1l) has been employed
in the JAERI. Errors in the actual measurement by the two-moderator method
are sum of the errors due to ambiguity of energy response of the detector
and the errors in the theoretical derivation of the relation between the dose
equivalent rate and count rates measured. In order to examine the accuracy
of the method for slowed down neutrons, response of this method was compared
with those of three types of rem counter.

2. TWO-MODERATOR METHOD

The two-moderator method utilizes two kinds of cylindrical paraffin
moderator placed in turn over a BFj3 counter.

Generally, the spectrum of neutrons having slowed down component is
given as a linear combination of source spectrum and 1/E spectrum. Dose
equivalent rates due to a neutron spectrum represented as a linear combination
of two components are given as a linear combination of the count rates with
each moderator. Based on the fact described above, the dose response by
the two-moderator method is determined as

H (mrem/hr) = Kl Nl + KZ N2 (1)
where H is dose equivalent rate and Ny and N; the count rates in cpm of the
counter with moderator 1 and moderator 2 respectively, and K, and Ky are
constants.

In the two-moderator method, a combination of two paraffin moderators
of 8.5 cm and 4.5 cm in thickness was chosen so that the detectors have
sufficient sensitivities for a wide energy range and have an appropriate
difference between their energy responses. The paraffin moderators used in the
experiment are shown in Fig. 1. The effective volume of the BFjcounter is
11.7cm, and the pressure of BFj gas (108 enriched to 96 per cent) is 200 mmHg.
Based on the energy responses of the counters with 8.5 cm and 4.5 cm thick
paraffin moderators (1) respectively and the ICRP response curve(2), Kjand K)
were determined as 13.5 x 10-3 mrem/hr/cpm and -6.77 x 10~3 mrem/hr/cpm,
respectively,for the Am -Be source spectrum.

3. EXPERIMENTAL METHOD

Response obtained by this method and those of three types of rem counter
to slowed down neutrons were measured using Am - Be neutron sources and
concrete walls which were arranged as shown in Fig. 2. The rem counters used
in the experiment were Andersson-Braun type, Bonner type and JAERI type (four
BF3 counters are placed in a cylindrical paraffin moderator) (3) rem counters.

The spectrum of neutrons incident to the detector consists of two
components (source spectrum and 1/E spectrum) as described in Section 2, and
the fraction of 1/E component varies with position of neutron sources.
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If one expresses the neutron spectrum qb(E) by

CP(E) = Py (B + CPy (B) (2)

where (ﬁl(E) is the Am - Be source spectrum and Z(E) is the 1/E spectrum,
the total fluxes of which are normalized to be unity, and C; and Cy are
constants, then a fraction of 1/E component (f) is given by

)

Ci + Gy

For various arrangements of the neutron sources, count rates of the
detectors one by one were measured. In the two-moderator method dose
equivalent rate was obtained using Eq. (1). The dose equivalent rates by
the rem counters were obtained using the count rates measured and the conver-
sion factors (mrem/hr/cpm) for the Am - Be source spectrum.

4. RESULTS

Relative responses of the three types of rem counter to the present
method are shown in Fig. 3. It is seen from Fig. 3 that all the responses of
the three rem counters and of the detector of present method are consistent
within ¥ 40 per cent in fractions of 1/E component up to 0.7.

The dose equivalent rates obtained by present method agreed well with
the measured dose equivalent rates of the Andersson-Braun type and Bonner
type rem counters corrected for the dose equivalent rates based on the
reported energy responses(4),(5) and the ICRP response curve (2).

From the results it was concluded that the two-moderator method has
enough precision to measure the dose equivalent rates due to the slowed
down neutrons.
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N° 415

Fast Neutron Dosimetry in Nuclear Criticality Accidents
Chong Chul Yook and Seung Gy RO*
Dept. of Nuclear Engineering, Hanyang University
*Korea Nuclear Fuel Development Institute
Seoul, Korea

1l. Intoduction

The objective of this study is to examine the dosimetrical
characteristics(or parameters) of some threshold detectors, and
is then to suggest indium as a possible integral dosimeter for
measuring the fast neutron dose in nuclear criticality accidents
under the scattered-free condition. The interesting dosimetri-
cal parameters are the fission neutron spectrum-averaged cross-
sections( o) for the 115In(n,n'), 32S(n,p) and 27A1(n,o ) reac-
tions as well as the neutron fluence-to-dose conversion factors
( d ). These parameters have been numerically calculated by
means of an electronic computer.

2. Calculation of Dosimetrical Parameters

The & values were obtained by integrating the product of the
differential cross-sections and the normalized f'ss?on neutron
spectrum, that is, two representative formulae,l »2

, Yz
ey = 0.65% -(0.74+E) o 1.722E ;
Net® (0- 66 E ~0.493)"2 QXFI 0.667E, -0.493 ]5""h\o.667‘z'c~o.4‘ii -
and V.
2.073 E V2 =
E)=—"" — ) expl-1.5 E/E ) ---- &
Nwl(E) T ( En P( / m )

in which subscg}pts c and m stand for the Watt-CranbergB)’u)
and Maxwellian forms, respectively. E is the neutron energy
in MeV and ¥ the average fission neutron energy. The differ-
ential cross-section data for the thres?ol? reactions of inter-
est were taken from a lot of articles.?)-9

The § values were numerically calculated for the various
values of E in Eqs.(1l) and(2) using an electronic computer
CYBER-73. Practically the calculation was performed in the
interval from the thermal up to 20 MeV of neutron energy. The
E values were varied from that corresponding to thermal-induced
fission[1.98 MeV in Eq.(1) and 1.935 MeV in Eq.(2)} up to that
of 20 MeV neutron_ ind ced-fission(Z.hO MeV in Eq.{(l1) and 2.335
MeV in_pq.(Z)].lo)’ll?

The d value was numerically calculated by weighting the
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the differential dose to N(E). The differential dose in terms

of Kerma and maximum dose was mainly extracted from reports.l2) »13)
It should be noted that the autogamma dose from the 1H(n,Y )?%D
reaction in the human body was exempted from the calculation of

d based on the maximum dose, since it can be easily obtained by
the conventional film dosimetry.

3. Results and Discussion

In Figs. 1-3 shown are the 0 - values as a fungtion of the '15-
values, The subscripts I, S, and A denoted in O refer to indium,

220 - 90

—— WAT T - CRANBERG
wreees MAXWELLIAN

=
a3
T
-
o

~
13

-~
o

05, AVERAGE CROSS SECTION (mb}

G, AVERAGE CROSS-SECTION{mb)
2
=
.,

~—— WATT-CRANBERG
S MAXWELLIAN /

"o 19 20 2.2 23 24 28
T 73 T s E AVERAGE ENERGY(Mev}
£, AVERAGE ENERGY(Mev)

) . Fig.2. AVERAGE CROSS-SE sinp
Fig.t. AVERAGE CROSS-SECTION OF ''Sin(n,n')™"In I REACTION Assi ruf«??cnoi %FF fv'?ﬁ’m'é
REACTION AS A FUNCTION OF AVERAGE FI- FISSION NEUTRON ENERGIES.
SSION NEUTRON ENERGIES. !

sulphur and aluminum, respectively. The 0 - values increase with
the E-values. The Watt-Cranberg form gives the 0~ values higher
than the Maxwellian form for indium while for aluminum the former
gives the T values lower than the latter. The interesting
result is that the 0 values for the 325(n,p) reaction are nearly
independent of the spectral functions, i.e., Egs.{l) and (2).
This tendency is also demonstrated in Table 1.

In Table 2 summarized are the 0 for the neutron spectrum from

-fission induced by thermal and 20 MeV neutrons. In the last

row included is the O ratio of the thermal-to-20 MeV neutron
fissions. For the In(n,n') reaction, the ratio is relatively
small compared to the other reactions. In fact, this ratio may
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be further decreased in a.ctualhcircumstances of criticality
accidents. Bondarenko et al. report that E value of fission
neutrons induced by fission neutron itself was observed to be

0 Table 1. Compurison of Average Croes-Sections Ratio Cbtained
—— WATT-CRANBERG by Different Spectral Functicns of Pission Newtroms
= MAXWELLIAN /
Averugy Cross-yection katio
F] Tiseten trpe O /T Bsu/Tom T /T
g‘s J Thermal fiseion 1,057 1.057 0.694
; ) 20 Me¥ Weutron Pissiom 1.038 1.041 0,881
] Ev/’l(m-zow) :
_ - Q.08 i 1,004 1.270
g 8y / Enttor hareat) i
w
9
3
51.0 [ T Table 2. Aversge Cross-Sections of the Threshold Resctions for
e Soutron Spectra from 2390 4+ n(thereal) and + {20 He¥) Fiswions
! Average Crosn-Sections(mb)
‘ Vatt-Cranbery form ] Narvellian form
| Tiasten sy Voo 2 | Ps(a, o] Tastece)] Pinta, 5 Patn, 1) larte)
as :
9 20 2) 22 3 14 25 Thermel fissicn 195,14 63,47 1 0.50 | 18462 I 61.19 0.7
E, AVERAGE ENERGY(Mev) - | 5o nev meutron Fisston 265 a5 .63 | 20969 | s | 1.5
Fig.3. AVERAGE CROSS-SECTION OF “Al{naf‘Na RE- T (for 20 oY) - P B tas | s 2
ACTION AS A FUNCTION OF AVERAGE FISS- i grp—"y )
ION NEUTRON ENERGIES.

2.03 MeV, 1leading to 1.067 of the cross-section retio for
both Eqs.(1) and (2). This may hint that indium can yield
neutron fluence values being effectively independent of virgin
neutron spectrum in criticality accidents where the fission

neutrons are completely free from contamination of the scattered-
neutro_gxs.

X0
420 ~——— WATT-CRANBERG
== MAXWELLIAN
A0
MAXIMUM  DOSE Table 3. Compstet Kerwa end Nasimm Doss Comvervion Pactor per Unit Plusmce .ur
Beutron Spectra from 2770 + uf thermal) and + n(20 Ne¥) Pisetcw
se
Comvernion factor
360 -ty Vatt-Cranberg Yaxweliian
E Torma , Waz, doss Korma | Naz. dove
s reda/(n/en’)l (rade/(n/cw?) | (reds/(n/ca’)] rein/{o/ca?}
; o a(thersal} fisaien 2.8 x10%] 3612100 220 | 352 2107
2 (20 KoY} fisetion 3312100 4 e10? [3zme10? ! as6x0?
320 - &(tor 20 Ne¥)
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Fig.4. NEUTRON FLUENCE-to-DOSE CONVERSION
FACTOR AS A FUNCTION OF AVERAGE
FISSION NEUTRON ENERGIES.
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Shown in Fig.4 are the d value as a function of the E values,
The d value is insensitive to spectral functions together with
the fissioning types. This is also listed in Table 4. This
fact makes indium applicable as an integral fast neutron dosi-
meter in criticality accidents.

k.
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ANALYSE QUALITATIVE ET QUANTITATIVE DU PLUTONIUM
DANS LES FUTS DE DECHETS SOLIDES
J. ANNO et E. ESCARIEUX
Commissariat & I'Energie Atomique
Centre d'Etudes de Bruytres-le-Chitel (FRANCE)

I - INTRODUCTION

Pour gérer les déchets radioactifs au Centre d'Etudes de Bruyeres-le-
Chétel nous utilisons une méthode d'analyse qualitative et quantitative du
plutonium dans les flits de déchets solides par spectrométrie gamma,.
Apres avoir décrit le procédé et l'instrumentation utilieés, nous présen-
tons les expériences réalisées et les résultats acquis., Nous précisons les
performances atteintes et nous les comparons 3 celles obtenues par la me-
sure des neutrons de fission spontanée du 240py
2 - METHODE (1) (2) (3)
L'utilisation d'un systeme mécanique, permettant de placer le fGt dans la
position voulue par rapport au détecteur, et d'une collimation appropriée
de ce dernier, permet l'analyse d'un {it en plusieurs parties. Un bon
compromis entre le temps de comptage et la précision obtenue conduit 3
procéder par '"'comptage en deux positions". Outre l'identification des ra-
dioéléments, la spectrométrie gamma permet l'identification isotopique
du plutonium.
L'évaluation quantitative du plutonium est faite en deux temps :
. Le poids de plutonium correspondant au taux de comptage mesuré est lu
sur une courbe d'étalonnage.

. Le poids de plutonium présent dans le fit se déduit de ce relevé en lui
appliquant une correction tenant compte de la matrice du {fGt et du nom-
bre de positions utilisées pour l'analyse.

Un abaque indique l'erreur statistique en fonction de la masse de Pu et du

temps de comptage.

3 - DISPOSITIF EXPERIMENTAL

Systéme mécanique : Le plateau permet d'amener le fGt dans la position de
comptage voulue; il tourne 2 la vitesse de 7,5 tours par minute. Le mouve-
ment d'élévation et de descente lui est communiqué par un vérin actionné
par une centrale hydraulique. .

Chafne de spectrométrie : Le détecteur est un Geli de 90 cm3, 20 % d'ef-
ficacité relative et 2,3 keV de résolution sur le pic de 1,33 MeV du Cobalt
60. La chaine électronique comprend le préamplificateur, un amplificateur
ORTEC modele 472 et un codeur Intertechnique CT 103. L'analyse et le
traitement du signal sont faits par un PLURIMAT 20 Intertechnique et télé-
type. Nous utilisons en périphériques un lecteur rapide I.E.R. , un perfo-
rateur rapide FACIT et un traceur de courbe RA 102.

4 - ETUDE EXPERIMENTALE

4.1 - Détermination de la composition isotopique (4) )
Le?40Py a des raies 2 104 et 2 160 keV généralement en interférence
avec les raies des autres isotopes; sa quantité est fonction de la compo-
sition isotopique. Considérons dans un spectre deux raies d'énergies pro-

ches; elles subissent pratiquement les mémes absorption et autoabsortion
Le rapport de leurs intensités s'écrit :
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fi : teneur du Pu en isotope i
iE_;_ - Kij. L.i_ fj : teneur du Pu en isotope j
1E’J- f Kjj: constante connue pour une installation

A une composition isotopique donnée du plutonium d'origine déterminée, ne
correspond qu'une valeur du rapport TEEI_ ; la figure 1 montre la varia-
tion expérimentale de ce rapport en fonkttion de la teneur en Z40Pu.

4.3 - Mesure du plutonium selon un comptage en deux positions :

Au taux de comptage mesuré’G de la raie 4 375 keV correspond un poids
de Pu apparent, B, ,ilu sur la courbe d'étalonnage, figure 2. L'étalonnage
a été réalisé en placant les sources 2 l'intersection de la normale au dé-
tecteur (z = 0) et de !'axe du fGt en rotation (r =0). Il faut donc tenir
compte du fait que les déchets occupent des positions quelconques dans

le fat. La figure 3 montre la variation du rapport?% (r,z)/% (r = 0, z-0)
Ar -0, r - l5cmetr -27 cm. Successivement en faisant la somme
correspondante aux deux positions et pour nos conditions de mesure, la
valeur moyenne obtenue vaut Rp = 0,85, Nous devons égal ement tenir
compte de l'absorption T de la raie 3 375 keV dans la matrice de remplis-
sage du fGt., Pour celd nous faisons l'hypothése que nous sommes en pré-
sence d'une matrice vinylique homogéne, Une étude de nos déchets et une
vérification expérimentale du type de la figure 4, ont montré que notre
hypothese était vérifiée pour 65 % de nos fiits de déchets. Finalement le
poids de Plutonium présent dans le ffit s'exprime par :

1 -1

b= Po.Rp T

5 - PRECISION - PERFORMANCES

La masse de plutonium 239 dans un f(it dont le contenu est assimilé a du
vinyle, peut &tre exprimée par la relation approchée suivante :
avec G : taux de comptage de la raie a 375 keV

% k,x : Coefficient de la courbe d'étalonnage assimilée
m:(_'é)._.1_ 2% = km*
k7 Rp-T Rp : Rendement global moyen
T : Transmission de la raie a 375 keV

Pour une matrice vinylique homogene, les erreurs commises sont :
Erreur systématique : elle est de l'ordre de 18 % qui se répartissent

ainsi : ‘
. Incertitude sur la courbe d'étalonnage : + 10 %
Incertitude sur la transmission T :-—A?I= 2%
Incertitude sur le rendement global moyen Rp ‘ARp_ 6%
Erreur statistique : Rp

De l'ex iond i . e=Am L.
pression de m, on tire : m 7 K ' tTm

Cette relation nous donne l'incertitude statistique probable e en fonction
de la masse de Pu & mesurer pour un temps déterminé, figure 5. On en
déduit le temps de cbmptage pour une erreur statistique fixée, en fonc-
tion de la masse limite 3 déterminer,

Par exemple on peut détecter 32 mg de Pu dans un fit de 200 1. avec une
erreur totale de 30 % (18 % d'erreur systématique et 12 % d'erreur sta-
tistique) en 15 mn de comptage ou 3,2 g avec une erreur de 20 % (18 7
d'erreur systématique et 2 % d'erreur statistique) en 5 mn de comptage.
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6 - COMMENTAIRES SUR L'ANALYSE PAR SPECTROMETRIE GAMMA

La méthode d'analyse par spectrométrie gamma est insuffisante pour les
faGts 4 matrice lourde ou inhomogene (35 % de nos fits de déchets) du fait
de l'erreur commise sur la valeur de la transmission.

On peut alors avoir recours 3 la méthode d'analyse par mesure des neu-
trons de fission spontanée (5) et (6). Selon (6) et dans les conditions
d'installation décrite, une telle mesure permet de détecter 10 mg de plu-
tonium 240, dans un fGt de 100 1, en 1| mn de comptage avec une erreur

de 20 3 30 %. Cette mesure neutron est donc rapide mais la spectrométrie
gamma demeure indispensable pour 1l'identification de la teneur isotopique
toujours nécessaire,

La figure 6 illustre une comparaison expérimentale, effectuée sur un lot
de 10 fits de 100 1. entre les deux méthodes. Elles donnent des résultats
généralement concordants pour les contenus en plutonium faibles et
moyens. Des écarts notables existent pour les contenus élevés, de 20 2
50 g de Pu. L'écart extréme est obtenu sur un ffit 3 matrice lourde.

Les deux méthodes s'avéerent remarquablement complémentaires :

. La méthode neutron bien adaptée pour matrice lourde et mesure du Oy
. La méthode gamma bien adaptée pour magrice lég2re et mesure du

Les erreurs sont du mé&me ordre de grandeur. Plutdt que concurrents les
deux méthodes sont nécessaires pour traiter l'ensemble des fdts de dé-
chets d'un centre nucléaire.

