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INDEX

Acoustic fields, 256, 257, 262
Acoustic impedance, 248, 249 (table)
Acoustic transients, 54, 143

Actinic keratosis, 32

ALARA principle, 277, 278, 297
Albinism, 34

Aluminium screening, IR control, 108
Alternating current, 180

American Conference of
Governmental Industrial
Hygienists (ACGIH), airborne
ultrasound levels, 278

IR threshold limit values, 106

laser installation guides, 74

UV threshold values, 36, 37, 40
American Institute for Ultrasound in

Medicine (AIUM), 254, 257, 278

American National Standards Institute
(ANSI), personnel exposure
standard, laser users, 74, 79, 105

American National Standards Institute
(ANSI), protection standards, 63,
123, 124, 151, 153, 154

p-Aminobenzoic acid, 38

Applications, laser(s), 52-53

Applications, ultrasound, 260-264,
275-276

Atmospheric electric field, 178

Auditory effects, “‘RF hearing”, 136,
138, 143144, 157

Behaviour, animal studies, 208
Bioelectromagnetics, 118
Biological effects, ELF fields,
207-213, 221
infrared radiation, 89-105
laser(s), 53-57
radiofrequency radiation, 120, 134,
138-151, 156
ultrasound, 256, 265-274
Biological system, irradiation of,
300-303, 301 (fig.)

Biophysical analysis, electric field
coupling, 189-195

Biophysical analysis, magnetic
field coupling, 203-205

Black light, 14
lamps, 35
UV emitters, 15

Blepharitis, 103

Blue-spectrum laser radiation, eye
damage due to, 59

Brain cells, sensitivity to
extracellular electrical
environment, 194, 206-207

Broad-band dosemeter, 36
Broadcasting installations, 151
Brunescent cataract, 30

Bureau of Radiological Health,
meeting (1978), 10

Cancer, 146-147,151,215,219,223,224
diagnostic ultrasound, 273, 280
hyperthermia therapy, 124, 263
of the eye, 34
of the skin, 32-34

Carbon arc, 15

Carbon arc, retinal lesions due to, 50

Cardiac pacemakers, 153, 220

Carotene, 38

Cataract, bilateral cortical, 98 (fig.),

99 (fig.)
brunescent, 30
furnace workers’, 93
glassblowers’, 50, 93, 94, 96 (table)
IR-produced, 77, 93, 94
photochemical, 55 (table), 80
RF-produced, 140-141, 150,
156, 157
surgery, 263-264
UV-produced, 30, 32, 41
Cells, heat killing of, 134, 269
Cellular studies, electric fields, 205-207

Chlorofluorocarbon emissions, action
on ozone layer, 21

Chromosomal aberrations, ELF
fields and, 219
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Chromosomal aberrations, ultra-
sound and, 8

Clothing, protection from UV, 38
Communication systems, 122, 123, 182

see also Transmitters
Congenital anomalies, 147, 219, 273
Conjunctivitis, IR-produced, 98
Conjunctivitis, UV-produced, 29
Cornea, burn, 55 (table), 56

IR effects on, 90-92

tumours of, 34

UV damage, 29-30, 62, 63 (fig.)

Corneal epithelium, percentage of
energy incident on, and other
ocular media, 25 (table)

Currents, electric fields, 176-181,
184-202

Currents, magnetic fields, 181-183,
203-205

Detectors, electromagnetic fields, 125
Diathermy equipment, 124, 128,
145, 153
Discharges, electric current,
195-202, 219
DNA, excision repair (dark repair)
of defects, 26
infrared and, 105
protein cross-links, 26
strand breaks, 25
ultrasound and, 266, 267, 268
UV absorption and, 25
Doppler effect, diagnostic
uses, 257, 258, 262, 281
Dosemeter, personal, for UV, 36
Down’s syndrome, 147

Dry eye, 98, 110

Eddy currents, 203
Education and training, electric and
magnetic fields, 223
exposure to NIR, 299
infrared sources, 111
laser(s), 80
radiofrequency radiation, 158
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Electrical discharges, personnel
protection, 195-202, 219

