Chapter 12: Electromagnetic Radiation

Objectives:

Describe the properties of ionizing and non-ionizing radiation, current uses or occurrences of them, shielding requirements and medical effects from exposure.

Describe the ionizing radiation units of dose and discuss the dose-response curves.

Differentiate between deterministic and stochastic effects as they apply to radiation exposure.

Describe biological effects on humans of acute whole body external doses of ionizing radiation.

Discuss the issues associated with nuclear power generation.

Identify the major consumer-product source of radiation exposure to the US public.

Know the principal source of public exposure to radiation.

Know the largest contributor of dose from artificial sources in industrialized nations.

Determine the largest contributor of artificially produced radionuclides into the environment over the last 50 years.

Describe common public misconceptions associated with nuclear power.

Describe methods for reducing individual exposure to radiation.

Electromagnetic radiation propagated in packets of energy called photons.

Energy is proportional to frequency, expressed in electron volts.

Cosmic, X, and gamma rays: 1015 to 1021 Hz, extremely penetrating, can have effects far from the source

Infrared and visible light: 1012 to 1015 Hz can be detected by human senses

Electric and magnetic fields: 1 to 103 Hz effects are concentrated near the source

Ionizing radiation: High energy photons strip away orbital electrons

Nonionizing radiation: Lower energy radiation that does not possess sufficient energy to strip away orbital electrons

1. Nonionizing Radiation

Ultraviolet radiation: Principal natural source is the sun.

Artificial sources: lights, welding torches, tanning lamps.

Amount of UV radiation reaching earth is affected by: season, time of day, latitude, clouds, elev.

Unable to penetrate most materials.

Causes skin aging.

Laser: light amplification by stimulated emission of radiation

Used in scientific, industrial and medical applications, consumer goods

Can be focused on a spot to generate high temperatures, can burn retina

Infrared radiation: emitted from objects to all other objects with lower temperature.

Does not deeply penetrate the skin. Can shield with reflecting material.

Excessive infrared radiation can cause cataracts in the eye.

Microwave radiation: radar, TV & radio transmission, satellites, microwave ovens

Industrial drying, insect control, medicine

Agitation of water molecules

108 to 109 Hz most dangerous, skin does not heat up

Concern with cell phones and hand held traffic radar; however, no convincing evidence

Electric and magnetic fields: transmission lines, toasters electric blankets.

Medical hypotheses on ill effects; however, neither mechanism of action, nor dose response relationship have been defined

Standards for control

Specific guidelines for occupational exposures published by the American Conference of Governmental Industrial Hygienists.

US Department of Health and Human Services - microwave ovens

International Commission on NonñIonizing Radiation Protection - effects vary widely.

Recommendations based on value judgements

2. Ionizing Radiation

Naturally occurring radioactive material, most derived from the decay of uranium

Biological effects

Ionization ejects electron. The residual molecule left with a positive charge is highly unstable and undergoes a rapid chemical change. Production of free radicals – very reactive. May lead to permanent damage to the molecule.

All cells susceptible to damage by ionizing radiation.  

Irreversible chemical change: damage to DNA

High dose can cause death

Lesser dose will inhibit mitosis.  White blood cell production in the bone marrow, cells in stomach and small intestine

Any dose can alter genetic material, mutations or other heritable alterations in DNA

Units of dose

- Sievert (Sv) unit of equivalent dose, measurement of amount, distribution, and resulting biological effects of the ions created by the passage of radiation through the tissue.  Collective dose is the person-Sv: multiply number of people exposed by their average individual dose.

- Deterministic effects: severity of the effect varies with the dose, threshold may occur.  Generally associated with acute exposures to all or part of the body. Cataracts, sterility.