7 - CONCLUSION

La limite de détection de notre installation de contrdle des déchets par
spectrométrie gamma est de 25 mg de plutonium 239 dans un ffit de 200 1,
avec une probabilité correspondant a 3G
On a intérét 2 disposer d'un détecteur de gros volume afin de diminuer le
temps de comptage; ce dernier n'est pas trop prohibitif lorsqu'il est voi-
sin de 10 mn compte tenu de ce qu'il faut par ailleurs de l'ordre de 45 mn
pour traiter un fiit depuis sa position de pré-stockage jusqu'a son évacua-
tion. Dans ces conditions et pour un amortissement du matériel calculé
sur 5 ans, le traitement d'un fGt, analyse comprise, cofite environ
250 francs.
La méthode d'analyse des déchets par spectrométrie gamma est bien
adaptée 3 la mesure du, plutonium pour des fiits & matrice légére et homo-
géne. Elle est insuffisante et hasardeuse pour les fGts & matrice lourde
ou inhomogene; elle demeure indispensable i la détermination isotopique
nécessaire pour une analyse par mesure neutron 2 laquelle il faut alors
faire appel.
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N° 481

TRAITEMENT DES DONNEES NUCLEAIRES APPLIQUE
A LA RADIOPROTECTION A L'AIDE D'UN
MINIORDINATEUR MULTI 20

C. LASSEUR - G. TROESCH - J. GAUDIAU

COMMISSARIAT A L'ENERGIE ATOMIQUE

Centre d'Etudes Nucléaires de Fontenay-aux-Roses
Service de Protection contre les
Rayonnements

1. INTRODUCTION

L'exercice de la radioprotection auprés des installations nu-
cléaires et de leur environnement repose toujours sur la bonne
connaissance et le suivi de grandeurs caractéristiques du ni-
veau de radioactivité : dose et débits de dose absorbée, acti-
vités volumiques ou surfaciques, exposition subie... Qu'il
s'agisse de fonctionnement normal ou de situation évolutive,
ces grandeurs sont déterminées & partir de mesures spécifiques
et présentant un caractére répétitif., Il peut s'agir d'opéra-
tions simples de mesure d'activité sur échantillon ou d'analyses
plus complexes pour la connaissance des radionucléides ou la
spectrométrie du champ de rayonnement. Mais l'exploitation des
mesures est souvent longue et fastidieuse. Le développement et
l'utilisation de plus en plus répandus des moyens informatiques
permettent un traitement plus rapide des résultats de mesure ce
qui conduit a une radioprotection mieux adaptée et plus effi-
cace.

En 1975, le Service de Protection contre les Rayonnements du
CEN.FAR s'est doté d'un systeéme programmé pour l'analyse en li-
gne des données nucléaires avec exploitation continue depuis
Janvier 1976, Nous allons décrire ce syst2me et mettre en évi-
dence ses avantages et ses inconvénients pour une utilisation
centralisée appliquée & la radioprotection,

L'emploi actuel porte sur :

- l'identification de radionucléides et les mesures d'acti-
vité par spectrométrie y (600 analyses par an)

- la dosimétrie en cas d'accident de criticité

- le contrfile de la contamination de l'air des installations
(450 prélévements sur filtres par jour)

2. PRESENTATION DU MINIORDINATEUR

L'ensemble informatique est b&Ati autour d'un systéme de base
PLURIMAT 20 INTERTECHNIQUE. Le synoptique de la chaine est re-
présenté sur la planche donnée en annexe, ou figurent les carac-
téristiques essentielles de chaque é£lément composite.

3. TRAITEMENT DE DONNEES NUCLEAIRES APPLIQUE A LA
RADIDPROTECTION

Les mesures effectuées pour la radioprotection sont de deux
types :



- aprés incident ou accident
- de routine

Dans le premier cas, le facteur "temps™ joue un rdle essentiel
car des décisions sont & prendre rapidement, décisions qui sont
fonction des caractéristiques de l'accident : nature et intensi-
té du champ de rayonnement et de l'exposition subie par le per-
sonnel... Ces caractéristiques sont déterminées & partir de me-
sures dont 1l'exploitation doit &tre aussi rapide que possible,
Dans le cas des mesures de routine, c'est le nombre de résultats
a traiter qui est le critgre déterminant pour le choix des ty-
pes d'exploitation & utiliser. Dans les deux cas, l'emploi du
miniordinateur apporte une solution intéressante pour la radio-
protection,

3.1. Identification de radionucléides et mesure d'activité par
spectrométrie v (1)

Nous avons réalisé un dispositif de traitement autopatique de
spectres. Le schéma de principe est donné ci-aprés :

commande

TTY Chassis visu KA105

4 |Imprimante

Ana- Multiplexeur Calculateur MULTIZ20

— Unité de
lyseurs YT 188 B =| = disque

-

Les impulsions électriques issues d'un semicteur du type Geli sont
stockées dans un analyseur 4000 canaux SA 44, puis transférées sur
le MULTI 20 dont le programme de traitement PNOS5SA/026C fournit

en sortie le nom des radionucléides identifiés et leur activité.
En moyenne, le temps de traitement d'un spectre est de 30 s,

3.2. Dosimétrie en cas d'accident de criticité (2)

La dosimétrie en cas d'accident de criticité s'effectue & l'aide
de détecteurs de zones, type SNAC (spectromd@tre neutron 3 acti-
vation)., Apri&s comptage des différents détecteurs, les résultats
de mesure, sous forme de bandes perforées, sont traités par mini-
ordinateur. Les grandeurs de sortie sont les valeurs des fluences
de neutreons, de photons ainsi que les doses absorbées engendrées
par l'excursion de criticité, Le schéma de principe de traitement
est le suivant :

commande .
TTY Imprimante

Calculateur MULTIZ20

lecteur Unité de
ruban disque
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On peut estimer & 10 minutes le temps de traitement global pour
huit détecteurs SNAC, depuis la lecture de la bande jusqu'a la
sortie des résultats alors que la duréde de l'exploitation ma-
nuelle correspondante est d'environ une demi-journée,

3.3. Contrdle de la contamination atmosphérique d'instal-
lation (3)

Le contrBle de la contamination de 1'air des installations est
effectué & partir des mesures d'activité déposée sur des fil-
tres, Les résultats de comptage de ces filtres sont exploités
par une chaine informatique. En sortie les résultats apparais-
sent sous forme de "liste" ol sont consignés les équivalents en
nombre de CMA XX et B de la contamination atmosphérique détermi-
née aux différents points de mesure. Actuellement 450 filtres
sont analysés journellement dont les résultats sont gardés en
mémoire pour le cumul des statistiques mensuelles,

Dérouleur de
bande magnétique

Command i
T?? & # Imprimante

Lecteur Calculateur MULTIZ2O0 Unité de

ruban disque

4. CONCLUSION

En matidre de sécurité, il est séduisant pour l'autorité de déci-
sion de pouvoir disposer de moyens permettant une exploitation
pricritaire, rapide et centralisée des résultats de mesure. lLes
outils informatiques et plus précisément l'utilisation de mini-
ordinateur constituent une solution é€légante, bien adaptée aux
problémes de la radioprotection.

Notre dispositif, en exploitation continu depuis 1976, donne
entiére satisfaction aussi bien dans le traitement des mesures

de routine que de celles aprés accident., Etant donné les capacités
de traitement offertes et pour rentabiliser au maximum la chaline,
nous envisageons de l'adapter & la gestion des déchets solides
radioactifs avant stockage définitif, la surveillance et le
contrdle du site et de l'environnement,
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N° 320

LES MICROPROCESSEURS DANS LES APPAREILS DE RADIOPROTECTION

Auteurs : M. TRAVAILLON Raymond SPR/CEN SACLAY
M., PAILHES Alain MERLIN GERIN - GRENOBLE

1. INTERET DE DISPOSER D'UN TRAITEMENT ELABORE DE L'INFORMATION

Les capteurs de radioprotection envoient en permanence, et de fagon
imprévisible, des impulsions électriques 3 1l'ensemble de traitement. La
fréquence (F) de ces impulsions est une fonction plus ou moins complexe de
la grandeur nucléaire (N) contrdlée (N représente le nombre de limite

maximale admissible L.M.A.).

La relation générale est F = fi; (N) oll ki représente des paramdtres dépen-
dant du capteur et de la grandeur nucléaire contr8lée, soit

— en irradiation

. paramétre de sensibilité : nombre d'impulsion par mRem
facteur de position capteur/travailleur

- en contamination

. paramdtre de rendement détection-filtration
. paramétre de radiotoxicité
. facteur de position capteur/travailleur

Le résultat qui intéresse l'exploitant est : N = f—1ki (F)

Dans la plupart des cas, cette fonction est, trd@s approximativement, une
relation de proportionnalité dont le coefficient dépend de ki (irradiation,
contamination gaz et liquide). Dans le cas des capteurs aérosols & filtre
fixe ol 1'activité est cumulde sur le filtre, la relation est, approxima-—
tivement : N = (ki) AF/AT

(c'est l'accroissement de fréquence des impulsions Eapteur qui est signi-
ficatif du niveau de contamination de 1l'air).

Les fonctions de proportionnalité sont relativement aisées & mettre en
oeuvre en technologie c@blée (soit par division, soit par adaptation du
temps de mesure), alors que le traitement de la contamination en aérosols
est extrémement lourd. Il devient aisé en technologie programmée car alors
la complexité n'existe qu'au niveau du logiciel et non plus au niveau du
matériel.

I1 apparait donc que les appareils ayant la capacité de résoudre les
différents cas de la radioprotection sont nécessairement programmés.

2. RAPPEL SUR LES INSTALLATIONS A CALCULATEURS

Les TCR utilisant un calculateur central (par exemple BAtiment 120 - CEA
‘Centre de Saclay) permettent d'obtenir 1l'information &laborée, exprimée en
IMA, ainsi que le cumul des doses par poste de travail. Le fait de disposer
de cette information permet d'obtenir des signalisations plus représenta-
tives des niveaux de danger pour les personnes que dans le cas des TCR
traditionnels
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Dans les TCR & calculateur actuellement en service, le capteur est associé
a4 un coffret de signalisation pour former une balise. Les consignes de
signalisations sont issues du TCR. Nénamoins, pour certaines défaillances
du centralisateur, une signalisation de secours {signalisation réduite)
est automatiquement mise en service dans le coffret de signalisation.
Ainsi la fonction sécurité, bien que dégradée en qualité, est assurée,
cependant que la fonction mesure est perdue pour l'ensemble des balises.

Al
L'utilisation d'un microprocesseur par balise permet de pallier cet incon-
. X . . . .
vénient tout en conservant 1'intégralité des résultats qui étaient élaborés
par le calculateur pour la balise considérée.

3. ORGANISATION D'UNE BALISE A MICROPROCESSEUR (fig. 1)

L'électronique du capteur assure uniquement 1'alimentation du détecteur et
la mise en forme de son signal. Le coffret de traitement-signalisation
(CTS) associé comprend

~ 1'unité de traitement (microprocesseur) constituée de

. l'horloge

. 1'unité logique et arithmétique

. la mémoire active (mémoire RAM de travail)

. la mémoire programmable (mémoire PROM contenant le programme de la
balise)

. le controleur d'interruption

- les systémes "périphériques”

. le compteur d'impulsions

. les organes de réglages des paramdtres {(ki)et des seuils

. le systéme de signalisation et de visualisation

. la transmission asynchrone {liaison vers le centralisateur)
. le systéme de test du coffret

. le systéme de conversion analogique (sortie enregistreur)

-~ l'ensemble de ces circuits est organisé autour de trois "bus"

. le bus adresse
. le bus de données
. le bus de contrdle

Les organes de réglage des paramétres ki et des seuils sont constitués de
commutateurs.

La mesure est visualisée & 1'aide d'afficheurs optoflectroniques a T
segments, et elle est traduite analogiquement (sortie logarithmique).
Les organes de signalisations spécifiques & chaque niveau d'alarme sont
montés sur la porte du coffret (signalisations lumineuses et sonores).

L'état des alarmes est disponible sous forme de contact de relais.

Les balises actuellement existantes, balises &lectrons et photons, balise
neutrons, balise gaz, balise aérosols, sont réalisées en montant dans le

~

coffret CTS le programme adapté 3 chaque capteur.
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4, FONCTIONNEMENT DE LA BALISE A MICROPROCESSEUR (fig. 1)

Le compteur d'entrée du coffret CTS stocke les impulsions venant du capteur.
Son contenu est lu toutes les secondes par 1'unité de traitement (UT) et il
est utilisé conformément au programme contenu dans les mémoires PROM et aux
valeurs des paramétres.

L'UT calcule les débits de "dose" ainsi gque 1'intégrale de ce d8bit (cumul
de dose).

A la fin de chaque cycle de mesure, le débit de "dose" est comparé aux
valeurs des seuils et, s'il est supérieur, la signalisation correspondante
est actionnée (d&s qu'un seuil est dépassé, le programme diminue automa-
tiguement sa valeur ; on réalise ainsi une hystérésis programmée). Les
signaux nécessaires 3 la signalisation sont élaborées par des générateurs
programmés par 1'UT. Aprés comparaison du débit de dose aux différents
seuils, 1'UT calcule son logarithme qui est ensuite transmis au systéme de
conversion analogique.

Une sécurité existante fait que, si le débit de "dose" décroit brutalement,
la nouvelle valeur sera atteinte d'une manidre hyperbolique (si la période
des impulsions d'entrée est supérieure a4 un temps t, le débit de dose est
inférieur 3 k/t : k est un coefficient calculé & partir des ki : balise
d'irradiation).

Le résultat visualisé & 1l'aide d'afficheurs optoélectroniques est le débit
de dose et, sur demande manuelle, le cumul de dose est temporairement
affiché.

L'ensemble des valeurs (paramétres, seuils, débit de dose, cumul de dose et
état des alarmes) est automatiquement &mis par 1l'intermédiaire du systéme
de transmission asynchrone 3 chaque changement d'état des alarmes et sur
interrogation externe (la balise posséde une adresse cdblée).

5. AVANTAGES DES BALISES A MICROPROCESSEUR

Les avantages des balises i microprocesseur résident en ce qu'elles réali-
sent toutes les fonctions assurées par le calculateur dans un systéme cen-
tralisé, en particulier elles permettent de déterminer en temps réel, les
débits de "dose" auxquels sont soumis les personnes & leur poste de travail.

Par ailleurs, l'utilisation d'un microprocesseur par balise &limine les
pannes de mode commun introduites par un calculateur unique. On obtient
ainsi une plus grande sureté de fonctionnement de l'installation.

Enfin, il existe d'autres avantages, soit

- amélioration de la fiabilité des balises par une plus grande intégration
des fonctions (remplacement de toute fonction c&blée par son équivalente
programmée )

- facilité d'installation et de clblage car le céble "mesure" n'existe
qu'entre capteur et coffret et non plus entre balise et TCR. La liaison

avec le TCR s'effectue par une seule paire blindée

-~ affichage direct de la mesure en LMA, c'est-3-dire un nombre représentant
soit des mRem/h, soit des uCi/m3
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- souplesse d'emploi, d'une part car le coffret associé au capteur pour

former une balise est banalisé

la spécificité de chaque balise est as~
surée par les mémoires PROM qui contiennent le programme adapté
capteur (un jeu de PROM par capteur).

~

a chaque

D'autre part, les balises ainsi réa-

lisées conviennent 3 tous les types d'installations de radioprotection,
quelles que soient leurs tailles.

Coffret de traitement/signalisation

- T T T ., T T T T T e e a
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RADIATION AND CHEMICAL MUTAGENIC AGENTS:
SHOULD WE HAVE A SINGLE EXPOSURE LIMIT?

M. S. S. Murthy
Division of Radiological Protection
Bhabha Atomic Research %entre
Bombay-400 085, INDIA

1. PROLOGUE

We have been actively concerned with radiation hazard for over 50 years
by now. During this period, the standards for radiation exposure have
evolved through an unspecific amount such as 1/100th of the skin erythema
dose in 30 days (1925), to more specific values such as 0.2 R/day in 1934,
to 300 mrem/week in 1954, to 5 rem/year in 1957. The exposure standards
have stayed at this level to date. On this evolutionary course an important
branching point occured in 1957 when the genetic effects of radiation were
taken into account and ICRP recommended exposure limits to individual
members of the ponulation and to the whole population as 0. 5 rem/year
and 5 rem/30 years respectively. The imnortant point to be emphasised
here is that these limits were established without regard for the influence
of other environmental factors which might be having similar effects.. The
carcinogenic effects of chemicals were known even before the discovery of
X-rays. As early as in 1940's Auerbach had demonstrated that chemicals
such as nitrogen mustard can cause mutations similar to X-rays. Itis
only now being increasingly realised that man s environment contains, in
addition to radiation, a large number of chemical comnounds many of
which may be carcinogenic and mutagenic. The possibility therefore exists
that human beings may simultaneously be exposed to several mutagenic
clzemicals as well as to radiation. Hence it has become necessary to
develop an integrated approach to the nroblem of environmental mutagenic
hazards.

2. RECOMMENDATIONS OF COMMITTEE 17

The Council of the American Environmental Mutagen Society aopointed a
committee (called the "Committee 17') to review the current status of
environmental mutagenesis and to suggest regulatory principles to control
human exposure to mutagenic agents. In reviewing the current status of
mutagenesis, the Committee (1) has appreciated the idea that the available
vast information of radiation mutagenesis should serve as abase to under-
stand and control the mutagenic hazards of other agents. In line with
this thinking, the Committee has proposed a unit called "rem-equivalent
chemical'" (REC) for purposes ofquantitatingthe hazards from chemical
agents. REC is defined as "that dose or nroduct of concentration
multiplied by the time which produces an amount of genetic damage equal
to that produced by 1 rem of chronic irradiation'. The Committee has
gone one step further to recommend .a single limit to the exposure of all
man-made mutagenic agents-including chemicals and radiation. In the
following paragraphs we will discuss some of the implications of these
recommendations on the practice of radiation safety.