Electric and magnetic fields, 118-121

animal studies, 207-215

at extremely low frequencies,
175-243

biological effects, 182

cardiac pacemaker interference, 220

conclusions, 220-222

human studies, 215-220

laboratory experiments, 205-207

magnetic flux density, 183 (fig.),
205, 217, 220

recommendations, 222-224

see also Radiofrequency radiation

Electric field, behaviour, effects on, 208

cancer, 219

currents, 176-181, 184-202

discharges, 195-202, 219

exposure of workers to ELF
fields, 217-220

measurements, 177-178

protective measures, 195, 198

shielding, 195, 222

shock hazards, 194

short-circuit currents, 185 (table),
198, 202 (table)

threshold current densities, 189

threshold values, 198

voltage and waveforms, 196-198

Electro-explosive devices, 153

Electromagnetic fields, detectors, 125
medical exposure, 124
surveys, 126-128
Electromagnetic interference, 153
Electromagnetic waves, 118,
119 (fig.), 120-121
Electronic equipment, 153, 306
see also Cardiac pacemakers
Energy absorption, radiofrequency, 134
UV radiation, 23-26
see also Specific absorption
rate (SAR)
Epidemiological studies, 223, 272-273

Erythema (sunburn), 27, 36, 38,
103, 304

Erythema (sunburn), action
spectrum, 35, 37



Erythropoietic protoporphyria,
B-carotene for, 38
European Federation of Societies

for Ultrasound in Medicine
and Biology, 277

Experimental models, electric
fields, 185

Experimental models, RF radi-
ation, 142

Exposure limits, standards, 36, 105,
294, 295, 307
laser(s), 57-66

radiofrequency radiation, 138, 154,
155 (tables), 156, 157

Eye, adverse effects of optical

radiation, 55-56

composite absorption of optical
radiation by deeper
tissues, 91 (fig.)

cross-section, 30 (fig.)

energy absorption of deeper
tissues, black body radiation at
different temperatures, 92 (fig.)

energy absorption of deeper
tissues, spectral distribution
of sunlight, 92 (fig.)

laser injury, 78

late non-stochastic effects
of UV, 32

late stochastic effects of UV, 32-34

lens defects, RF exposure, 138,
140-141, 157
melanoma, 34
minimum exposure factors, 59
penetration by UV, 23
protection against IR exposure,
108, 109 (fig.)
spectral transmittance of ocular
media, 90, 91 (fig.)
threshold limit value (TLV)
to IR, 106
UV effects in man, 29-31, 40-41
see also Cornea and Retina

Faraday’s law, 204
Fibrosarcoma of cornea, 34
Flash tubes, 15

Fluorescent tubes, 15, 29, 35

Fluorocarbons, 21
Furnace workers’ cataract, 93

Gas tungsten arc welding, emission
spectrum, 17 (fig.)

Glassblowers’ cataract, 50, 93,
94, 96 (table)

Glassworkers, 103
Glaucoma, surgery, 264
Goggles for IR protection, 108-109

Haemangioendothelioma of cornea, 34
Hague, The (1971) working group, 9
Halogen-containing fluorocarbons, 21
Health, WHO definition, 300-301
Heating devices, 105, 123, 184
HeLa cells, repair in, 26
Herpes, treatment of, exposure

to UV, 35
High-voltage overhead lines, 8

see also Transmission lines
High-voltage workers, 195, 218
Human exposure, effects of RF

radiation, 138-148, 158

laboratory experiments, electric
and magnetic fields, 215-217

ultrasound, 247, 254

see also Occupational exposure
Hydrogen and deuterium lamps, 15
Hydrophones, 256

Hyperbilirubinaemia, phototherapy of
infants with, 35

Immune system, effects of electric
fields, 214-215

Induced currents in body, 186-195
Information programmes, 41, 308
Infrared radiation, 2 (table), 8, 85-115

aluminium screening, 108

apnoea in infants exposed to radiant
warmers, 105

aqueous humour, effects on, 92
biological effects, 89-105
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Infrared radiation (contd)
blepharitis, 103
carcinogenesis and, 105
cataracts due to, 93-98
characteristics, 86

conjunctivitis, decreased
lachrymation, 98

control measures, 107-109
cornea, effects on, 90-92

experimental threshold
exposures, 94

eye threshold limits, 106, 110

eyelid, effects on, 90, 103

genetic effects, 105

hazard evaluation, 111

high temperature heater, emission
curve, 99, 100 (fig.)