Stochastic effects: Probability that an effect will occur (rather than the severity) is regarded as the function of the dose without threshold. Generally associated with repeated low doses, cancers, genetic damage.  Unit definitions: see Table 12.1, page 249

Dose-response relationship

Ionizing radiation has sometimes been called the universal carcinogen; however is relatively weak in carcinogenicity and mutagenicity. Not much human data on low dose, most from high dose over a short period. Miners, atom bomb survivors, Chernobyl.  Mutations induced by radiation in cultured human cells follows a linear model. Cell death is related exponentially to dose.  Shape of curve varies with the nature of ionizing radiation. NRC linear and quadratic models. Solid tumors linear model.

Types of exposure

External: to the body, injury depends on total dose, dose rate, and percentage and region of the body exposed.

Internal: ingestion or inhalation, alpha particles cause greater harm than beta particles.  In general, the larger the quantity consumed and the longer it is retained, the greater the hazard.

Whole body, effective dose (concentration in a single organ), air and water concentrations

3. Natural Background Radiation

Primarily cosmic (0.3 to 0.5 mSv per year), naturally occurring radiation from the earth (tenths to several mSv per year), ingested/inhaled (tenths to 2 mSv per year) varies by geographical location. 3mSv per year estimated annual dose in US of naturally occurring radiation.  About 1/2 of the exposure comes from radon and its decay products.

4. Artificial Sources

Radiation machines and radioactive materials from reactors and particle accelerators.

Radiation machines

Medical and dental uses: Exposure occurs to patient and to operator.  Protection includes: limiting time of exposure, maintain distance between the beam and the operator, providing adequate shielding.

Industrial uses: radiographic & fluoroscopic units, defects in castings, foreign material in food, 40,000 - 50,000 people occupationally exposed in the US

Commercial uses: luggage x-rays, few thousandths of a mSv exposure to passengers

Research uses: X-ray machines, particle accelerators, electron microscopes. Diffraction units account for a significant number of radiation injuries (hand burns)

Radioactive Materials

Hospitals, academic, industrial and research. Increased use of radioactive material in research in the US. Diagnostic nuclear medical exams, bodily wastes discharged to sewers. OK, because short lived, low exposure to public and sewer workers, more hazardous to try to collect.

5. Nuclear Power Operations

More than 100 nuclear power generation stations in the US in 1996, producing about 20% of the US demand.

About 50 reactors are used for training and research. Another 50 for DoE, and 200 for military propulsion.

450 nuclear power reactors world-wide produce about 17% of demand

Mining, milling, and fabrication

Strip mining, 86,000 tons of tailings per year per 1,000 megawatt power plant in the US

100 million tons of tailings in storage, mostly in New Mexico and Wyoming

Treatment of spent fuel

Each 1,000 megawatt plant produces 30 tons of spent fuel per year

Other countries reprocess spent fuel to recover energy; however, waste from this process must be treated.

Commercial nuclear power plants

Occupational exposure 1.5 to 2.6 person-Sv

30-110 cubic meters of low level solid waste

6. Nuclear Weapons Testing

Above and below ground weapons testing. Contaminated sites in Nevada.  The largest contributor of dose to the public from any artificial source is from the world’s nuclear testing.

7. Consumer Products

TVs, smoke detectors, bricks, unvented natural gas cooking and heating, domestic water, Watches with luminous dials, false 

teeth, eyeglasses, cloisonne’, gas lantern mantles

The major consumer-product source of radiation exposure to the US public arises through the smoking of cigarettes. 1.5 packs per day gives 160 mSv of exposure per year.

Coal and fertilizer. Food grown with these fertilizers.

8. Control and Benefits of Radiation

Cannot control all exposure

Radon control by venting

Reduction in x-ray exposures

Improved quality of life, computers, electric blankets, microwaves

No carbon dioxide, sulfur, nitrogen or particulate matter emissions

Food crops

9. General Outlook

Public misconceptions exist with nuclear power

Natural background radiation is principal source of public exposure

Largest contributor of dose from artificial sources in industrialized nations: X-rays in medical diagnosis

Largest contributor of artificially produced radionuclides into the environment over the last 50 years has been atmospheric testing of nuclear weapons.

Control your personal exposure