The Committee proposed that '"the total mutagenic exposure from man-
made chemicals as well as radiations (but still excluding medical
radiation), expressed, for instance, as the sum of the rems and RECs, bhe
limited to the same extent, namely to the equivalent of 5 rem per
generation'. The Committee goes on further to state that ''while our main
concern is necessarily with the average population, we recognise that
high risk sub populations also exist, encompassing, for instance, certain
industrial and agricultural workers. We therefore recommend  that the
maximum vermissible mutagenic exposure to individuals who are still
within the reproductive life-span be limited to a tenfold excess over the
average maximum permissible exposure level'. Presumably the 'thigh-
risk subpopulation' includes radiation workers. Since the limits
recommended are to include exposures from radiation and a variety of
chemicals, an apportionment has to be made for each tyve of mutagen.
Hence, the Committee recommends '"that no single mutagenic agent should
be allowed to exceed 10 percent of the 5-REC budget allotted to all
mutagenic agents'. Since chemical pollution is more ubiquitous than
radiation vollution, it can be assumed that all radiation workers (and
public) who are exposed to radiation are also exposed to chemical
pollutants which are to be controlled

3. IMPLICATIONS OF THE RECOMMENDATIONS TO THE PRACTICE
OF RADIATION SAFETY

Let us project recOémmendations of the Committee 17 on to the currently
practised radiation safety standards. The Committee recommends that
human exposure to all types of mutagens be limited to 5 REC per genera-
tion (30 years). This works out to be 0. 17 REC/year 2). For radiation
workers the recommended level will be 1.7 REC/year, since a tenfold
increase over the population level is permitted. However, in a composite
environment, since only 10 percent of the 5 REC budget is allowed for
each type of mutagen, the suggested level of radiation would be 0. 017 and
0.17 rem per year for the general population and radiation worker respec-
tively. These values are summarised in Table 1. Comparison with the
currently accepted ICRP recommendations shows that the radiation
exposure to general public and occupational worker bereduced by factors
of 10 and 30 respectively. It may be noted that WEINBERG and ADLER
also have suggested in a U.S. Congressional Testimony that the additional
human exposure to radiation be restricted to not more than the standard
deviation of the natural background radiation. This is about 20 mrem/year
(see ref 3). Ifitis rational to say that occupational exposure must be
limited to 10 times this level (i.e. to 200 mrem/year), recommendations
of the Committee 17 are in agreement with the suggestion by WEINBERG
and ADLER.

Now let us take a critical look at the basis of the current radiation safety
standards and risk-estimates before considering the adequacy of these
standards in the presence of other environmental mutagens. We are
interested in the genetic and somatic risks from exposaires of 5 rems
and 150 rems spread out over 30 years. The exposure pattern may vary
from chronic and continuous to fractionated pulses of high intensity
‘or a combination of both. Data available for risk estimation pertain to
doses of a few hundreds of rads or higher given over a short interval of
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time. These are extrapolated to low doses on the basis of a linear hypo-
thesis in order to estimate the risk at low doses of interest in radiation
safety. The linear hypothesis, which has been favoured because of its
conservative nature, has come into severe criticism in recent years,
since it does not take into account two important factors. First, the
biological system has repair and selection capacity to guard against
somatic and genetic insults. It is known that doses delivered in small
fractions and protracted over a long interval of time are less effective
than equivalent single doses .griven over a short interval of time. The
time-scale in the available data and the time-scale involved in the levels
of human exposure at the recommended protection standards differ by
several orders of magnitude. Hence, to expect proportionate amount of
effect at these doses and dose rates is to ignore the facts of repair and
selection. Second, it is known in radiation biology that the latent period
in the induction of tumor by radiation is dependent upon dose. JONES

et al. (4) have shown that latent period varies as D-1/3 where D is the
dose. Similar inverse relationship between latent period and tumour
induction has been demonstrated by SACOBI (5) for internal exposures
also. Hence, to assume that tumors at low doses would occur with the
same latency as those at high doses is to ignore this biological observation.
At exposure levels low to be tested experimentally, the tumour may occur
late in life, when its socio-economic impact is small' or may not appear
at all if the latent period is longer than the human life span. In this sense
there may even be a "practical threshold' for low level radiation effects.
Hence, the risk estimates based on linear hypothesis are known to be
conservative' perhaps too conservative.

There are evidences to show that this may be so. We will cite only a few
of the recent ones. One set of experimrntal data which support the risk
at low doses is the epidemiological survey by STEWART et al of the
children who were exposed to diagnostic X-rays in utero (6). This
study showed that among these children the leukaemia risk was about
twice the control. Similar studies conducted subsequently supnorted this
view: the risk factor varying from 1. 3 to 1. 6(see ref. 7). However,
recently OPPENHEIM et al (7) have critically analysed these results and
found bias in all these studies. The mothers of these children were
x-rayed because of some medical indication. Therefore one may anticinate
that the exposed mothers collectively had a higher incidence of medical
problems than unexposed mothers. Hence, it would not be surprising if
the in utero exposed children, as a groun, were less healthy than the
control children solely on the basis of factors which led to the X-ray
diagnosis. OPPENHEIM et al (7) conducted a similar study in which such
bias due to selection was mininal. This study did not show any convincing
evidence for the increased risk of leukaemia in children exposed to
diagnostic X-rays in utero. MOLE (8) however has observed that twins
had been exposed to X-rays in utero 5.5 times more often than sing-
letons . Despite this high selection for X-ray examination, irradiated
twins showed no greater incidence of subsequent malignacies than singletons.

On the other hand there are reports which suggest that low doses of
radiation may have some beneficial effects in the way of of stimulating
repair processes. This has been demonstrated in plants (9) and insects
(10). PLANEL et al (11) have demonstrated a stimulatory effect on cell
multiplication in paramecia by natural background radiation and small
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doses of gamma rays from SOCO, Even though these effects are observed

at doses high for human beings, it is possible that such effects can exist
at corresponding levels in human beings also. There are evidences ofthe
negative risk at low doses in human population. DELPLA (12) has pointed
out that analyses of the incidence of leukaemia among the Japanese atomic
bomb survivors indicate that the average risk at doses which are not too
high was negative and the effect may actually be beneficial. In a recent
epidemiological survey of U.S. population FRIGERIO and STOWE (13)
found a negative correlation for mort ality rates from all causes, cancer
induction and congential malformation with the increasing natural back-
ground radiation. Further, even at the current radiation safety standards,
the estimated incidence of chromosome damage (14), birth defects (15)
and cancers (5) in the exposed population remain low. In addition to all
these considerations, when one looks at the actual radiation dose currently
received in practice, it is on the average only 1/10th and 1/40th of the
permissible levels for occupational workers and general population
respectively. It is further estimated that the average exposure from an
extensive world program of nuclear power production would add only a

few millirem per year throughout the oopulation (16). Thus, while the
frequency of harm such as cancer induction can be estimated for doses of
a few hundreds of rads, delivered over a short interval of time, such
estimates at doses one thousandth of these levels will be ouite uncertain
and can be inferred only on a hyvnothetical basis. Even then such estimates
give the maximum injury which may be caused by radiation and thus
inherently contain a safety factor.

4. A FISH-EYE-VIEW OF THE ICEBERG

Now, let us briefly look at the chemical scene. Exposure of occupational
workers to chemical pollutants take place in industrial processings and
manufacturing and in the agricultural use of pesticides and herbicides.
Population exposure takes place via the industrial waste disposal, conta-
mination of the processed consumer goods, drugs, pharmaceuticals,
cosmetics, feod preservatives and additives, burning of fuel and electrical
power generation programs. In fact it is estimated that nearly 4 million
chemical substances are used by man and many of these may be carcino-
genic and mutagenic. Another 500-600 new chemicals are known to
enter market every year. Many of these are produced in thousands of
tons every year and are widely distributed and used. High levels of
several chemical substances such as DDT, lead, mercury etc. have been
detected in human tissues. In several cases epidemiological evidences
have provided sufficient documentation to positively identify certain
industrial chemicals as carcinogens. For example occupational exposure
to nickel is known to result in the cancer of lung and nasal cavity.
Similarly occupational exposure to vinyl chloride is associated with the
cancer of the liver while that of cadmium to result in prostrate and
respiratory cancers (17).

Unlike in radiation, there are no universally accepted limits for chemical
pollutants In fact there are fundamental differences in the definitions of
the permissible levels. In USSR the maximum allowable concentrations
(MAC) of harmful substances in air of the working area is defined as
"those concentrations that in the case of daily exposure at work for 8
hours throughout the entire working life, will not cause any diseases or
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deviations from a normal state of health detectable by current methods
of investigations, either during the work itself or in the long term"
(18). This may be compared with the definition of the threshold limit
value (TLV) adopted by the American Conference of Governmental
Industrial Hygienists. The TLV defines the conditions to which
"nearly all workers can be repeatedly exposed, day after day, without
adverse effect. Because of the wide variation in individual
susceptibility a small percentage of workers may experience dis-
comfort from some substances at concentrations at or below the
threshold limit, a smaller percentage may be affected more seriously
by aggravation of a pre-existing condition or by development of
occupational disease'. While the definition of MAC is very similar

to that of the maximum permissible doses by the ICRP, the TLV
deliberately accepts unfavourable effects and even occupational diseases
in individual workers. Because of these fundamental differences in
the approach to the problem of setting limits, there are wide
differences between the MAC values of the USSR and the TLV yalues.
For example while the TLV for trichloroethylene is 500 mg/m, the
MAC value is 10 mg/m": The MAC value for vinyl chloride is

30 mg/ m~ while the limit in Federal Republic of Germany is 260
mg/m?> The TLV of vinylchloride (U.S.A) has come down from 1300 mg
mg/m3 to 130 mg/m3 to as low as 1 ppm recently (17). Similarly
there are considerable differences in the suggested limits for
chlorinated hydrocarbons and metals Some of these are shown in
Table 2.

Another interesting contrast between radiation and chemicals is the
differences between the suggested limits and the actual levels found in

work-areas. The levels in work~areas are known to be most often
higher (some times orders of magnitude higher) than the suggested
permissible values. Some of these are shown in Table 2. This is in

contrast to radiation where the levels in work-areas, as a rule, are
always less than the, recommended levels. Further there are not many
estimates of risk to human population by exposure to chemical agents.
Whatever data available suggest that the situation is quite bad. For
example an exposure to ethylene oxide at 5 ppm level for 40 hr/week
is estimated to be equivalent to a radiation dose of 4 rads (19). Since
50 ppm is the recommended permissible level in work-areas, this
turns out to be equivalent to a weekly radiation exposure to 40 rads.
The Committee 17 (1) has estimated that the current consumption of
NaNO; by human beings is equivalent to about 8 rem of radiation dose
per generation. An estimate of the overall effect of all the chemical
pollutants, in terms of radiation dose can also be made. It is known
that the ''spontaneous' cancer death rate, fer most part of the world,
ranges between 1000 and 2000 per million per year. It is also
suspected that 80-90 percent of these cases are attributable to
chemical pollution of the environment (20). The BEIR committee has
estimated that the risk of cancer death in a population of 1 million
exposed to 1 rem of radiation dose per year is ebout 100-200/year.
Based on these data we can estimate the radiation equivalence of the
present level of chemical pollution for cancer induction. Taking the

177



extremes, this value ranges from 4 to 18 rems: POCHIN (16) has estimated
that indugtrial exposure to chemical agents may result in 10 to 30 cases of
cancer death per year in a population of 10, 000 workers. Although all

these estimates are fraught with uncertainties, they are striking enough to
provide a general perspective of the problem of chemical pollution. Compared
with the chemical pollution of the environment, radiation hazard is only a

tip of the iceberg.

5. EPILOGUE

Very little is known about these environmental chemical mutagens. While
radiation hazard control has attained an advanced stage, control of
chemical mutagens in the environment is still in its infancy. While a
disproportionately greater degree of effort and expenses are called for

to further reduce radiation levels, great reduction in the levels of chemical
mutagens can be achieved by applying elementary princivles. Hence at
this stage of the art of environmental protection, the question to be asked
is ""should we have a single exposure limit for both radiation and
chemicals and thus be further restrictive in the use of radiation?'. It

is the author's opinion that such an integrated approach may be required,
probably, only when the control of chemical mutagens has reached a stage
comparable to that of radiation. Until then it would be prudent to retain
the radiation safety standards at the current level. Meanwhile, however,
we may strictly adhere to the most basic of all the ICRP recommendations
that "all doses be kept as low as readily achievable, economic and social
considerations being taken into account '". Here we may add, in addition
to economic and social considerations, 'environmental considerations'' also.

Committee 17

Risk groun ICRP All mutagenic Radiation Ratio of radia-
(radiation agents/includ- only* tion 'evels
onty) ing radiations ICRP/Comm 17

& chemicals)

General 0.17 0.17 0017 10
population rem/Y REC/Y rem/Y
Occupat- 5.0 1.7 0.17 30
ional workers rem/Y REC/Y rem/Y

* Values imnl cated.
TABLE 1: Comparison of the recommendations of the ICRP and
Committee 17.
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Chemical MAC TLV Measured values in
compound (Russian) (U.S A.) work - areas
Trichloro 10 mg /m3‘ 535 mg /m3 An American factory
ethylene 1076-43, 000 mg/m‘3
A Japanese factory
135-538 mg/m>
Near overating room personnel
5 1.6to554 mg /m>.
Vinyl 30 mg/m3 FDR-260mg/m ., Concentration in dir in a voly-
Chloride USA-1300mg/m™ merisation reactor prior to
(until Aprij,l '74) ventillation-7800 mg/m".
130mg/m”. During scrapping procedure
(until May 74)  130-260 mg/m>.
1 ppm &since In a PVC factox:;Y
May '74) 100-800 mg/m”. with peaks
upto 87, 300 mg/m3,
VC content of PVC
200-400 mg /kg.
Benzo(a) - 15 mg/ - 1-4 ng/m3 in different cities
pyrene 100 m of world.
Mercury 0. 3mg/rn3 5 mg/m3 3 -
Lindane 0. 05mg/m3 0.5 mg/m -

Heptachlore 0. 01mg/m3 0.5 mg/m3

Malathion

0.5mg/m

15 mg/m3

TABLE 2 : Comparison of the MAC (USSR) and TLV (USA) of some
chemical pollutants alongwith some measured levels in work-areas.

Chemical compound

Equivalent radiation dose

Ethylene Oxide 5 pom/40 hours

NaNO, (current consumption rate)

Overall effect of all chemical
pollutants for cancer incidence

Estimated cancer deaths in chemical industry

4 rem(19)

8 rem/generation(1)

4-18 rem/generation

10-30/10. 000 workerd'16)

Several cases of occupational cancer in chemical industries have been
reported, while no increase in malignant diseases has been detected in
occupations involving radiation exposures with the exception of radium
dial painters and uranium mine workers.

TABLE 3 Some estimates of hazards of exposure to chemicals in terms
of "equivalent radiation doses'.
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A COMPARATIVE STUDY OF THE RISKS OF CANCER MORTALITY

FROM IONIZING RADIATIONS AND CHEMICAL POLLUTANTS

K.G.Vohra .
Bhabha Atomic Research Centre
Bombay-400 085, India

1. INTRODUCTION

Quantitative information on the risk of cancer mortality associated with
ionizing radiations and chemical pollutants is of great value in the
planning of major nuclear and chemical operations. Epidemiological and
laboratory studies provide sufficient basis for an attempt to bring out
such quantitative data for the purpose of planning. The data on cancer
mortality caused by ionizing radiations has been developed over the last
fifty years and can be used for similar risk estimates for chemicals.

No direct study on the late effects of carcinogenic chemicals has ever
been carried out.

As early as 1903 it was shown that X-rays can induce leukemia in mice (1).
During the following decade, evidence of increased incidence of cancer
among radiologists became available. By 1922 it was found that more than
100 early radiologists had died of occupationally produced cancers and
leukemia (2). This early experience was associated with very large expo-
sures, and due to paucity of dose measurement techniques, no dose-effect
relationships could be established. During the last two decades data

on dose-effect relationships became available through animal experiments,
but this could not be used directly for human risk estimates, due to

very large doses used in such experiments and large differences in the
life span and tissue radiosensitivity of the species.

Extensive data on cancer mortality has been compiled based on the studies
carried out on the survivors of Hiroshima and Nagasaki, patients who
received large doses from X-rays used for the treatment of ankylosing
spondylitig , radium dial painters, the radiologists of early days who
used X-rays without precautions and patients treated with radioactive
iodine for hyperthyroid. Mortality data for the incidence of lung cancer
in uranium miners also became available during the last few decades. Seve-
ral national and international bodies, notably the United Nations Scienti-
fic Committee on the Effects of Atomic Radiation (UNSCEAR) and the
Committee on the Biological Effects of Ionizing Radiations (BEIR Committee)
of USA have made extensive use ofthe above information to arrive at quanti-
tative risk estimates for ionizing radiations (3, 4), which will be summa-
rised in this paper for comparison with the risks of chemical pollutants.

Induction of cancer by chemical pollutants has also been recognized for
a long time, for example, the incidence of scrotal cancer in chimney
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sweepers was first reported in 1775, which was later attributed to the
presence of the chemical carcinogen benzo(a)pyrene in the coal soot depo-
sited in the chimneys (5). These workers were in the habit of taking off
their clothes during work, and prolonged contact with soot often produced
cancer of the scrotum. A large number of chemicals have since been
recognized as carcinogenic, mainly those belonging to the family of poly-
cyclic hydrocarbons, heavy metals, asbestos, vinyl-chloride and a variety
of organic oxides. TFor quantitative information on cancer deaths from
chemicals, data is available for lung cancer mortality and the likely
causative agent benzo(a)pyrene for several industrial cities of the world.
Systematic information is not available for a large variety of other
chemical carcinogens for the quantitative assessment of dose-effect rela-
tionships.

The model proposed in this paper is based on the estimates of cancer
deaths per man-rem of radiation exposure and finding of rem-dose-equi-
valents (RDE) for benzo(a)pyrene which has been shown to correlate with
lung cancer mortality.

2. CANCER INCIDENCE FOR CONTINUOUS PROTRACTED RADIATION EXPOSURES

On the basis of human data for the radiation exposures mentioned in the
previous section, the incidence_gf cancer death per man-rem has been
estimated to be around 200 x 10 °. This estimate is based on the slopes
of dose-effect curves for the incidence of leukemia and other cancers in
the groups of individuals considered. The types of cancer studied include
those of the breast, lung, GI tract including stomach, bone and all other
sites. The incidence of mortality from all cancers, including leukemia
is estimated to be 6 per rem per year and the total cases of cancer per
year including the non fatal cases is estimated to be twice this number
(BEIR Committee, 1972). For continuous exposuzg of 1 rem per year for
30 years the mortality rate is, thus, 180 x 10 . This estimate has
been rounded off to 200 x 1070 per man-rem for the equilibrium situation
reached after a large population has been continuously exposed to a
protracted dose for several years. These estimates are based on the
assumption of linear dose-effect relationships for low total doses for
which the incidence would be independent of the dose rate. In the dose
range actually involved in the human exposures considered, linearity may
be assumed on the basis of animal experiments, particularly those with
low LET radiations in the dose range of 100 rad. Therefore the above
risk estimates should be reasonably valid with the reservation that the
target tissue has fairly large radiosensitivity for the induction of
cancer. These risk estimates have been used as basis for quantitative
comparison with lung cancer mortality produced by benzo(a)pyrene.