immunological reactions, 104

industrial exposures, 94-98

instrumentation, 88-89

intestinal injury and adhesions,
post-operative, 105

iris, effects on, 93

kidneys, vascular congestion, 104

laser radiation exposure, 56, 76

lens, effects on, 93

nerve conduction blocked, 104

occupational exposure, 87-88

ocular hazards, 89-98, 106

penetration into Caucasian/Negroid

skin, 102, 103 (fig.)
photon detector, 88

problems and recommendations,
109-111

production, 94

retina, effects on, 94

skin hazards, 98-104, 110, 139
sources, 86-88
spectroradiometers, 89

sperm count reduced, 105

spleen, vascular
congestion, 104

standards for exposure,
105-107, 110

testicle damage, 104

thermal detector, 88

upper respiratory disease in
foundry workers, 104

International agreements, 294-295
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International Commission on
Radiological Protection
(ICRP), 295, 297

International Electrotechnical
Commission (IEC), 40, 74, 80

International Labour Office
(ILO), 152

International Organization for
Standardization (ISO), 106, 278

International Radiation Protection
Association (IRPA), 40, 80,
152, 154, 157, 295

International Symposium on
Biological Effects and Health
Hazards of Microwave Radiation
(Warsaw, 1973), 10

Iris, melanoma of, 34

Irradiation, maximum permissible

exposure, 301 (fig.)

of biological system, 300-303
physical quantity, 302

Laboratory, cellular studies, 205-207
electric field exposure, 178, 216, 217
testing of cardiac pacemakers, 220
ultrasound processing

equipment, 258
Laser(s), 2-3 (table), 8, 49-83
acoustic transients, 54
action, 50-51
applications, 52-53
biological effects, 53-57
control measures, 73-75, 80
denaturation of protein, 53-54
elastic transient pressure wave, 54
emission duration, 51
environmental hazard, 52
exposure, long-term (chronic),
77,79

exposure, low-level, 76

exposure, minimum factors of, 59

exposure, ultra-short, 77

exposure limits, 57-66

exposure limits, direct ocular
exposures, 64 (table)

exposure limits, for viewing diffuse
reflection, 65 (table)

exposure limits, minimum limiting
angle of extended source,
65 (table)



Laser(s) (contd)

exposure limits, skin
exposure, 65 (table)

eye damage, 55 (table), 56, 78

eye protection, 59, 305

hair growth and, 57

hazards, 66-73

hazards, classification, 67-70

hazards, detailed analysis, 70-73

hazards, environmental factors,
71-72

hazards, evaluation, 79

hazards, multiple wave-
length/multiple source, 70

hazards, output parameters, 68

hazards, personnel exposed,
72-73, 80

indoor operations, 71

medical assessment, 75-76

mode-locked, 76

outdoor operations over extended
distances, 71-72

pathophysiology, 54-57

phagocytosis index and, 57

photochemical reactions, 54

photosensitizing chemicals and, 57

recommendations for further
investigations, 76-79

retinal injury, 55-56, 59,
75-76, 80

retinal injury, threshold for
extended sources, 60 (fig.)

retinal injury, threshold for
minimal image condition,
59 (fig.), 59-60

safety code “all-purpose™, 59

secondary effects, 51

skin, adverse effects on, 56-57, 75,
79, 80

thermal coagulation
necrosis by, 56

thermal effects, 56

thermo-acoustic transient pressure
wave, 54

types of pulsed, 51

use in medicine, 52

wound healing and, 57

see also Optical radiation

Laser Institute of America, laser
installations guide, 74

Legislation, data for, 294-297, 306

Lens of eye, damage, 30, 78,
138, 140-141
Lenticular cataract, 8

Lorentz force, 181, 204

Magnetic field, biophysical
analysis, 203-205
cancer and, 219-220
currents, 181-183, 203-205
human/animal studies, 207-220
man-made sources, 182
natural, 182
pulsed, in medical care, 183, 217
sensors, 125
transmission lines, 182
Magnetic flux density, 183 (fig.), 205,
217, 220
Magnetic resonance imaging
(MRID), 124
Man, resonant frequency for, 129

Measurements, electric fields,
177-178, 221

infrared radiation, 88

laser emissions, 79

magnetic fields, 182, 221
radiofrequency radiation, 125
sound fields, 254-258
ultraviolet radiation, 35~36

Melanin pigment of skin, UV
effect, 27-28

Melanoma, 32, 33, 34, 40

Méniere’s disease of the inner ear, 264

Mercury lamp, 15, 16-17 (figs)

8-Methoxypsoralen, 34

Microwave ovens, 8, 122, 128, 151, 302

Microwave radiation, see Radio-
frequency radiation

Minimal erythema dose (MED), 27

Modification factor, relative
absorption by retina
and, 60, 61 (fig.)