3. QUANTITATIVE DATA FOR CHEMICAL CARCINOGENESIS
The methods of regression analysis have been generally used for obtaining
quantitative data for mortality due to chemical pollutants (6, 7, 8). The
basic model may be written as

X = Ao+ AlPi + A2Qi + e

where X; is the total cancer mortality rate in the city i, Pi is the mean
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concentration of pollutant P and Q; is the mean concentration of pollu-
tant Q (or some factor Q) in city i. Al and A_ are regression parameters
in the model and e is the unknown error term. “The regression parameters
are estimated by minimising the quantity

A%

L (X, -A -AP -AQ)2

=g 1 (o} 11 2%
The coefficients A, and A, provide a direct measure of the contribution
of the pollutants Tto the fotal risk2 The validity of the model can be
checked by 't' statistics and by 'R“' parameter as defined in reference
(9 . In using the above model it is necessary to use a wide range of
the values of X and to ensure that the variables P, Q, etc. are not
correlated. * For quantitative estimates of the risk of lung cancer, epi-
demiological data on benzo(a)pyrene and lung cancer incidence has been
used in the above model by different authors. For example, Carnow and
Meier (8) used the above model for finding the relative contributions
of benzo(a)pyrene and cigarette smoking to the incidence of cancer in
a population with known lung cancer death rate. Thgy estimated 5%
increase in the incidence for an increase of 1 ng/m~ of benzo(a)pyrene,
which will be used here for quantitative comparison with radiation
risks. Regression analysis also provided an estimate of the contri-
bution of cigarette smoking. For the estimated contribution of benzo(a)
pyrene, the lung cancer incidence would be doubled if the pollutant
concentration is increased by 20 ng/m~. Similar correlations can be
found for different chemical pollutants and the type of cancer they
cause if sufficient epidemiological data is available.

4. A COMPARATIVE STUDY OF THE RISKS

We are now in a position to compare the risks of ionizing radiations
and chemicals. The total risk of all cancers induced by radiations

is 200 x 1076 per man-rem, as explained earlier. If we take 257 of
the total cancers as lung cancersg (close to the estimates of BEIR
Committee), the risk is 50 x 10 ° per man-rem for whole body exposure.

Cancer of the lung and respiratory tract has been showing a continuous
increase in most industrialised cities of the world, and at the current
rate, incidence of 500 x 1076 may be taken as a representative world
mean. On the basis of 5% increase per ng/m3 of benzo(a)pyrene we get
25 additional cases per ng/m°. The avergge benzo(a)pyrene levels in the
urban areas are in the range of 1-4 ng/m”, the higher value being more
prevalent, which would give a contribution of 100 x 10™° to the lung
cancer mortality. So far no standards have been set for benzo(a)pyrene
in most countries.

The ICRP radiation dose standards for radionuclidesare set at levels
that would limit the whole body dose to 500 mrem/year. For thjis dose
to the lung, the lung cancer mortality rate would be 100 x 10™°, compa-
rable with the estimated current mortality rate for benzo(a)pyrene in
the urban areas. This would imply that for even a single carcinogen
benzd a)pyrene the current levels are comparable with the ICRP dose
limit for groups and individuals in the population.

Rem doge equivalent (RDE) of benzo(a)pyrene may thus be written as
8 ng/m”, corresponding to cancer mortality rate of 200 x 1076. 1In



this context it is important to note that recently "Committee-17" of

the Environmental Mutagens Society has suggested a unit called Rem
Equivalent Chemical (REC) for quantitative assessment of the genetic

effects of all environmental mutagens. Thus REC corresponds to the quan-
tity of chemical substance which produces an amount of genetic damage

equal to that produced by one rem of chronic exposure to ionizing radiations
in the same test system. As an example, the equivalent lifetime dose for
the nitrites, which are mutagenic, could be as high as 8 REC (10). The
estimates of REC are generally based on laboratory experiments with

simple biological systems. The concept of RDE proposed here could be
developed on the basis of epidemiological studies. The proposed RDE concept
can be extensively used for different cancers and causative agents, parti-
cularly cancers of the breast, bone and GI tract, for which human data

on induction by radiations is available. This concept would be of great
value in the laying of standards for radiations and chemicals on equi-
valent risk basis.

Experimental evidence shows that the effects of chemical carcinogens are
often synergistic, involving two or more causative agents. For example,
benzo(a)pyrene in the presence of heavy metals is known to enhance the
effect considerably. Therefore, future studies should include data on
both, and regression analysis could then be carried out using a single
regression parameter for the product of two pollutants. Such analysis
would be valid if the individual pollutants show very little effect but
when both are present, the effect is enhanced considerably.

To sum up, this paper has highlighted the type of epidemiological data

for chemical pollutants and the data on radiation risk estimates from
human experience and animal experiments, which could be used for realistic
assessment of the risks of cancer mortality. There is an urgent need for
extensive surveys to predict the likely hazards to which the world popu-
lation could be exposed in the absence of adequate control measures.
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Summary

In experiments on mice, rats and water living beings it has
been established that the range between threshold and meximum
permissible concentrations for radionuclides is 100 times and
more as for chemicals,. .

Under present circumstances when there is almost equal possi-
bility from economic point of view to produce ener%by utiliza-
tion of chemical or nuclear fuel, the problem of relative danger
of chemical and radicactive wastes for man and biosphere has key
significance. The separate available data and, in particular,
conclusions made by Jammet, Bellin et al /1/ allowed to suppose
that the relation of acube lethal intake (LI50 /30) to daily in-
take (DI) at the limits for population for. chemicals is
100-1000 times less than for radioactive substances. The data
from our review /2/ on relative danger of chemical substances
with known LI5O /% for human orgenism on the one hand and of
radionuclides on the other hand are shown in Table I.

Table I shows that the contempor: limits on intake for popu-
lation in case of radionuclides are orders more safe than in
case of chemicals according o the acute lethal index. .

The ratios of danger according to many other indices were exa-
mined by us in chronic experiments on mice and rats. During ell
life the animals (50 pieces per one substance and each concent-
ration) consumed drink water contaminated with separate radio-
nuclides or chemjcals from 1 to 106 of maximum permissible con-
centrations (MPC) for population. Among the invesgigated sub-
stances there wgre radionuclides: ©0Co (1,2 X 1079),
627Zn (4,0 X 10” sr (1,3 ¥ 10~10), 1/cs (1,5 x 1079,
23mg (8,0 x 10~93, 210pb {4,0 x 101, 210p0 (2,4 x ©0-'11),
226Ra (4,0 X 1011} and chemlcals; methyl mercury (0,0001), sub-
limate (0,005), nitrate lead (0,1), strontium (2,0), beryllium
(0,0002), hexamethylendiamin (0,01}, chlorophoss (0,05). Their
MPC's are put in brackets (for radionuclides in Ci and for che-
migals in per litre of water).

The so-called "threshold concentrations" (TC) for a given num-
ber of animals were determined with respect to 14 indices (see
Table 2). The obtained results are given as common logarithms
for the ratios of TC to MPC.

The range between MPC and TC for radionuclides was found to be
average 100 times &s much as for chemicals. The sensitivity of
all tests used ma{ be considered identical. Only the “atypical
cells" and "autoallergy" showed a little higher sensitivity.

The lesser danger of radiosctive contamination is particularly
evident for water living beings. This has been shown in our expe-
riments when those beings were kept in aquariums conteminated
separately by the above radionuclides and chemicals.
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The approbated tests and common logarithms of the ratios bet-
ween MPC and TC are presented in Table 3.

The concentrations of radionuclides 100,000 times higher than
MPC turned out to bPe ineffective for the most of water living
beings with the exception of tadpoles. The exception needs a re—
peated verification. As for chemicals it was enough, as a rule,
to keep the concentration on MPC-level or 10 times o% MPC for
discovering their effects. Death-rate of Daphnia magna from
chlorophoss increased even below concentration of 0.01 MPC.

Our data confirm the known conclusion, that progress of nuc-
lear energetics leading to decreasing oi chemical contamination
of the environment is one of the best prophylactic measure from
the hygienic point of view.
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Table I. Comparative danger of chemical and
raedioactive substances after ingestion

Substange LI5O /30 DI Ratio of
of single Llsg/3 Yo DI
intake '

I. Chemicsls: -
Cyenide of Ne,K.. 0.12 g 0.2mg 6.0 X 10°
Arsenic (4s™)  0.12 g 0lmg 12X 10°
Stiblum 1.00 g 0.1mg 1.0 X 0
Insecticide DDT  6.00 g 0.2mg 3.0 x 1%
Mercury
( sublimate) 0.50 g 0.01 mg 5.0 X 10

II. Radionuclides: o -

: Hgq : 210 mCi 3.3 X 107°CL 6.4 X 107

' 72001 7.0X%x 071 1.0 x 10°
N5z % mwi 2.6 X 0" Pci 2.6 x 108
22%ga 35 w1 0.79 x10 ¥ci 4.3 x 108

Teable 2. Common logarithms for ratios of the
threshold concentration to maximum pexr—
missible concentration of redionuclides

and chemicals

Biological test

log of ratios

log of ratios

for radionuclides for chemicals

Life time

Function of nervous system

(threshold of semsitivity)

Physical endurance (running)

Funection of reproduction:
- menstrual cycle .
- ability for pregnancy
= nuniber of new-borms
- survival of offsprings

Immunologlc reactivity:

. = nonspecific immunity
- auboallergy

Blood test

erythrocytes

leucocytes

lymphocytes

neutrophils

atypical cells

Average

4.8

4.1
5.0

4.6 £ 0.2

3.0

2.2
2.5

241
2.7
2.7
3.0

2.7
1.9
2.3
2.9
2.8
3.0
2.5
2.6 # 0.1
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Table 3. Estimation of danger to some water living
beings from radiocactive and chemical

substances
Biological test and log of ThC/MPC  log of ThC/MPC
species for radio- for chemicals
nuclides ( renge)
Death-rate of spewn
(Coregonus peled Gemelin) >5 2-0
Larvae abnormalities
(Coregonus peled Gemelin) 5 3-0
Acceleration of "hatching
(Coregonus peled Gemelin) >5 2-0
Death-rate of tadpoles
(Rana temporslae) >5~3 3 -1
Death-rate of snails (Fissa) >5 2-1
Death-rate of (Dephnia magna) >5 3-(-2
Death-rate of infusorians
(Paramecium caudatum) >5 4 - 1
Inhibition of microflora
( seprophytic) >5 4 -1
Inhibition of biochemical

consumption of oxygen >5 4 -1
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N° 410

A RELATIVE RISK ESTIMATION OF EXCESSIVE FREQUENCY
OF MALIGNANT TUMORS IN POPULATION DUE TO DISCHARGES
INTO THE ATMOSPHERE FROM FOSSIL-FUEE AND NUCLEAR
POWER STATIONS

L.A. Ilyin, V.A. Knizbhnikov, R.M. Barkhudarov
Institute of Biophysics, Ministry of Public Health
of the USSR, Moscow, D-182, Zhivopisnaya, 46

The leading role in environmental pollution belongs to the
production of electrical and thermal energy.

Recently there appeared a number of papers dealing with a re-
lative estimation of detriment to the environment and human
health due to discharges into the atmosphere from nuclear pow=-
er stations (NPS) and power stations of traditional type using
fossil=-fuel (FFPS) (1-6). The estimation of detriment from
FFPS is usually performed in these papers basing on the most
important components of their discharges, i. e. fly ash, sul-
fur and nitrogen oxides. However, these papers do not allow
one to compare discharges from NPS and FFPS according to simi-
lar and clear parameters of detriment since the only currently
adopted possible effect of discharges into the atmosphere fpom
NPS is potential risk of excessive frequency of canter and ge-
netic injury. In some papers and attempt has been made to com-
pare discharges from FFPS and NPS according to adequate para-
meters, i. e. the degree of radiation exposure of population
because discharges from FFPS contain natural radionuclides (2-
6). These papers, however fail to consider the whole range of
natural radionuclides, and to calculate radiation risk. A4ll
this mekes comparison more difficult since discharges from
FFPS and NPS result in irradiation of different organs and
tissues which in addition have various radiosensitivity.

In our paper we made and attempt to estimate radiation risk

due to all main natural radionuclides which are contained in
discharges from FFPS and to determine risk due to chemical
cancerogenic substances released from FFPS., The study was made
on the base of the modern Kamensk-Dneprovsk state district pow-
er station (SDPS) whose power is 1.200 MW (e ) and which ope-
rates on coal mined in the Donetz Basin. In addition we used
some data obtained at studying the environment around the Sha-
tursk SDPS and the Kokhtla-Yarve FFPS. Radiation exposure of
population to gaseous-—aerosol discharges of NPS is given from
the literary data on water—cooled power reactors (7). It has
been estimated that 1 g of fly ash from the Kamensk-Dneprovsk
SDPS avaragely contains (pCi): radium=-226 - 5,0, radium-228 -
3.1, thorium-232 - 5,0, potassium-40 - 50, plumbum~210 - 12.0,
polonjum-210 - 12,0, The coal content of radon-222 was from 0.3
to 2.0 pCi/g. The calculations were made with allowance for the
effect of daughter radionuclides and the accumulation of radio-
nuclides in the environment as a result of the power st&tions
operating for the period of 20 years. Contamination of food
products was estimated on the base of air and soil routes of
intake. An estimation of radionuclide content in the buman body
was made by the ratio between radionuclide intake and its con~
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tent in the given organ which is characteristic of the natu-
ral conditions. The accumulation factor of radium-228 is as—
sumed two times less than that of radium-~226. It was also as-
sumed that when coal is being burned all radon which is con-
tained in it was released to the atmosphere. Potassium~40 was
considered only as a source of eXternal irradiation (due to
homeostatic mechanisms limiting natural potassium intake).
Transfer of thorium-232 through the food chains was not con-
sidered because of its extremely low absorption from the gas-
trointestinal tract. At calculating doses to the surrounding
opulatipn we assumed that all ash released from SDPS

1.26°107 tons per year) is deposited in the range of 18 km
from the station. Calculation of the risk of excessive deaths
due to radiation exposure was made on the base of the linear
"dose - effect" dependence (8).

The data on radiation exposure of the population in the USSR
living near NPS are given in Table 1.

o

RADIATION DOSE DUE TO RADIONUCLIDE

15703 9oSr 131I.. Inert radio- 2:

Critical organ

active,

gases**
The whole body 0,004 - - 0.3%6 0.36
Bone tissue - 0.29 - - 0.29
Thyroid* - - 2.2 - 2.2
Bone marrow - 0.02 - - 0,02

* Dose to the infants younger than 1 year.
** Dose at the border of the sanitary-protective zone.

TABLE 1 Mean Individual Radiation Doses
to Individuals From the Population
of the USSR due to the Actual
Radioactive Dischgrges From NPS in 1975
(mrem/yeer per 102 MW (e)

The data on radiation exposure of the population living near
FFPS are given in Table 2,

The absorbed doses due to long-lived radionuclides given in
Tables 1 and 2 reswlt from the continuous 20-year-operation
period of power stations. Comparative data on the radiation
risk for the population living near power stations are given
in Table 3.

The data of Table 3 indicate that the radiation risk to the
population living near NPS (on condition of their normal ope-
ration) is about 30 times less than that to the population
living near FFPS. This ratio is also valid fgg high~power
boiling reactors though their discharges of 11 are increas-
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_ RADIATION DOSE DUE TO RADIONUCLIDE

226Ra 228Ra 210Pb 210P° 232Th 4OK 2:

Critical organ

Bone tissue 0.74 0.0024 19.3 93,0 - 0,45 113.8
Bone marrow 0.05 5.10 1.9 13,1 - 0.45 14.5
Lungs 0.71 0.1 1.44 0,88 5708 0.45 1.4
The whole body -~ - - - - 0.55 0.53

TABLE 2 Mean Individual Radiation Doses
to the Population Living near FFPS
Operating on Cool (mrem/year per 103 MW (e)

CAUBE OF DEATH FFPS NPS
Leucosis 4401077 5.5-’!0'5
Bone tumors 1.,141072 2.9¢1072
lung tumors 1,710~ -
Various types of tumors +2 @3

due to whole body irradiation 1.1+10 75010
Thyroid tumors* - 3,601077
All sbove causes 244010° 7.641072

* With allowance for the dose distribution according
to age.

TABLE 3 The Risk of Increased Mortality
for the Population Living Near NPS
and Coal FFPS Prom Malignant Neoplasms
due to_Irradiation (lethel cases
per 1 > population per year with the power
of 102 MW %e)

ed risk of lung cancer which may be caused in the vicinity of
FFPS by radionuclides penetratingi the lungs with ashes. The
dose to the lungs from fly ash is calculated on the assumption
that 100% of the particles reach (due to high dispersion) lung
alveoli. But the risk due to both the effect of radium-226,
plumbum-210 and polonium-210 penetrating the body with food
products and the irradiation of the whole body by potassium-40
accumulating on the soil is also increased near FFPS. It is to
note that the absolute value of radiation risk (resulting from
discharges) to the population living near power stations is
not lgrge in both cases. In the case of the population group
of 102 persons living near FFPS it can be (theoretically) ex-
pected that about 15 additional death cases from cancer will
occur during life of one generation (with the mortality leve%
from spontaneous cancer during this time period being 1.5¢102)
{10), while in the case of the same population living near NPS
not a single case of additional cancer is expected.
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The corresponding calculations made for FFPS operating on
black oil show that irradiatdon of bone tissue and bone mar-
row and lungs due to their discharges is 5 and 30 times less
per power unit respectively than the corresponding values due
to discharges from FFPS operating on coal.