Modification factor, repetitively pulsed
lasers having pulse durations shorter
than 10s, 61, 62 (fig.)

Mortality studies, RF radiation,
145-147

Mouth, UV effects in man, 29
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National Council on Radiation
Protection and Measurements
(NCRP), 251, 257

Neonatal jaundice, phototherapy
of infants with, 35

Nervous system, effects on,
electric and magnetic
fields, 207-208, 209-213

Noble gas lamps, 15

Non-melanoma skin cancer, ozone
layer thickness and, 21

Occupational exposure, electric

fields, 222

infrared radiation, 87-88

laser(s), 72-76

of pregnant women, 305

RF energy, 144-147, 155 (table),
158, 305

ultrasound, 174

ultraviolet, 34-35

Optical radiation, 49-83

emission from black bodies at
various temperatures, 87 (fig.)

eye penetration, 50

nonionizing, 50

pathophysiological responses, 54-57

protection standards, 62-63

relative absorption by retina and
modification factor, 61 (fig.)

skin penetration, 50

surface action, 50

see also Laser(s)

Ozone layer, upper atmosphere, 19-21

Photo-allergy, 31
Photodiode detector, 36
Photodynamic dyes, 35

Photokeratitis, 29, 37, 55 (table),
56, 80

Photokeratitis, threshold, 63 (fig.)
Photomultiplier, 36
Photosensitization, chemical, 31
Photosensitizer, 31

Phototherapy, 35

Phototoxicity, 31

Phototube, 36
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Physiotherapy, ultrasound, 262-263,
280, 281

Piezoelectric hydrophone, 256
Post-replication repair, 26
Protection measures, capacitative
discharges and contact
currents, 198
electric field coupling, 195
legislation data, 295-297
magnetic field coupling, 205
radiofrequency, 151-154
remedial, 307
technological development
and, 295-296
ultrasound, 279-280
ultraviolet, 38-39

Psoralens, naturally occurring, 31
Psoralens, psoriasis treated by, 35
Psoriasis, 35

Pulse-echo diagnostic equipment, 252,
257, 259, 262, 281

PUVA, 34, 35, 38
Pyrimidines, 25, 26

Radar(s), 122, 123, 138, 141, 143,
151, 306

Radar(s), occupational exposure
surveys, 144-147

Radiation accidents, reporting on, 296

Radiofrequency radiation, 3 (table),

8,117-173

ambient environment, 122

athermal interaction mechanisms,
136-137

auditory effects (‘‘RF-hearing”),
138, 143-144, 157

biological effects, 120, 134,
138-151, 156

blood-forming system, effects
on, 149, 157

burn, 137

cancer, 124

cardiovascular changes, 144

cataracts produced by, 140-141,
150, 156, 157

cellular effects, 134-135

code of practice for protection of
workers, 151



Radiofrequency radiation (contd)

congenital anomalies, 147

cutaneous perception, effects
on, 138-140

devices, 121-124

diathermy devices, 124, 128, 145

dosimetry, 128-133

Down’s syndrome, 147

electric shock, 137

electroencephalographic
changes, 157

electromagnetic field surveys,
126-128

exposure limits, 138, 154,
155 (tables), 156

frequencies, 129-134, 136, 138

genetics and mutagenesis, 150

hazardous fields, 126-128

heating equipment, 123, 263

high-power sources, 122

immune system, effects on, 149, 157

instrumentation, 125-128, 154

interaction mechanisms, 134-137

measurement, 125-128

medical equipment, 124, 153

microwave irradiation, 145-146, 302

mortality and morbidity,
145-147, 156

nervous system, effects on, 149,
157, 158

non-human studies, 148-151

occupational exposure, 123, 124,
128, 144-147, 158

protective measures, 151-154

pulse-modulated, 143, 149, 157

quantities and units, 118, 121

relay systems, 122

reproductive effects, 147, 148, 157

research, 158

sealers, 123, 126, 128

shielding, 151, 153, 158

solitons, 137

sources, 121-124, 156

specific absorption rate (SAR),
128-134, 130-133 (figs), 141,
142, 148, 149, 154, 156-158