It is known that not only radionuclides but also chemical sub-
stances contained in the discharges from FFPS may be cancero-
genic., The most well known and active among the latter subst-
ances is 3,4-benzapyren (3,4-BP). We determined the content

of this substance in fly ash released from FFPS of several
types. Depending on the fuel type and the character of its
burning the content of BP in ash ranged from O.14 Mg/kg (Do-
netz, coal ash at the Kamensk-Dneprovsk SDPS) - 0.17 Mg/kg
(peaty ash from the Shatursk SDPS) to 1870 Mg/kg (shale ash
from the Kokhtla-Yarve FFPS). The greatest content of BP is
observed when the fuel burning is not complete which is the
case at less modern and low-powered FFPS., The estimated cont-
ent of 3,4-BP (due to fly ash from FFPS) in the air of the
Kokhtlae~Yarve city calculated on the assumption that the dust
content in the air of the city is at the level of meximum-per-
missible dust concentration (0.15 mg/m”) and the possible risk
of additional deaths from lung cancer determined from the stu-
dy (11) are given below: concentratiog of 3,4-BP in the air
due to fly ash from FFPS - 0,028 mg/m?; risk of increased mo
bidity corresponding to the 3,4-BP concentration of 0.1 mg/m
(cages per year) - 13 per 10 gf population; risk due to 3,4-
BP content in the air - 3.6°10° of population; dose of lung
irradiation which induces the risk equal to the risk from 3,4-
BP in the discharges - 1 rem/year; actual lung cancer rate at
Kokhtla~Yarve in 1970 (10) - 34 per 102 of population. The da-
ta on the risk from 3,4-BP should be regarded as tentative on-
es because data characterizing the "dose - effect" dependence
of this substance are not available. These data are rather
conventional but they make it possible to estimate that the
risk due to 3,4-BP in discharges from FFPS is probably much
more significant than the summary risk from all types of irra-
diation to which the population is subjected due to contamina-
tion of the environment by radionuclides. If the burning of
coal is more complete as it is the casec at modern FFPS the
risk from 3,4-BP will be negligible. However, it should be not-
ed: that fly ash from coal FFPS contains iron oxides and oxides
of other metals., Our experiments on mice with inhalation route
of iron oxide intake (2.5 mg per mouse) showed that this subst-
ance could cause lung cancer in the majority of animals, Some
data on high cancerogenic activity of nickel are available.
Nickel as well as vanadium, silver, iron and other methls are
contained in large quantities in ash of FFPS operating on black
0il. In the ash of o0il from different deposits there are from
245 to 36% of nickel and up to 74% of vanadium (12).

Conclusions

The risk of excessive deaths from malignant tumors in_popula-
tion living neay NPS is practically negligible (n+10-2 cases
per year per 1 persons). This risk is about 30 times less
than the risk from radionuclides contained in discharges from
FFPS operating on coal.
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Discharges from FFPS operating on coal and black oil contain
metals and chemical cancerogenic substances causing additio-
nal risk which often significantly exceeds the risk from ra-

dioactive components of discharges. i
REFERENC S
(1) U3PA3NbL, 0.A., TEBEPOBCKU#A, E.A., AroMHas sueprma 31
4 (1971) 423

§2g EISENBUD, M., PKTROV, H.I.,Science 144 (1964) 228

%) MARTIN, I.E., et al., "Radioactivity from fossil~fuel and
nuclear power station", Environmental Aspects of Nuclear
Power Station (Proc. Symp. New York, 1970) IAEA, Vienna
(1971) 325

(4) JAWOROWSKY, 2., et al,, "Radiation hazards of the popula-
tion resulting from conventional and nuclear electric
power production", Environmental Surveillance around Nuc-
lear Installation (Proc. Symp. Warsaw, 1973) I, IAEA, Vi-
enna (1974) 403

(5) NISHIWAKI, et al.,, "Atmospheric contamination of indust-
rial areas including fossil fuel power station and a me~
thod of evaluating possible effects on inhabitants", En-
vironmental Aspects of Nuclear Power Station (Proc. Symp.
New York, 1970) IAEA, Vienna (1971) 247

(6) JAWOROWSKI, Z.,, BILKIEWICZ, I., ROMNACKA, L., et ai.,
"Artificial sources of natural radionuclides in environ-
ment", 2nd Int, Symp. Natural Radiation Environment,
USAEC Symp. Sci. (1975)

(7) BURNAZYAN, A.I., VOROBYEV, E.I., ILYIN, L.A., et al,,
"gvaluation, prediction and regulation ¢f radiation doses
to the population due to operation of nuclear power sta-
tions in the USSR" (the report IAEA-SN-36/351 submitted
to the Int. Conf. on nuclear ener and its fuel cycle,
Salzburg, Austria, May 2-13, 1977§y

(8) %ﬁ§g§§l Radiation Sources. Rep. UNSCEAR I/AC, 82/R, 297

(9) SAUROV, M.M., KNIZHNIKOV, V.A., TURKIN, A,D., "Modern
problems and some new concepts in regulation of radiation
exposure of radiation workers and population", Population
Dose Evaluation and Standards for Man and His knvironment
(Proc. Symp.) IAEA, Vienna (1974) 277

(I0) 3adomepaemocTs Hacenenma CCCP 3noxayecTBeHHHME HoBoOOpa-
B0BAHUAMU U CHBFTHOCTL or Hux, Mezuyuna, Mocksa, 1970

211; AHHIEBA ﬂ.ﬁ., UTHEHA 1 caHHTaﬁﬂﬁ 6 (I§72 87

12 HOBPHHC&M » Acd., Xumua Hedru, Jenuurpaz, 1961

193



N° 016

ESSAI EN VUE D'UNE CONCEPTION GENERALE POUR L'ETUDE DES EFFETS
RESPECTIFS DE L'EXPOSITION AUX RAYONNEMENTS IONISANTS ET A DES
POLLUANTS D'AUTRES TYPES

R. BITTEL

Commissariat & 1'Energie Atomique, Département de
Protection, B.P. n° 6 — 92260 FONTENAY-aux—ROSES

ABSTRACT

An approach to a comparative quantitative study of the respective effects of
ionising radiations and a number of chemical pollutants showed that chemical
pollutants often come into play by formation of free radicals, just as ioni-
zing radiations do. The steps leading to the concept of a cammon unit of ac-
tion and detriment are discussed.

1. INTRODUCTION

L'une des difficultés pour une évaluation comparative des effets respectifs
d'une exposition aux rayonnements ionisants,d'une part, et aux pollutions
chimiques,d’autre part, est de manquer d'unités commmnes d'action. lLes pre-
miers agissent sur la matiére par l'énergie qu'ils délivrent aux tissus, éner-
gle caractéristique de 1'émetteur, les effets restant fonction de la radiosen-
sibilité des différents tissus. D'autre part, les doses d'irradiation provenant
de plusieurs émetteurs sont considérées comme additives. La situation est, en
apparence au moins, tout autre, en ce qui concerne les pollutions chimiques :
dans ce cas, les modalités d'atteinte des tissus paraissent variées ; en géné-
ral, les effets ne sont pas additifs,car il existe des synergies et des anta-
gonismes dont les mécanismes sont souvent mal connus. Pourtant, 1'examen cri-
tique des documents scientifiques disponibles montre que beaucoup de camposés
chimiques déversés dans le milieu induisent la formation de radicaux libres,
came c'est le cas des radiations ionisantes (1).

L'objet de la présente communication est de contribuer a 1l'élaboration d'une
conception générale pour évaluer coamparativement, d'une part, les effets des
rayonnements ionisants, d'autre part,ceux d'un certain nombre de polluants
chimiques induisant des radicaux libres dans les milieux physiques et les mi-
lieux biologiques.

2. FORMATION DE RADICAUX LIBRES PAR DES POLLUANTS CHIMIQUES

On se limitera ici a domner quelques exemples particuliérement importants.
Parmi les polluants chimiques provoquant la formation de radicaux libres, il
faut citer les oxydants en premier lieu et, en particulier, 1l'oxygéne. Il sem—
ble paradoxal de considérer 1'oxygéne comme un polluant ; pourtant tel est bien
le cas pour les anaérobies stricts et, dans une moindre mesure, pour les facul-
tatifs. L'agent responsable de la toxicité est le radical superoxyde 02~,pro-
duit dans diverses réactions enzymatiques oxydatives. les organismes
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1'oxygéne sont munis d'un systéme enzymatique de défense ; une superoxyde-
dismutase et la catalase (2). Par ailleurs, 1l'oxygéne singulet qui, en par-
ticulier,résulte de la décamposition de 1l'eau oxygénée parait &tre i 1'ori-
gine de toute activité bactéricide ou fongicide (3) en formant des hydroper-
-oxydes des constituants nucléiques. L'ozone, consituant normal de 1'atmosphére,
est produit lors de nombreuses activités humaines. C'est un constituant impor-
tant des smogs oxydants. Son action sur les membranes cellulaires, notamment

au niveau du poumon,implique ia formation de radicaux libres d‘'acides gras in-
saturés (4). Le fluor et divers radicaux fluorés, le nitrate de peroxyacétyle

et le radical peroxyacétyle provoquent &galement la formation de radicaux
libres.

Parmi les composés a action tératogéne, mutagéne ou cancérogéne, il faut citer
les nitrosamines trouvées dans divers produits alimentaires (5), des époxydes
de carbures polycycliques, la dioxine formée par l'action de la chaleur sur un
défoliant trés utilisé. (2,4,5 T) (6), enfin des composés, telle 1l'aflatoxine
produite par des micro-organismes (7).

3. DISCUSSION

La formation de radicaux libres n'est donc pas le seul fait des rayonnements
ionisants, c'est aussi celui de l'exposition & un grand nombre de polluants
chimiques, qui, malheureusement, sont parmi ceux qui sont les plus fréquents.
Il est clair que, quel que soit l'agent physique et chimique inducteur, les
radicaux formés sont les mémes. Les radicaux libres semblent étre les média-
teurs communs & la base du détriment résultant de l'action de ces agents. Il
parait donc logique, a partir de ces données, de s'orienter vers le concept
d'une unité cammune d'action, un "équivalent rem" en quelque sorte, ce qui
permettrait une évaluation quantitative et comparative des effets d'un grand
nombre d'agents de natures différentes. Pratiquement, cette démarche nécessite
la mesure des radicaux libres, donc le recours a un appareillage spécialisé et
cofiteux. En ce qui concerne les organismes du milieu, il peut paraitre plus
simple de recourir & 1'examen des détriments macroscopiques ou microscopiques,
voire biochimiques et génétiques, occasionnés par les différents agents de nui-
sance. La recherche d'organismes tests particulidrement sensibles aux divers
agerrts apparait alors comme tr@ssouhaitable (8).
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LA RADIOPROTECTION, UN EXEMPLE POUR L'HYGIENE
INDUSTRIELLE NON NUCLEAIRE

J. CHALABREYSSE

Institut de Protection et Sécurité Nucléaire

Département de Protection - Laboratoire de

Surveillance des Nuisances de 1'Homme et de

son Environnement - Commissariat & 1'Energie
Atomique B.P. 38 26700-PIERRELATTE

1 - EXPERIENCE ACQUISE
1.1. Radioprotection

Depuis 1962, j'exerce mon activité professionnelle au Commissariat & 1'Ener-
gie Atomique (Centre de PIERRELATTE - DROME) oli je dirige un Laboratoire
dont la mission est d'effectuer les analyses et contrdles relatifs & la
Surveillance des travailleurs (Hématologie, Biologie, Toxicologie, Radio-
toxicologie Médicales), et A la protection dans les installations et 1l'en-
vironnement (eaux, effluents, sols, animaux, végétaux). Cette Surveillance
s'étend sur le Centre de PIERRELIATTE, COMURHEX, SFEC.

1.2 - Hygiéne Industrielle

Par ailleurs, depuls 8 ans & présent, dans le cadre des missions de Diver-
sification du Commissariat & 1'Energie Atomique (Coopération Industrielle
non Nucléaire et Programmes d'Intérét Général) nous mettons notre expé-
rience, nos moyens, notre potentiel au service des entreprises, des collec-
tivités de travail etc... dans le domaine particulier de 1'Hygidne Indus-
trielle (= ensemble des problémes sanitaires que pose 1'Homme autravail),
par 1'intermédiaire de notre filiale ECOPOL,

Le Laboratoire de PIERREIATTE est agréé, & divers titres, par différents
Ministéres et organismes officiels (Ministires de la Santé, du Travail,
de la Qualité de la Vie, Agence Financiére de Bassin Rhone-Méditerranée-
Corse). Nous intervenons dans les entreprises industrielles & la demande
de leurs Médecins du Travail, des Ingénieurs de Sécurité, des Directeurs
d'entreprises, ou des Médecins Inspecteurs Régionaux du Travail et de la
Main-d'Oeuvre. Nos interventions consistent & :

. évaluer le niveau d'exposition des travailleurs aux différentes nuisan-
ces professionnelles (physiques et chimiques de toute nature)

. étudier les postes de travail

. proposer des solutions ou donner des conseils pour diminuer ou suppri-
mer les nuisances

. étudier la toxicité des produits manipulés par les travailleurs

. rechercher de nouveaux procédés de fabrication, ou améliorer ceux exis-
tant afin d'atténuer ou supprimer les nuisances.

. contrdler les rejets d'effluents et la pollution de 1'environnement
industriel.

Notre expérience, tout en étant relativement récente, s'étend A différen-

tes branches d'industrie (matidres plastiques, chimie, métallurgie, élec-

tronique, mines etc...) se préoccupe de toutes les nuisances physiques ou

chimiques (Mercure, Plomb, Chlorure de vinyle, Amiante, Cadmium, Hydrocar-
bures benzéniques, Solvants chlorés, etc...) et couvre sensiblement toute

la France,

A titre d'exemple nous pouvons citer les quelques interventions suivantes

parmi les plus caractéristiques :

. étude et définition des risques de saturnisme dans 13 entreprises de la
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Région Rhfne-Alpes utilisant du Stéarate de Plomb.

. étude, définition des risques et recherche des produits toxiques dans
une Société d'eau minérale fabriquant elle-méme ses bouteilles en matiére
plastique & partir du chlorure de vinyle.

. étude en continu des risques d'inhalation d'oxyde de carbone par le per-
sonnel des postes de péages d'autoroutes. _

. étude dans 5 départements du Sud-Est des risques toxicologiques encourus
chez les travailleurs agricoles manipulant des pesticides organophosphorés
. étude des postes de travail dans une entreprise fabriquant des produits
réfractaires (hydrocarbures aromatiques, phénols, isocyanates).

. Définition des risques diis au Mercure dans une industrie de matériels de
précision.

2 - COMPARAISON INDUSTRIE NUCLEAIRE ET INDUSTRIE CLASSIQUE

Dans ces conditions, nous pouvons apporter notre contribution & la compa-
raison d'une part des risques tels qu'ils existent dans la réalité pour les
radiotoxiques et pour les composés chimiques classiques et d'autre part &
la protection des nuisances professionnelles dans 1'industrie nucléaire et
dans 1'industrie conventionnelle,

2.1, Industrie Nucléaire

Si 1'on considére 1'industrie nucléaire, les risques existant et la protec-
tion qui s'exerce on peut affirmer les faits suivants :

. les risques théoriques 1iés & la manipulation, 1'utilisation, ou la pro-
duction de composés radiocactifs sont réels, particuliérement graves et par-
faitement connus.

. les effets et le métabolisme des radiotoxiques ont été bien étudiés, et
sont bilen répertoriés,

. les normes d'exposition et de Surveillance des travallleurs sont bien dé-
finies et admises & 1'échelon international.

. la prévention et la protection s'exercent & tous les niveaux depuls la
conception de 1'installation, et durant tout son fonctionnement.

. les accidents réels dans 1'industrie nucléaire sont tras rares.

2.2. Industrie classique

Qu'observons-nous dans 1'industrie conventionnelle ¢

. les risques auxquels peuvent &tre soumis les travailleurs sont théorique-
ment aussi redoutables que dans 1'industrie nucléaire (le benzéne peut gé-
nérer des leucémies, le chlorure de vinyle des angiosarcomes du foie,

les métaux lourds peuvent provoquer des néphrites etc...)

. la connaissance exacte des risques est imparfaite et évolue chaque jour ;
i1 suffit de citer le cas du chlorure de vinyle dont la toxicité s'est ré-
vélée dans son ampleur au cours de ces dernidres années,

..le métabolisme des toxiques chimiques est partiellement connu tels ceux
du Mercure, des Pesticides, des Hydrocarbures etc... Les relations entre
les taux d'excrétion urinaire ou fécale et les valeurs absorbées ou sto-
ckées dans l'organisme pour un composé chimique classique ne sont ni con-
nues ni quantifiédes,

. les normes professionnelles d'exposition aux toxiques chimiques n'exis-
tent pas en France ; on doit utiliser les valeurs proposées par les USA,

I1 est vrai que la définition de ces normes pose de délicats problémes

que 1'on ne rencontre pas pour les radiotoxiques qui ont comme dénomina-
teur commun 1'équivalent de dose maximal admissible alors que lleon est
bien incapable actuellement de définir un équivalent d'effet chimiotoxique
maximal admissible,

. la Surveillance biologique et toxicologique d'une exposition profession-
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nelle & des chimiotoxiques est empirique, et laissée A 1'appréciation in-
dividuelle de chaque médecin du Travail,

. au stade de la conception des installations,les risques 1iés aux procé-

dés de fabrication ou aux produits. toxiques manipulés ne sont pas le plus
souvent pris en compte,

. les risques pour l'environnement industriel sont, a 1'heure actuelle,

pris en considération dans le domaine des effluents liquides par 1'inter-
médiaire des Agences Financitres de Bassin, mais la pollution de 1'air n'est
pas réglementée,

. les niveaux réels d'exposition des travailleurs aux nuisances profession-
nelles classiques (Bruit, température, pollution chimique) sont beaucoup

plus importants dans 1'industrie conventionnelle que dans 1'industrie nu- .
cléaire, C'est ainsi que nous mesurons dans les urines de travailleurs d'ate-
liers de décolletage de la Haute-Savoie des taux d'excrétion d'acide trichlo-
racétique qui atteignent 400 & 600 mg/litre .soit plus de 10 fois la limite
considérée comme maximale admissible ; en ce qui concerne le mercure, il nous
est arrivé de mesurer des excrétions atteignant en Surveillance Systématique,
200 & 300 microgrammes par litre dans des industries des Bouches du Rhéne.
Les exemples pourraient &tre cités en trés grand nombre.

3 - LA RADIOPROTECTION DOIT SERVIR D'EXEMPLE

De cette comparaison on peut tirer les conclusions suivantes :

- 1'énergie nucléaire présente des risques incontestables pour les travail-
leurs. Pour nous qui avons 1'expérience depuis 15 ans de ce type d'industrie,
nous pouvons affirmer que ces risques sont 2 1'heure actuelle parfaitement
maitrisés tant au niveau de la prévention que de la protection collective et
individuelle, Geci est fondamental car 1'énergie nucléaire n'aurait jamais
connu le développement qu'elle connalt A présent si ces risques n'avaient pas
été maitrisés.

- C'est en celd que 1'industrie nucléaire doit &€tre un exemple pour 1'indus-
trie conventionnelle et la radioprotection servir de modéle a 1'Hygidne Indus-
trielle non nucléaire : les méthodes mises en oeuvre dans 1'industrie nucléai-
re pour connaltre les risques, les effetis, le métabolisme des radiotoxiques,
définir les normes d'exposition professionnelle, codifier les procédés, les
rythmes de Surveillance biologique et radiotoxicologiques doivent &tre trans-
posées A 1'industrie conventionnelle afin d'améliorer les conditions de
travail,
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A COMPARISON BETWEEN WORKER DEATHS IN MODERN INDUSTRIES AND IN
NUCLEAR ACTIVITIES

L. Failla
Chairman of SC/4 "Radioactive Sources" - UNICEN
¢/o CNEN - 125 Viale Regina Margherita - 00198 Rome, Italy

1. INTRODUCTION

Technological progress produces a certain number of human victims
through accidents or diseases. The consequences may be fatal, or
conditions of illness or disability (temporary or permanent),
involving both the present and the future generatiomns. The
casualties may be directly commnected with production, or linked
indirectly to the progress. They may be due substantially to: (1)
fortuitous and wholly unforeseeable, and therefore calculable
only a posteriori through statistical processes, (2) foreseeable
and therefore "preventable" by suitable technical measures and
prevention rules, (3) unforeseeable and not previously known,
but which become known on occurrence and therefore raise new
sets of problems, and (4) foreseeable, calculable and accepted

a priori.

With respect to known risks, man can take different attitudes:
(a) studying and applying the technical measures required to
reduce or eliminate them, regardless of the cost involved, (b)
discontiuing the activity or production if the cost exceeds the
benefit or if no measures to control them can be found, (c)
continuing production while at the same time continuing to seek
the necessary measures, and (d) evaluating and accepting the
risk up to a certain relation with cost.

This paper is concerned only with fatalities directly connected
with production, in both the conventional and nuclear fields.
Even with this limitation, however, it is very hard to obtain
international statistical data, which we can compare with a fair
degree of approximation, because of the great number of
variables involved.

After decades of work, the ILO, in the field of conventional
industry, has succeeded in furnishing comparable data, but
limited to industrial accidents (1). No solution has yet been
found, however, for the statistical problem of occupational
diseases and of the comparability of the consequences (deaths,
permenent and temporary disability) (2) (3).
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In the field of nuclear energy, instead, it has proved possible,
even though there are still differing opinions, to evaluate with
a fair degree of approximation the risk of fatal cancer to the
workers in relation to the absorbed doses of ionizing radia-
tions. Based on these evaluations the values of the maximum
permissible doses have been set, accepting a risk after having
evaluated it. This is, in substance, the case envisaged in point
(d) above.

The present difficulty or even impossibility of making a
scientifically sound comparison between risks in nuclear
industry and in other sectors of production therefore appears
evident, even if fatalities alone are considered. It should also
be borne in mind that, while in conventional industries the
numerical data are recorded among occurred facts (a_posteriori),
in nuclear industry foreseeable risks are calculated (a_priori).
It is possible, however, to make certain considerations on the
basis of the data available in the literature.

2. CONVENTIONAL INDUSTRY

In the area of conventional industry, it has been possible to
work out an Italian figure for the period 1965-71 (4). It is an
average value of 0.11% deaths due to occupational diseases per
year.

As regards deaths due to accidents, developing the ILO data (1)
we obtain, on a world-wide level, in the decade 1965-74, the
following average percentage annual values for the various
industries: mining 0.11, manufacturing 0.019, construction

0.067, railroads 0.045.Average among the various industries:0.06%

Extrapolating the above mentioned Italian figure on a world-
-wide level, we find an annual average of fatal events (by
accidents and diseases) of 0.071%.

3. NUCLEAR INDUSTRY

From a recent report by E.E. Pochin of AEN-OECD (1976) (5) and
from other sources we can extrapolate, based on the main sources
and assuming "linearity", the different values of the risk of
the number of fatal cancer cases resulting from the maximum
permissible dose (5 rem/yr) per 100 workers and per year: 0.02
{excluding thyroid cancers) (ICRP 8, 1965); 0.06 - 0.07 (UNSCEAR
Report, 1972); 0.05 - 0.16 (BEIR Report, 1972); 0.05 - 0.1 (5),
(6), i.e. within the range of 0.02% minimum to 0.16% maximum.,
For the total of 40 working years the values range from 0.8% to
6.4%.
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As regards the doses received by workers as a result of nuclear
accidents, as no significant statistics are yet available,
efforts have been made to obtain some information by an
indirect process. In the first place, it should be borne in
mind that even in serious nuclear accidents a nuclear risk is
not necessarily present. A parameter must then be established

to detect the presence of this risk: it could be established
by exceeding of the maximum permissible dose (5 rem/yr) (8).

Prom a NRC Report (7) and a recent paper by Baker (8) it appears
that, on a total of 85,097 "monitored" workers, employed in the
nuclear sector in_ the U.S. in 1974, 51,806 received unmeasurable
doses and 13,760 got doses of less than 0.10 rem and that as few
as 262 got more than 5 rem. These cases of overdose involve a
total of 1,808 rem, with a death risk ranging, according to the
various sources, from 0,08 ¢ 10-3% and 0.68 - 10-34,

4, CONCLUSIONS

By way of information only, and therefore with all of the
appropriate reservations, extrapolating Italian data concerning
deaths by occupational diseases in the conventional indusiry
and U.S. data on doses to the workers in the nuclear industry
to the world situation, the following can be deduced:

Worker deaths in conventional industry, per year:

R = accident deaths per year = 0.5
" deaths per year from occupational diseases = ~°

Risk of death to workers in nuclear industry, per year:

_ risk of accident death
" risk of death from occupational diseases

-3
=4 + 1077

The basic difference in trends is obviously due to the fact that
in the nuclear field the higher risk is contained in the range
of doses regarded as acceptable, given the number of workers who
may theoretically be exposed to hem. According to Baker (8) and
many others, instead, the doses actually received by workers are
much lower than those permissible and therefore these values can
definitely be lowered, similarly to what has already been done
in West Germany (9) and proposed in the U.S. (10).

For the methods of the evaluations, for the completion of

conclusions and for complete references of this paper, those
interested may wish to read its full text.
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AN EVALUATION OF 'RISK' F0M SURVIVAL AND MUTAGENESIS STUDIES

J C Asquith, P D Holt and J A B Gibson
Environmental and Medicsl Sciences Division, AERE Harwell, UK.

le INTRODUCTION

The idea that a cancer may be the end product of a series of independ-
ently occurring somatic mutations was {irst suggested by Nordling
(1) to explain the relationship between death-rate from all human
cancers and the age at which death occurred. Although the somatic
mutation theory of carcinogenesis has not been universally accepted,
it has been applied by different workers to spontaneous, radiation
induced and chemically induced tumours as well as those caused by a
combination of rediation and chemical insults. Different groups
have suggested different numbers of mutations are required for
carcinogenesis. These range from two (2,3) to twelve (4) independ-
ent mutations being required in the same cell.

We have used the simplest of these suggestions, the two mutation
hypothesis, to generate a theoretical carcinogenesis curve from our
experimental data on the survival and mutation of Chinese hamster cells
exposed to single doses of 60Co gomma radiation. The application of
the data in this preliminary study to predict tumour induction in the
whole animal should enable us to determine those areas which require
further investigation.

2 EXPERIMENTAL DATA

The survival and mutation experiments were carried out on a V79-4
subline of Chinese homster fibroblasts. The mutegenesis system we

have used is the development of resistance to the purine analogue
6-thioguanine. This resistance is associated with the loss of activity
of the enzyme hypoxanthine phosphoribosyl trensferase (HPRT).

Our cell line has a2 continuously bending surV1va1 curve following
gomma radiation, fitting the equatlon

S=e—(aD+BD) (])
vhere S is the fraction of cells surviving, D is the dose in radg and
the parsmeters are a = 1,25 x 10-3 rad~! eand B = 1.5 x 10-6 rad-2 for
unsynchronised cells. The induced mutation frequency curve for gamma
rays also has components dependent upon the dose and the dose squared:

(D + 6D%) (2)

where M is the probability og mutatlon induction per cell and the
parameters are Y = 2.9 x 107° rad~!, & = 3.45 x 10-11 rad-2

If these results are plotted as log survival versus induced mutation
frequency (IMF) the relationship is linear,

LnS

~kM . (3)
with k

2.3 x 107
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Figure 1 Theoretical carcinogenesis curve (equation 5)
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3. THEORETICAL CARCINOGENESIS

The probability of two independent mutations occurring in the same
cell (P) is the product of the probabilities of either occurring.

If we assume that the two critical mutations leading to carcinogenesis
have the seme induction paresmeters, vy and &, as the mutation studied,
this probebility will be

P = (vD + 8D%)2 (4)

At the same time as causing mutations, the gemma radiation is also
killing both mutated and non-mutated cells as described in equation
(1)« To obtain an estimate of risk of carcinogenesis, that is the
probebility that a cell will receive both mutations and remain viable,
this survival factor must be included:

2 .
Risk = e~(0D + BD )(Y2D2 + 2v6D% + s%p%) - (5)

This equation is plotted in Figure 1 for doses 0.1 to 4000 rad. The
increase in risk is dependent on the square of the dose up to 500 rad,
after which the curve peaks at ~ 900 rad, then falls away rapidiy.
Although the risk is shown as dependent upon D2, at low doses there is
probably a linear component, as there is a statistical probability

of both mutations occurring with one traversal of the nucleus. This
data is developed from experimental parameters obtained from Chinese
hamster cells end is only intended as an example of a risk in dose
curve.

One question which this immediately raises is whether this equation is
directly applicable to human cells. Preliminary experiments with
primary human fibroblasts in our laboratory have not followed equation
1 but have shown a multi target plus single hit survival curve with
parameters T = 1.5, Dy = 110 rads. As Thacker and Cox (5) have shown
the some relationship between survivel and IMF for primary humsn
fibroblasts and Chinese homster cells, as shown in equation 3, one
would unticipate some differences between a theoretical 2~mutation car-
cinogenesis curve for human fibroblasts and Figure 1.

4. COMPARISON WITH RADIATION CARCINOGENESIS STUDIES

This change in the shape of the carcinogenesis curve with the cells
used to obtein experimentoal data makes comparisons difficult, as we
would predict that the curve would change, with the survival curve
from species to species. This does appear to be the case with
radiation carcinogencsis studies. Two reports dealing with skin
tumours in rodents serve to illustrate this. Hulse and Mole (2)
found thot skin tumour incidence in CBA/H mice increased ss the square
of the dose, with a peak at 4000 rads. Data of Burns and coworkers
(6) for rat skin tumours showed a peak at only 2000 rads. This data
could not be analysed to show whether the response depended upon the
square or some other power of the dose.

A further coumplication of the situation is that within a given species

the radiosensitivities of different cell types can vary quite widely,
resulting in a series of carcinogenesis curves for different tissues.
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5. CONCLUSIONS

A theoretical carcinogenesis curve based on experimental data derived
from Chinese hamster cells has been described. This curve shows a
typical peaked response, with the maximum at ~900 rads.

While it is probable that this curve is not direetly appliecable to
cells from another species, such 2s man, it is felt that this type

of approach may be useful in helping to forge a link hbetween physical
and biological studies in radiological protection. For the future

we intend to extend this work in several directions. One application
is the calculation of risk around a B-emitting particle in lung tissue.
We also wish to extend the analysis to high LET radiation induced
mutagenesis and other cell types, including primary human fibroblasts.
While not intending to work in vive it is important to obtein as much
data as possible to prove or disprove the hypothesis presented in

this paper.
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A STATISTICAL METHOD FOR DISCRIMINATING BETWEEN ALTERNATIVE
RADIO BIOLOGICAL MODELS

I. A. Kinsella and J. F. Malone
College of Technology,
Kevin Street, Dublin 8, Ireland.

INTRODUCTION

Radio biological models are extensively used to aid understanding of
the development of radiation damage and as a method of extrapolation
of dose-effect curves to low dose regions. Different postulates give
rise to different models suchas the target theory or DNA strand break
models (1, 2) so that it is desirable to have a single procedure for
estimating the various model parameters. This procedure should have
statistical justification and be applicable to a variety of models.
The technique due to Gilbert ( 3 ) has been applied only to the Puck
and Multitarget models while that due to Chadwick and Leenhouts (2)

is applicable only to the quadratic (aD + 8D2) type model. No attempt
has been made by the latter authors to deal with the problem of variance
heterogeniety. The approach used here (Section 2) was to use the
Maximum Likelihood Method (M.L.M.,) for all models in which the
observed effect, survival or mutation rate, is a function of dose.

An equivalent approach to the Multitarget model is given in (4)

and the parameters of the Modified Multitarget are given in (5]

The M.L.M. involves finding the parameter set which are most likely
with given experimental data. This approach provides a Goodness of
Fittest of the given model (Section 3) and a method of discriminating
between alternative models (Section 4). Since this paper illustrates
the techniques using a single data set no general conclusion is made as
to the applicability of any one model in given circumstances.

PARAMETER ESTIMATION

The numerical estimates of the parameters of five models, using M.L.M.,
are given in Table 1. The M.L.M. requires the specification of
probability density function (p.d.f.) for the experimental response
variable which is assumed Poisson for experiments where the number of
surviving cells or clones is measured. The individual models are incor-
porated into the Poisson p.d.f. by specifying a conditional Poisson
p.d.f. with parameter p c. p(D ) where u is the zero dose survival and

c. is the cell concentration exposed to dose D The five survival
curves considered were

Model 1: 1 - (1 - exp(- D/DgN)"

Model 2: exp(-D/Dy)(1 - (1 - exp(~D/Dy)))"

Model 3: exp(=yD/D;)(1 - (1 - exp (-0 -v) D/Do)) )
Model 4: exp(—oD - 8D2)

Model 5: exp(—apD - gpD?)

NN
N OOV
et et e N N

Each model was used to set up a Likelihood Function (IL..F.) and the
numerical values of the parameters which maximize this function were
found by the Simplex Search Method ( 9 ). The results in Table 1 are
from an experiment using Chinese Hamster Ovary Cells (Clone .A). The
survival criterion was clone forming ability and Table 2 gives the
observed and predicted viable clones at each dose for each model.
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Model u Dy Dg n ¥ a g P
1 0.77 | 196.6 1.4
2 0.75 | 294.6 | 543.7 1.7
3 0.76 | 203.7 | 130.8 |1.5 0.09 .
4 0.58 2.3% 2.3,
5 0.47 2.1% 5.9 10.6
TABLE 1 Parameter Estimates for Five Models
* Scale factor = 10-3 + Scale Factor = 10_6
Mean Survival
Dose (D) Actual Predicted by Model (ﬁf)
*7 1 2 3 4 5
0 78 78 75 77 58 45
196 58 61 62 62 57 56
326 45 51 52 52 56 60
457 65 54 55 54 66 74
587 46 38 39 38 49 56
782 50 54 53 52 63 70
848 65 73 72 71 81 87
979 99 93 89 89 84 84
1110 67 79 73 74 54 49

TABLE 2  Actual and Predicted €lone Survival

' GOODNESS OF FIT TEST

The adequacy of representation of the data by each individual model
can be examined using a statistical test devised by Roberts and
Coote (10). Their test is an analysis of variance type test which
uses the F distribution of the test statistic F as the statistical

test criterion X2 D.F. M.S. F

Deviation from Model I n.(x, - 0,)%/u, d=k  X*/D.F. =8 §/8,
i

Residual Variation T (xi' - ﬁi)zlui Xni—d %x2/D.F. = S5

g v i

TABLE 3 Goodness of Fit Test 7
J

2, .. d (doses)
2, ... n, (counts/dose)}

1,
1,

Here {i. is the predicted mean response, and k is the_number of
estimafed parameters in each model. The Deviation X° reflects the
fundamental goodness of fit of the model and the Residual X

is affected by random variation. The calculated F value will be large
when the model is not an adequate fit to the data. Table 4 gives

the F values with their associated significance levels and for
comparison the mean absolute deviation E]xi - ﬁi|/d

Model 1 Model 2 Model 3 Model 4 Model 5
T 2.1(p>0.05) 2.2(p>0.05) 3.0(p>0.05) 4.8(p?0}011_14.3{p<0.001)
£lx,~u,l/d 6.5 6.3 6.3 10.2 15.5

TABLE 4 Results of F test



The data does not show statistically significant deviation from models
1, 2 or 3 which is reflected in low values of the mean absolute deviation
while the reverse holds for the remaining two models. )

&
COMPARISON BETWEEN MODELS

Cox (11) discusses the problem of discriminationg between alternative
p.d.f.'s which are postulated as models of data. We use the same approach
to get an "index" which can be used for comparisons between models, the
index being a function of the numerical value of the log L.F. when the
M.L.E.'s are substituted for the unknown parameters. When a model is a
good fit to the data the L.F. should be small as the data (x{.) has a

high probability of being observed. We actually calculate a™
complementary quantity

= . D
Lo = Ibweyp®) + 21 xp; log weypy (D)
*J d
which, for model k, is large when model k is a good fit. The values of

I, are given in Table 5 and they reflect the conclusion which can be
tentatively drawn from Table 3.

Model 1 Model 2 Model 3 Model 4 Model 5
5475.2 5476.2 5476.8 5456.8 5421.0

TABLE 5 Values of Ik for five models
The broad similarity of models 1, 2 and 3 is again reflected in the
similar values of I, for these models while the fact that the other two
models do not give d good fit to this data is shown up in the smaller
value of I, for models 4 and 5. It should be borne in mind that this
"index" is used here in a qumlitative sense as no statistical
distribution is being postulated for it.

CONCLUSIONS

The statistical methods discussed above are sufficiently robust to meet
the demands of a wide range of radio biological models. While the
discussion in Section 4 does not allow an absolute value of the
probability that one model is better than another be given, it represents
an initial step in placing models in order from the point of view of
goodness of fit. Further investigations are in progress to determine if
more quantitative criterion can be developed for this problem. As only
one set of data has been analysed here with reference to five models
further work will be necessary with varied data and a wider range of
models, before general conclusions on the suitability of one or other
model to a particular sort of biological material or radiation

type can be specified.
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THE ROLE OF BIOMEMBRANE LIPIDS IN THE MOLECULAR
MECHANISM OF ION TRANSPORT RADIATION DAMAGE

B.I.Medvedev, Yu.V.Evtodienko, L.S.Yaguzhinsky,
A.M.Kuzin
Institute of Biological Physics, Acad.Sci. USSR,

Pushchino, Moscow Region,142292,USSR

Study of radiation-induced changes in the content and properties
of biomembranes and ion-transporting mechanisms is of great inte-
rest. The ion transport systems provide ionic homeostasis thus
controlling the mitotic cycle of the cells. These systems are
highly radiosensitive. In the recent years experimental studies
were also extended concerning damages in membrane permeability
and postradiation ionic transport in cell organelles, in parti-
cular in mitochondria. Recent studies showed that the ATP synthes-
is process underlying the energy provision of living systems is
directly related to ionic transmembrane movement. In this connec-
tion w$+studied the effect of ionizing radiation on ATP synthesis
and Ca active transport coupled to efflux of hydrogen and po-
tassium ions from mitochondria. The rate of ATP synthesis was
estimated from the decrease of hydrogen ion concentration in the
incubation medium. The values of potassium and hydrogen ionic
flows were estimated by ion-selective electrodes. One- and two-
dimensional thin-layer chromatography was used to obtain and to
analyze the lipid fractions. After addition of calcium ions to
mitochondrial suspension hydrogen ions are released due to the
action of the hydrogen-pump. After alternate addition of calcium
spontaneous equalization of the gradient ions takes place. Here
it is possible to measure the maximal value of calcium-hydrogen
exchange (calcium-capacity).