standards, 154, 157

surveys, potentially hazardous
fields, 126-128

synergistic effects, 157

thermal effects, 134-135, 137, 158

Radiofrequency radiation (contd)
thermoregulatory responses, 139,
141-143, 148
threshold temperature, 139
urban environment, 122

see also Electric and magnetic fields

Regulation and enforcement
procedures, 293-314
approval of application, 306
approval of equipment, 307
common procedures, 298-299
compliance and enforcement,
305-309
exemptions, 308
information programmes, 308
inspection and maintenance, 308
legislation, data for, 294-297
protection measures, 295-296
review of regulations, 308
safe exposure limits, 299-305
safe exposure limits, causal
model, 300-303
safe exposure limits,
phenomenological model, 303
standards, 297-299
Resonant frequency, 129
Retina, IR effects on, 94, 95
laser injury, 55-56, 59-62
ophthalmoscopic examination,
75-76
photochemical injury, 59
relative absorption of optical
radiation, 60
thermal injury, 55 (table), 56, 59
thermo-acoustic injury, 59
threshold mechanisms of injury, 59
UV damage, 30
Retinoic acid, 38

Robertson-Berger apparatus, 38

Safe exposure limits, 299-309
causal model, 300-303
conservative assumptions, 304
phenomenological model, 303

Short-circuit current, 185-189, 198

Skin, basal-cell carcinoma, 32, 33
cancer, 8, 21, 32-34
cell growth and UV, 34
DNA defects after UV, 34
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Skin (contd)
erythema (sunburn), 27, 36, 57
exposure from a laser beam, limits,
66 (table)
hazards due to IR, 98-104, 110, 139
heat effects, 103, 139, 156
IR penetration, Negroid/Caucasian
skin, 102, 103 (fig.)
laser action on, 56-57, 75, 79, 80
late non-stochastic effects
of UV, 32
late stochastic effects of UV, 32-34
malignant tumours after UV, 34
melanin pigment and UV, 27-29
minimal reaction levels, 58 (table)
pigmentation and reflectance,
99-101, 100 (fig.)
premature aging due to UV, 32
properties, 98
reflection curves, 99, 100 (fig.)
scattering of transmitted energy,
101 (fig.), 102
squamous cell carcinoma, 32-33
structure, 28 (fig.), 98
thermal coagulation necrosis, 56
transmission spectrum, 101,
102 (fig.)
UV effects in man, 27-34, 40-41
Snow blindness, 55
Solar activity, 182
Sound fields, 251-254
Sound speed, 247-248
Sources, electric field, 178-181
infrared radiation, 86-88

magnetic field, 182-183
radiofrequency radiation, 121-124
Specific absorption rate (SAR),
128-134, 130-133 (figs), 141, 142,
148, 149, 154, 156, 157
Spectacles for IR protection, 109
Spectral weighting function
for assessing retinal hazards

from broad-band optical
sources, 107 (table)

Spectroradiometers, 89

Standards, 297-299
personnel exposure, laser users, 74,
79, 105
protection, 63, 123, 124, 151-154
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Submarine detection, pulse-echo
method, 261
Sun, source of UV, 14, 19-21
Sun, spectrum, outer surface,
atmosphere/sea level, 18 (fig.)
Sun-blocking substances, 38
Sunburn, 27-29, 80
see also Erythema

Suntan, 27-29, 35

Thermal absorption, 134-135

Thermoelastic expansion
mechanism, 143

Thermoregulatory responses, 138,
141-143, 148

Thunderstorms, 182

Thymidine, 25, 26

Tissue damage (denaturation), heat
produced, 103

Traffic radars, 122, 306
see also Radar(s)