When adding calcium ions to mitochondria potassium ions are
released as well and we can measure the rate of this efflux. The
experimental conditions provided the concentration of endogene-
ous potassium in the mitochondrial matrix to b% high (10-IM) as
compared to that in the incubation medium (IOT°M). Increase in
the rate of ATP synthesis (I.4-I.6 times), Ca2+t-capacity
(X.4-I.8 times), membrane potential (by 20-50 mv) and decrease
in K'-conductivity (2.5-3 times) in rat liver mitochondria was
established by a number of experiments three hours after Y-irra-
diation at a dose of IOOO r. The process of oxidative phosphory-
lation was normalyzed 24 hours later, whereas damages of ca2+ -
accumulation and Kt-conductivity remain. The circunstance that
the experimental mitochondria can accumulate considerably greater
amounts of calcium may be essential for regulation of enzymatic
processes in the cell since calcium is an important regulatory
ion. Moreover in irradiated mitochondria the system providing
the potassium efflux from the matrix into the external medium
functions at a lower rate on moderate calcium load. A question
arises: what is responsible for the decrease of potassium perme-
ability of mitochondrial membranes?

The transport of ions in mitochondria including potassium ions is
essentially determined by the properties of the hydrophobic lipid
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phase of biomembranes which involves the potassium-transporting
system. In this connection it was interesting to investigate
permeability of artificial phospholipid membranes (APM) formed
from lipids of inner and outer mitochondrial membranes from
control and irradiated animals 24 hours after irradiation. In a
potassium~free medium the resistance of APM from mitochondrial
lipids did not essentially differ for the control and experiment-
al animals and were high. In the presence of potassium ions

(I00 mM KCl) the resistance of APM from lipids of the control
animals droped one hundred to five hundred times whereas that of
the experimental .animals kept high.

This points to the fact that in the mitochondrial membrane lipids
from the control animals there is a potassium-transporting system
whose functioning is successfully reconstructed in artificial
membranes. These data enabled the conclusion that the change in
mitochondrial membrane permeability is due to substantial changes
in the lipids of mitochondrial membranes.

The thin-layer chromatographic analysis of phospholipid composi-
tion of the inner and outer mitochondrial membranes from the
control and irradiated animals showed a sharp decrease (or absolu-
te absence) of the minor fraction of phospholipids. On the chro-
matogram this fraction is situated between diphosphatidylglycerol
(DPG) and phosphatidylethanolamine (PEA). Introduction of this
minor fraction to the APM-mixture of mitochondrial lipids from
irradiated animals brought about an increase in Kt-permeability

of APM. Thus it was revealed that this fraction raised the potass-
ium-permeability of APM (potassium-transporting fraction). Upon
formation of KCl gradient a membrane potential corresponding to
that calculated from the Nernst equation arises on APM. Here the
polarity of the potential is negative on the side of the more
concentrated solution, which indicates that potassium ions are
substantially more penetrating than the chlorine ions. Moreover

KT ions produced the greatest decrease in electric resistance of
APM compared to other monovalent cations:

> 2 > .
Rg? Rpy? Reg® Rpi> Ry,

Two-dimensional thin-layer chromatographic separation of this
fraction and evaluation of the components by the method of APM
showed that the fraction consists of several individual compouns
with different capability to facilitate the transmembrane move-
ment of potassium ions.

The analysis of the fraction for specific groups: glycol-, carbo-
nyl-, phosphate-, free amino-, choline-, non-terminal N-H gave

the positive answer to the phosphate group only. These data as
well as the estimation of chromatographic behaviour of this frac-
tion from one- and two-dimensional chromatograms enabled us to
conclude that the potassium transporting compounds are lysoforms
of polyglycerophospholipids. Chromatographically pure DPG was
subjected to mild basic hydrolysis and the hydrolysate was intro-
duced to APM. The potassium permeability of such APM rised sharply.

Special studies of hydrolysis products of DPG and the components
of the minor fraction with chemical, instrumental (NMR) and chro-
matographic methods revealed that one of the endogeneous compo-

nents of the minor potassium-transporting fraction is lysodiphos-
phatidylglycerol (LDPG). Introduction of chromatographically pure
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LDPG obtained from DPG by chemical modelling resulted in an inc-
rease of potassium permeability of APM by two or three orders.
The data obtained enable us to believe that lysodiphosphatidyl-
glycerol is one of the endogeneous ionophores of mitochondrial
membranes.,

Liver mitochondria are known to contain phospholipase A and this
enzyme attacks DPC, phosphatidylglycerol,phosphatidic acid and
other phospholipids. It is also known that the process of form-
ing of cholesterol esters in liver is coupled to that of lyso-
phospholipids. Cholesterol has been shown to serve as an accep-
tor for splitted fatty acid molecules. The transfer of fatty
acids and acylation of cholesterol is provided also by an enzyme.
As irradiation causes inhibition of phospholipase activity, the
content of not only lysophospholipids and fatty acids but also
cholesterol esters may be expected to decrease. In fact, the
analysis supported that after irradiation the content of not only
lysopolyglycerophosphatides but also lysoforms of phosphatidylcho-
line and phosphatidylethanolamine decreases and the content of
fatty acids and cholesterol esters in neutral lipids reduces.

The obtained data point to that phospholipases are tightly relat-

ed to formation of endogeneous ionophores in mitochondrial mem-
branes.
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EFFECT OF GLUTATHIONE ON BIOLOGICAL SYSTEMS IRRADIATED IN VITRO

Roberto Badiello, George Gorin, Marcello Quintiliani, Giustina Simone and
Maurizio Tamba

Laboratorio di Fotochimica e Radiazioni di Alta Energia (C.N.R.),Bologna(Italy)
and Chemistry Department Oklahoma State University, Stillwater Oklahoma (U.S.A.)

One of the mechanisms suggested to explain the radioprotective ability of
thiol (RSH) either endogenous or hexogenous in living systems postulates the
repair of a transient damage to some critical biomolecule (T') by hydrogen
donation (1).

T" + RSH —> TH + RS’

This reaction is supposed to be in competition with that of molecular oxygen
at the same site, which, instead, leads to a permanent damage

‘ T +02——§ TO2
This hypothesis is supported by the observation that, while no oxygen effect
is detectable in radiation inactivation, in solution, of biological macro-
molecules such as DNA and enzymes, this effect appears when thiols are added
(2,3). An implication of this hypothesis would be that, in living cells,
endogenous sulphydrils, mostly consisting of glutathione, are involved in
the process of natural radioprotection.

The repair reaction by hydrogen donation has been demonstrated by Adams and
al (4,5) to occur between cysteamine and a number of simple organic compounds,
i.e. alcohols, glucose, sinthetic polymers, etc. using the pulse radiolysis
technique. No data were reported so far concerning complex biological mole-
cules.

The present communication gives an account of experiments carried out to
investigate the mechanism of the radioprotective effect of glutathione in
model biological molecules taking into consideration the hypothesis outlined
above.

Our results on bacterial survival, on the inactivation of enzymes, such as
ribonuclease, yeast alcoholdeydrogenase and aldolase (6); and on structural
and chemical changes in DNA and DNA base components, gave further evidence
for the radioprotective effects of glutathione in all the systems. We also
confirmed that no oxygen effect could be observed in the inactivation of

the enzymes, using ribonuclease and yeast alcoholdehydrogenase. Moreover the
radiation induced loss of catalytic activity was reduced to the same extent
by reduced and oxidized glutathione. This is probably due to the fact that,
in dilute aqueous solution, the mechanism of free radical scavenging plays

a predominant role.

However, since living matter can be considered as a fairly concentrated
solution, the mere radical scavenging mechanism cannot account for the
protective effect of relatively small concentrations of glutathione. In any
case, our steady state and pulse radiolysis experiments (7) on reduced (GSH)
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and oxidized glutathione (GSSG) have shown that both compounds react almost
with the same very fast rate with water primary radicals as shown in the
Table.

-1 -1

reaction k (M sec ) pH

OH + GSH 1.3 x 10" 5.0
1.5 x 10%° 8.0
1.7 x 10°° . 9.2 :

e + GSH 6.1 x 10° 7.0

aq _ 8

GS' + GS 6.6 x 10 8.0

OH + GSSG 9.9 x 10° 7.0

e+ GSSG 5.0 x 10° 7.0

aq 9

68" +0, 1.6 x 10 9.2

GSSG™ + 0, 1.6 x 10° 9.2

TABLE. Reactivity of radicals with reduced (GSH) and oxidized glutathione(GSSG)

In the table are also shown the rate constants for reaction of reduced and
oxidized glutathione with molecular oxygen. These data can be related to the
mechanism of gamma radiolysis of reduced glutathion in the presence of
oxygen showing a high value of G(-GSH), about 20, which gives evidence of the
existence of chain reactions (8). This finding could be of some importance
because glutathione, in addition to the competitive mechanism with oxygen
postulated above, could also act by reducing the local intracellular concen-
tration of oxygen during irradiationm.

Attempts to provide indications for the existence of the repair mechanism by
hydrogen donation in biological important molecules were carried out using
DNA and DNA base derivatives. Pulse radiolysis experiments of calf thymus
DNA in the presence of reduced glutathione have shown a slight influence of
glutathione on the decay kinetics of the DNA radical. Such kinetics become
significantly faster in the presence of glutathione. However we found consi-
derable difficulties in studying such effects quantitatively. In fact the
experiments were limited by the difficulties in handling DNA solutions more
concentrated than 0.1% which imposed the necessity of using very low concen-—
tration of glutathione, in order to avoid that the scavenging effect of
glutathione would become predominant. Glutathione did not show any apprecia-
ble influence on the decay kinetics of the thimine radical.

Considering these results, one might observe that, in addition to bases, DNA
includes the phosphodiester backbone. As matter of fact, the present biolo-
gical research indicates that much of the biological important damage, such

as single and double strand breaks, actually occurs at the level of the

sugar phosphate chain. It cannot be excluded, therefore, that the mechanism

of the damage repair by hydrogen donation, could occur at the level of lesions
interesting this part of the macromolecules.
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THE CALCULATION OF LATENT PERIODS
A G Craig
Dept of Pure & Applied Physics
University of Salford, Salford M5 4WI, UK
1 INTRODUCTION

This paper presents a calculational model for latent periods correspond-
ing to a biological model of cell progression towards malignancy via a
sequence of random step changes in genetic character arising from enhanced
faulty DNA synthesis or unbalanced cell division in the abnormal cell;

the later stages of cell progression yielding the clinically observed
phenomenon of tumor progression (1).

The model assumes that the initiating event, producing abnormal cells by
physical, chemical or biological processes, does not significantly
determine the latent period and support for this may be found in the time
course of malignancies arising from a variety of causes and the
apparently successful use of log-normal or logistic models in continuous
insult problems (2,3).

2 THE MODEL

Assuming a hypothetical 1-~D deviant character space, represented by x,
clinical observation of tumour progression suggests that the deviations
in cell character should occur via random discrete changes of x within
a continuum of x values, This contrasts with the more traditional
model of lst order transitions between discrete x states which does not
relate well to experiment.

At some time following the exposure of an assembly of cells to an
initiating process there should be a continuous distribution of cells

in the x space. The most useful interpretation of this distribution is,
after normalisation, to define n(x,t), the probability density function,
as the probability of a cell having the value x at time t, B:. analogy
with conventional derivations of Fick's law it is readily demonstrated
that the probability flux , j(x,t), is given by

j(x,t) = D(x,t) d n(x,t) (1)
dx

The Diffusion coefficient D(x,t) is regarded as a function of x & t
because its major factor, mitotic rate, is expected to vary both with
age and during tumour progression.

It is readily shown that n(x,t) is the solution of the generalised
diffusion equation

dn(x,t) = d (D(x,t) dn(x,t)) + S(x,t) - A(x,t) n(x,t) (2)
dt dx dx

where s(x,t) represents the production of new cells and A(x,t) is
the probability of losing existing cells.

Defining malignant cells as those with x > X then

(3]
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r(t) =50
m

is the probability of a cell becoming malignant at time t.

Since the production and loss of cells is essentially in balance except
in the later stages of tumour growth r(t) is also the probability of
producing a malignant cell at time t from a cell initially transformed at
L = 0 and Lhe cumulative probability of having produced a malignant

cell from the original transformed cell is

t
IR (RN (3)

If k(D) is the probability of transforming a normal cell into the
abunormal state for dose D then the cumulative probability of having
produced a malignant cell in an organ with N target cells is

po(t) = Nk(D) pc(t) (4)
and the corresponding probability of having produced a tumour is
pt(t) = 1= exp (-po(tr)) (5)

which may reduce to

pt(t) = po(t) = Nk(D) pc(t) (6)
3 GENERAL DEDUCTIONS & COMMENTS

(1) probability of tumour occurring depends upon the number of
target cells, N,

(ii) radiation risk of tumours in various tissues should partially
correlate with spontaneous risk of tumours since N pc(t)

(eqn 4) should apply to both cases: eg data by Stewart (4)
following pre-natal x-irradiation.

(iii) Since the diffusion coefficient depends upon mitotic rate
there should be an age dependency of latent periods. This
is readily confirmed for leukaemia by comparing the
Stewart data with adult data,

(iv) The solution of equation 2 may be written in terms of a
Green's Function which is the solution for an instantaneous
source (ie equation 2 with S(x,t) = o).

(v) The Green's function may be obtained directly in practice
since it is well described by the latent period distribu-
tion function for the high instantaneous dose data
available,

(vi) Extended exposure and continuous insult cases may be obtained
by direct time integrals over the Green's function with
appropriate magnitude functions, It is readily deduced that
the mean latent period correlates inversely with dose rate,

(vii) the mean latent period for the production of malignant cells is
independent of dose magnitude.

(viii) The mean latent period for tumours may inversely correlate
with dose magnitude if eqn. 5 needs to be used (3) but may
appear to be independent of dose if eqn. 6 may be used (5).

4 A SIMPLE MODEL

In view of the relatively minor differences in mitotic rate between
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normal and abnormal tissues the first simplification introduced was

D(x,t) = D(x) f(t)
& A(x,t) = A(x) f(v)
where the function f(t) essentially describes the age effect, The age
correction may now be readily introduced by using t' = JE(t)dt and
assuming that D & X are also independent of x the model yields
nGx,t) = At 0% exp (- &, - aeh)

all x

n(x,t')dx = 1

r(t') = i 12 exp (- %, -rt) N
where o = X 2

m

4D

The parameter B in equation 7 can readily be adjusted in numerical
work to obtain the correct magnitude of r(t'), Fits to thyroid data
(5) and leukaemia data (6) are shown in figs 1 & 2 respectively with
t' = t. For the thyroid data in fig 1 a crude age correction

factor based upon thyroid masses is also included,

5 VARIATION OF RISK WITH AGE IN OCCUPATIONAL SITUATION

It has been understood for some time that radiation doses received

late in life may carry less risk than those received earlier as natural
death may intervene before the malignancy occurs. Using the simple
model of the previous section as a convenient analytical form for the
real Green's functions the age variation of leukaemia risx relative

to age 25 is presented in fig 3 for different assumptions and conditions
Curves A & B in fig 3 show the effect of mortality upon the cancer risk
under the assumptions that the sensitivity to radiation induction of
tumours is constant with age. Curves C & D allows the sensitivity to
tumour induction to vary at the same rate with age as spontaneous
leukaemia. These curves indicate that should such an age variation

exist it would completely override any reduction in risk from competing
mortality processes.

(1) Roe, F,J.C.,, Ch 1 of "The Biology of Cancer" (Ambrose, E.J & Roe
F.J.C. Eds) Van Nostrand, London (1966)

(2) Albert, R.E., Altshuler, B, pp 233-253 "Radionuclide Carcinogenesis"
(Sanders, C,L., et al., Eds) USAEC (1973)

(3) Goldman, M., et al., pp 347-357 "Radionuclide Carcinogenesis"
(Sanders, C.,L., et al., Eds) USAEC (1973)

(4) Stewart, AM, quoted in Ch 5 of "Irradiation of the Skeleton"
by Vaughan, J.M. Clarendon Press, Oxford (1973)

(5) Beach, S,A., Dolphin, G.W. Phys. Med, Biol 6 4 (1962) 583

(6) Fraumeni, J.F., Jr, Miller, R.W., J., natn, Cancer Inst, 38 (1967) 593
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SYNERGISM BETWEEN GAMMA AND ULTRASONIC
IRRADIATION OF THE BACTERIUM E. COLI B

A G Craig and J M R Tyler

Dept of Pure & Applied Physics
University of Salford, Salford M5 4WI, UK

1 INTRODUCTION

Using simple and conventional culture techniques for the bacterium

E. Coli B synergism between independently lethal doses of ultrasonic
and cobalt-60 gamma irradiation is established by comparing the
surviving fraction for gamma irradiations for samples with and without
a preceding exposure to ultrasonics,

The results reported here are those of a pilot study where the main aim
of the work was to establish whether conditions could be found in
which synergism could be demonstrated. As a result of the necessary
flexibility of technique for such a project the experimental

procedures lack a number of refinements which will be introduced in
later work., While this lack of refinement may affect the sensitivity
of the tests to determine whether synergism exists as indicated in

the text such an effect can clearly not invalidate any positive
conclusions reached from these tests.

2 EXPERIMENTAL METHOD

Irradiation cultures were produced by 100: 1 dilution into 0.857%
(w/v) saline of a stationery phase culture, in 'Oxoid' nutrient
broth, of the bacterium E. Coli B, This procedure leaves traces of
the nutrient media in the samples which could be utilised by the
repair mechanism known to operate at room temperatures (l). To
avoid complications due to this repair mechanism samples were slowly
cooled to around 4 C prior to irradiation and maintained as close to
this temperature as possible at all stages of the experiment up to
final plating.

Sonication was achieved by lowering the sterilised probe of a

13 kHz ultrasonic cleaning unit into the sample., After a series of
trial experiments to investigate the effect of variation of sample
size and irradiation geometry upon the reproducibility of readings
and the heating effects of sonication the following conditions

were selected. The irradiation sample consisted of 80ml of culture
in a 100ml beaker which was accurately located at the centre of a

1 litre beaker of crushed ice to limit the heating effect., Despite
this precaution a limited temperature excursion did occur during
sonication but was limited to a rise of some 10°C after 30 mins
exposure and samples returned to the original temperature very
rapidly after sonication ceased.

The probe itself was immersed to a depth of 4mm in the culture; a
cathetometer being used to ensure accurate relocation. This emphasis

on standardised geometry during sonication ensured reasonable reproduca-
bility of dose under conditions where interface reflections were
important.

The ultrasonic dose rate was obtained by noting the initial rate of
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Ultrasonics Gamma Exposure Times - (Mins)
2 9 19
Exp. SF SF SF SF
(mins
0 1 0.62 0.078 0.0072
(0.48) (-2.47) (~4.94)
4 0.54 0.34 0,038 0.0023
(-0.67) (-3.23) (-6.07)
17 0.005 0.39 0.052 0.0022
(-0.47) (-2.90) (-6.12)
30 0.014 0.30 0.021 0.001
(~0.85) (-3.82) (-6.91)
Table 1. Surviving Fractions for First Series of Experiments

(Numbers in brackets are logits used in 't' test),
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Fig,1 Second Series of Experiments.
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increase of temperature of the samp}e and hence computing the rate of
energy deposition as 64.5%¥1.3 W kg™ |

The gamma irradiation of the samples was achieved by exposure of the
80ml sample in a kilo Curie cobalt-60 facility at a dose rate of 1.95
krad min~  as measured by the Fricke method., The sample was contained
in a boiling tube which was accurately located in a container of
crushed ice at a fixed point in the radiation field., The use of such

a large sample permitted small aliquots to be taken without serious
perturbation of the irradiation geometry and eliminated the possibility
of different samples experiencing different dose rates.

The large sample size clearly involves, however, a considerable variation
in dose rate across samples placed close to a large gamma source.
Measured plate Counts thus yield the average response to a range of

doses but this is not important when comparing samples provided the dose
distribution function is the same for both, Although the normal
smoothing effect of such an averaging process may result in a reduction
of the sensitivity with which synergism can be detected this cannot
affect the validity of the conclusions reached below.

A standard time interval of 10 min was allowed between sonication and
the subsequent exposure to gamma irradiation., Aliquots taken before
and after sonication allow evaluation of the sonic surviving fraction.
Aliquots taken after the gamma irradiation allow evaluation of the
gamma surviving fraction.

Following appropriate dilution of the aliquots obtained, surface
plating on to prepared Petri dishes containing 'Oxoid" nutrient agar
and incubation for 24 hours at 37 C visible colonies were counted and
used to calculate the various surviving fractions,

3 RESULTS

From trial experiments ultrasonic exposures of 4, 17 and 30 mins were
selected to provide a reasonable spread of sonic surviving fractionms.
These exposure times were used in presonication of samples in both
series of experiments.

3.1 First Series of Experiments
From trials gamma ray exposures of 2, 9 and 19 mins were selected,

For each combination of ultrasonic and gamma ray exposures the surviving
fraction following gamma irradiation was obtained for samples with and

without presonication. These surviving fractions are presented in
Table 1.

Since data in the form of proportions does not readily lend itself
to standard statistical procedures the surviving fractions were
converted into logits using

logit, Q (SF) = 1ln (SF/(1-SF))

The Student 't' test as applied to matched pair data was then used

to examine the difference in each pair of logits. The 't' value

of 8.04 obtained for the nine pairs, and hence eight degrees of freedom,
indicates quite clearly that the observed difference in logits, and
hence surviving fractions, is most unlikely to have occurred as a
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result of random error,
3.2 Second Series of Experiments

The differences in surviving fractions discussed in the previous section
possibly indicate a dependence upon the magnitude of the ultrasonic

and gamma ray exposures., For each value of presonication a gamma ray
survival curve over 3 decades was obtained for samples with and without
presonication.

Each survival curve was fitted by computer to the simple quadratic
formula

In (SF) = ~oD - BD2

and the relative sensitivity, (R.S. = dose without sonication to
produce given survival divided by the dose with sonication to produce
the same survival), obtained for different levels of survival, fig 1.

The curves in fig 1 indicate that the synergistic effect increases with
increasing ultrasonic dose. With increasing gamma ray doses for a
given presonication the synergistic effect decreases indicating that
shouldered survival curves become less shouldered.

4 CONCLUSION & COMMENT

Both series of experiments indicate quite clearly that the gamma ray
sensitivity increases following presonication., The question is whether
this is a genuine synergism or is a result of the heating effect
described by Clarke Hill (2) which may be used to explain a number of
results for a simultaneous non-lethal sonication and x-irradiationm.

Although a temperature excursion did occur during sonication this was
eliminited before gamma irradiation commenced and it seems unlikely
that the biological "memory' of such a small excursion could produce

such noticeable results. The author's believe, therefore, that these
results represent a genuine synergism,

(1) Stapleton, G.E, et al,, J. Cell Comp. Physiol, 41 (1953) 345

(2) clarke, P.R, Hill, C,R Br. J. Radiol. 43 (1970) 97
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PLUTONIUM IN HUMAN LUNG IN THE HANFORD ENVIRONS

I. C. Nelson and V. W. Thomas, Jr.
Battelle, Pacific Northwest Laboratories
Richland, Washington USA

1. INTRODUCTION

The release or potential for release of radiocactive materials to the
environs of nuclear facilities has been receiving considerable attention in
the press and other news media. Frequently plutonium has been highlighted
as a most serious inhalation hazard.

Plutonium has been produced, fabricated, transported, and stored in various
forms at the Hanford complex for several decades and has been the subject
of substantial research as to its occurrence in the environs.

To assure that programs are adequate, it is necessary to demonstrate the
extent to which past and present practices have or have not limited public
exposure to plutonium. Both measurements of plutonium in tissue samples
from individuals potentially exposed and estimates of exposure based on
measured concentrations of plutonium in air as discussed in this paper pro-
vide a basis for such demonstration.

2. SOURCES OF PLUTONIUM IN AIR

Potential sources of 239Pu in near-surface air in the Hanford environs have
included worldwide fallout from weapons testing and releases of contaminated
air from plutonium production facilities and research laboratories and pos-
sibly from resuspension of plutonium from along waste ditches, ponds, ana
burial grounds located at the Hanford complex. The latter potential sources
of plutonium may have been of 1ittle significance since they would amount to
ground-tevel releases and were located about 32 km from inhabited areas.
Since May 1973, waste streams containing plutonium have been routed to tanks
for storage, thus eliminating most of that potential for release of pluton-
ium to the Hanford environs %1).

The first thermonuclear device in the weapons testing program was detonated
in 1952; however, it was not until 1961-1962 that Targe amounts of trans-
%ranic elements were injected into the atmosphere. An estimated 400 kCi

39,240py were produced during weapons testing, of which about 325 kCi were
globally dispersed (2). §239Pu and 240py are not distinguishable by alpha
spectr?metry, and where 239py is cited, the sum of the two nuclides is
meant.

3. HANFORD MEASUREMENTS

At Hanford routine measurement of concentrations of 239Py in near-surface air
began in late 1961 (4); since 1949, autopsy tissue samples have been radio-
analyzed for plutonium. The point ofenear-surface air measurement is within
the research laboratory area and about 32 km from the production facilities.
Figure 1 shows the measured values beginning in 1962 and expressed as annual
average concentrations of plutonium. Values of plutonium in_air from 1952
through 1961 were inferred through comparison of 239u and 137Cs measure-
ments at Hanford and !37Cs measurements made at Chilton, England (5). Also
shown for comparison are concentrations of plutonium in air at New York,

N. Y., from 1964 forward and as inferred from 1954 through 1963 based on
measurements of 90Sr deposited on ground and 90Sr in near surface air (2).
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Also shown are annual average concentrations of 239Pu measured in near-sur-
face air in the USSR for the years 1969 through 1971 (3).

Figure 1 indicates that most of the data agree closely. Except for the year
1964, the measurements of piutonium in surface air at Hanford and New York
are within a factor of two or Tess. The concentration of 239Pu at Hanford
was almost always less than that at New York. Although Hanford piutonium
facilities may have contributed to the total, the total concentration of
plutonium in air at Hanford appears indistinguishable from fallout-related
concentrations measured elsewhere in mid-latitudes in the northern hemis-
phere.

4. THEORETICALLY ESTABLISHED CONCENTRATIONS OF PLUTONIUM IN LUNG

Expected concentrations of plutonium in lung were calculated using measured
concentrations in air, Standard Man parameters, and the ICRP Task Force

Lung Model (6,7). Class Y parameters were assumed since the oxide is the
expected form of plutonium in fallout. An activity median aerodynamic
diameter (AMAD) of 0.4 um was assumed to characterize particulate fallout.(8)

Equations for determining the Tung burden as a function of time were devel-
oped as follows: According to the model, two components remain in the lung,
one with a one-day half-time and one with a 500-day half-time. For present
purposes, the component with the long half-time predominates in determining
the quantity in the lung at a given time. The change in Tung burden (refer-
red to as the pulmonary region in the ICRP model), Qp, with time may be
given by

dQ
P - fD

at D -2 Q

175 p p

where A, is based on the 500-day half-life, fa = 0.6 the fraction of the
deposited quantity D removed with a 500-day half-time. Dg is about 0.35
for 0.4-um AMAD aerosols. Dji is the quantity of the inhaled aerosol. Solu-
tion of the above equation yields -

0

fD
. e
O =

5 (-l _ e—)\pt)
p

which gives the quantity of plutonium in the Tung at the end of a period of
constant intake. Division of Qp by the mass of the Tung (1000 g) yields the
concentration of plutonium in Tung.

Using this equation and the measured and inferred concentrations of plutonium
in surface air, the concentration in lung was calculated for individuals who
may have resided in the Hanford environs for 1 to 22 years. A breathing rate
of 20 m3/d and a constant level of plutonium in air over one year's time was
assumed. The calculated values are tabulated in Table 1. For a given year
the total lung burden at the end of the year was determined from the average
Pu concentration in air for that year using the above equation plus the total
at the end of the previous year decayed for one year with a 500-day half-life.
Although exposure begins at birth, adult breathing parameters were used in
the calculations.

Figure 2 presents these results graphically for 5-year intervals beginning

in 1953. As shown in the figure, concentrations of plutonium to be expected
in Tung over a 22-year period ranged from about 0.01 to a maximum of 1.1
fCi/g of lung. The average for the period was about 0.4 fCi/g lung. Regard-
less of the year of initial exposure, the estimated concentration at the end
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Exposure Beginning

TABLE 1. Cumulative Concentrations in Lung At End of Period, fCi/g

1953 1954 1955 1956 1957 1958 1959 1960 1961 1962 1963 1964 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974
1953 0.06 0.10 0.28 0.40 0.50 0.66 1.08 0.76 0.60 0.82 0.8 0.75 0.70 0.50 0.34 0.27 0.22 0.21 0.19 0.16 0.11 0.1
1954 0.07 0.26 0.39 0.50 0.65 1.08 0.76 0.60 0.82 0.82 0.75 0.70 0.50 0.34 0.27 0.22 0.21 0.19 0.16 0.11 0.1l
1955 0.22 0.38 0.48 0.64 1.08 0.75 0.60 0.82 0.82 0.7> 0.70 0.50 0.34 0.27 0.22 0.21 0.19 0.16 0.11 0.11
1956 0.23 0.40 0.60 1.05 0.73 0.58 0.81 0.81 0.74 0.70 0.50 0.34 0.27 0.22 0.20 0.19 0.6 0.11 0.11
1957 0.26 0.51 1.00 0.70 0.57 0.81 0.81 0.74 0.69 0.50 0.34 0.27 0.22 0.20 0.19 0.6 0.11 0.1
1958 0.35 0.90 0.65 0.53 0.78 0.80 0.74 0.69 0.49 0.34 0.27 0.22 0.20 0.19 0.16 0.11 0.1
1959 0.69 0.52 0.45 0.74 0.77 0.72 0.68 0.49 0.34 0.26 0.22 0.20 0.19 0.16 0.11 0.1
1960 0.10 0.20 0.59 0.68 0.66 0.65 0.47 0.32 0.26 0.22 0.20 0.19 0.16 0.10 0.1
1961 0.14 0.55 0.66 0.65 0.64 0.46 0.32 0.25 0.22 0.20 0.19 0.16 0.10 0.1}
1962 0.46 0.60 0.62 0.62 0.45 0.3 0.25 0.21 0.20 0.18 0.15 0.10 0.11
1963 0.32 0.45 0.52 0.39 0.28 0.23 0.20 0.19 0.18 0.15 0.10 0.11
1964 0.24 0.40 0.32 0.23 0.20 0.18 0.18 0.18 0.15 0.10 0.10
1965 0.25 0.22 0.18 0.17 0.6 0.17 0.17 0.14 0.10 0.10
1966 0.08 0.09 0.12 0.13 0.15 0.16 0.14 0.09 0.10
1967 0.04 0.09 0.12 0.14 0.15 0.13 0.09 0.10
1968 0.06 0.10 0.13 0.14 0.13 0.09 0.10
1969 0.06 0.11 0.13 0.12 0.08 0.10
1970 0.07 0.11 0.11 0.08 0.09
1971 0.06 0.08 0.06 0.08
1972 0.04 0.04 0.07
1973 0.01 0.05
1974 0.04



of 1974 ranged from 0.04 to 0.1 fCi/g lung. The total Pu intake by inhala-
tion over the 1953-1974 period is estimated to be 30 pCi. The average lung
burden for this period was estimated to be 0.4 pCi. Bennett estimated a
42.6 pCi cumulative intake using the data obtained at New York for the
period 1954-1975 (2). An average Tung burden of 0.7 pCi was obtained from
the New York data.

5. TISSUE ANALYSIS

Since 1949, tissue samples obtained at autopsy from residents (non-Hanford
workers) in the Hanford environs have been radioanalyzed for plutonium.
Figure 3 shows graphically the concentration of plutonium in lung of indi-
viduals sampled. One problem associated with these measurements has been
the lack of sensitivity commensurate with the very small quantities in the
Tung. As a consequence, many sample results were reported only as less
than the detection limit; this Timit has varied over the years and with
sample size. In Figure 3, the average (X) shown is the average assuming
each sample result in the set had been as much as the detection limit.
Although it too may have been a "less than" value, the maximum reading of
the set is also indicated in the figure. The lower value measured in a set
of samples is indicated by the letter L.

In 1974, our laboratory converted from an autoradiography measurement tech-
nique, which had the advantage of rather good sensitivity but an overriding
disadvantage of uncertainty in radiochemical yield, to a process of alpha
spectrometry. Improved knowledge of chemical yield through use of 236puy
and 242py tracers and alpha spectrometry yields more reliable data at a
slight loss in sensitivity at reasonable counting times.

6. CONCLUSIONS

As shown in Figure 4, the measured and theoretical results compare closely.
In most cases, the average concentration of the set was within a factor of 5
of the theoretical estimate. The marked decrease in measured concentrations
of plutonium in Tung from 1966 to 1970 coincided with an approximate ten-
fold increase in tissue sample size. That period was also one in which
fallout concentrations decreased. Caution should be used in developing con-
clusions from these results because many of the sample results during this
time and earlier were "less thans", and their true value may have been sub-
stantially less than that shown. The apparent increase in measured con-
centrations of plutonium in lung in the period 1971-1974 is not understood.
The new alpha spectrometry procedure was used on these samples, and some
systematic error in earlier work may be suggested. The possibility of a
small contribution from Hanford facilities cannot be absolutely ruled out.

The average concentration in lung over the period covered (assuming 3 "less
than" value to be at detection 1imit) was 0.5 fCi/g of lung, and the aver-
age of the maximum values noted was 0.8 fCi/g. For comparison, the theo-
retical average value where it is assumed that each year since 1954 an indi-
vidual is autopsied was 0.4 fCi/g. If Hanford facilities have contributed
to the plutonium content of lungs in individuals residing in the environs,
that contribution would appear at most to be about that from worldwide fall-
out. But more likely the plutonium in lung derives almost totally from
fallout, and the Hanford contribution is negligible by comparison.

Regardless of source, a sustained lung burden of plutonium of 0.5 fCi/g of

Tung would relate to a dose of 0.5 mrem/year. Over the 22-year period end-
ing in 1974 a total dose to lung of 10 mrem was estimated from these data.
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Numerically, this is trivial compared to the approximately 1600-2000 mrem
(1) the individual would 1ikely have received from naturally occurring
sources in the Hanford area during this same period.
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EVALUATION OF THE HAZARD TO RESIDENTS OF AREAS CONTAMINATED WITH PLUTONIUM

Carl J. Johnson
Jefferson County Health Department and the University of Colorado School of Medicine
Lakewood, Colorado 80226

INTRODUCTION

Plutonium oxide particles deposited on the ground surface by accidental spills or atmo-
spheric fallout (Table 1) are subject to resuspension by wind or other means. Particles
in the size range of 5 ym and smaller are considered to be of respirable size because
when inhaled they may be retained within the lung''/. Most of the plutonium oxide
particles released offsite by nuclear installations are in this size range 2). This paper
describes a method of measuring the concentration of plutonium in the potentially re-
spirable surface dust and discusses the potential health effects of exposure to such dust.
SAMPLE COLLECTION AND PROCESSING

In our study area (downwind from the Rocky Flats plant) sites for sampling were selected
following guidelines proposed by the Atomic Energy Commission'®), A composite sample
of the loose, surficial (about 0-0.5 cm deep) soil material was collected with a clean
brush and a clean plastic container within an area of 4 m* when the ground surface was
dry(). Plutonium oxide particles likely exist in association with other soil particles as
micro-aggregates and, therefore, behave as such. Microaggregates of soil are dynamic
and are affected by freezing and thawing, wetting and drying, the kind and amount of
natural cementing agents present, and by other forces that tend to disrupt or reconstitute
them(®), These plutonium-oxide-microaggregate associations cannot be measured ex-
cept by methods that tend to alter their natural state. In contrast, our procedure seeks
to maximize the dispersion of the microaggregates to expose the plutonium oxide parti-
cles and to evaluate the maximum potential hazard. Attention to the dispersion of
microaggregates will tend to alleviate the problem of the effect of microaggregation on
the precision of the data and will provide data that are comparable from season to
season or from site to site.

About 50 g of soil material that passed a 2-mm screen was treated by standard methods
with hydrogen peroxide to remove organic material. The sample was then washed and
filtered to remove soluble salts, and was mechanically dispersed with a 300 watt ultra-
sonic probe for 15 minutes. Sodium metaphosphate was added when necessary to facil-
itate dispersion of the particles.

Particles of respirable size were separated by size and density with a standard water-
sedimentation technique'