Transmission lines, electric field,

178, 179 (figs), 180, 180 (table),
181, 198, 205, 218, 223

Transmission lines, magnetic field, 182

Transmitters, radio and television, 122,
124, 153, 158

Transverse electromagnetic cell, 126
Tungsten halogen lamps, 15

Ultrasound energy, 8, 246-291
absorption, 250, 251
acoustic impedance, 248, 249 (table)
airborne, effects of, 258, 278-279
applications, 260-264, 275-276
attenuation, 249-250, 254
biological effects, 256, 265-274
biomolecules, action on, 265-266
cancer therapy, 263, 275, 280
cavitation, 258, 258-260, 264,

267,271

cell death, 267
cells, action on, 267-269

cells, chromosomal changes,
267-268
cells, genetic damage, 267-268



Ultrasound energy (contd)

cells, structural changes, 268

DNA, action on, 266

Doppler and therapy band, 265,
266 (table)

hearing loss due to, 274

human epidemiology, 272-273

hydrophone measurement, 256

in dentistry, 264

industrial/laboratory processing
equipment, 258

insects, action on, 271-272

intensity, 254, 256, 257

mammals, action on, 270-271

measurement applications, 261

measurement of sound fields,
254-258, 277

medical diagnosis, 254, 257, 259,
261-262, 274, 276-278, 281

medical equipment, 255 (table),
279-280

multicellular organisms, action
on, 270-272

occupational exposures, 273-274

physical medicine, 275-276

physical properties, 247

physiotherapy, 262-263, 280, 281

plants, action on, 272

pressure thresholds, 259

properties of various media,
249 (table)

protection measures, 279-280

sound speed, 247

standards, 258

structure of sound fields, 251

surgery, use in, 263-264, 280

testing applications, 261, 277

therapy applications, 262-263, 277

threshold for thermal tissue
damage, 251

transmission through interfaces, 248

underwater target location, 261

Ultraviolet radiation, 2 (table), 8, 13-48

absorption, 23-26

arcs emitting, 34

areas of risk from over-
exposure, 34-35

artificial production in mines and
cellars, 14

Ultraviolet radiation (contd)

black light region (UV-A), 14

broad-band source maximal
permissible exposure, 37

chemical photosensitization, 31

destructive effect on skin and
eye, 14

dosimetry, 35-36

epidemiological and experimental
studies, 40-41

erythema dose, minimal (MED),
27, 36

exposure of body to, 34, 39

fluorescent lamps (UV-A), 29

germicidal region (UV-C), 15

in graphic reproduction
techniques, 34

incandescent sources, 15

irradiance/cancer incidence,
measured by Robertson-Berger
method, 38

late non-stochastic pathological
effects on skin and eye, 32

late stochastic effects on skin
and eye, 32-34

mice, action on skin, 29

mixed sources, 15, 16

mouth, effects on, in man, 29

ozone layer, 21

pathological effects in man,
26-34, 40

pathological effects, immuno-
logical, 31

pathological effects, non-stochastic,
26-31

pathological effects, stochastic,
32-34

personal dosemeters, 36

photochemical effects, 19, 23-26, 40

physical description, 14

polluted air effect, 21

production, 13-14

production, mixed sources, 15-16

protection from industrial sources, 39

protection from solar UV
radiation, 38

relative levels from illumination
sources, 37

safety standards, 36-38

skin erythemal region (UV-B), 15,36
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Ultraviolet radiation (contd)
sterilization of food and air, 34
sun as source, 14, 19-21, 27
threshold limit values and relative

spectral effectiveness by wave-
length, 8-hour exposure,
37 (table)
transmission in biological tissue, 23
vacuum, 50
vitamin D,, 14, 36

Video-display equipment, 182
Visible light radiation, 2 (table)
Vitamin D;, 14, 36

Wavelengths, tumour induction
suitable, 32-33

Welders’ flash, 55
Welders, protection from IR, 108-109
Welders, protection from UV, 39
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Welding, arcs, 34
curtains for IR control, 108
emission spectrum, 17
masks/hoods, 39
retinal injury from, 95
ultrasound in, 260
Women, pregnant, occupational
exposure, 305
Workers, code of practice on
protection against RF
radiation, 151
studies of electric and magnetic
fields exposure, 218
see also Occupational exposure
Working Group on Health
Effects from Lasers
(Dublin 1974), 10

World Federation for Ultrasound in
Medicine and Biology, 277

Xeroderma pigmentosum, 26, 34





