Module 2:			Biological Effects			

Terminal Objective:

Given various radiation doses and sources of radiation, identify natural and manmade sources of radiation and the biological risks associated with radiation dose in accordance with lesson materials.

Enabling Objectives:

The participant will be able to select the correct response from a group of responses to verify his/her ability to:

EO1	Identify the major sources of natural background and manmade radiation.
EO2	Identify the average annual dose to the general population from natural background and manmade sources of radiation.
EO3	State the method by which radiation causes damage to cells.
EO4	Identify the possible effects of radiation on cells.
EO5	Define the terms “acute dose” and “chronic dose.”
EO6	State examples of chronic radiation dose.
EO7	Define the terms “somatic effect” and “heritable effect.”
EO8	State the potential effects associated with prenatal radiation dose.
EO9	Compare the biological risks from chronic radiation doses to health risks workers are subjected to in industry and daily life.

Instructional Aids:

1.	Student Guide
2.	Transparencies
3.	Activities (as applicable)
4.	Self-check quizzes (as applicable)
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I.	MODULE INTRODUCTION	

A.	Self Introduction	

1.	Name

2.	Phone Number

3.	Background

B.	Module Overview	

The fact that ionizing radiation produces biological damage has been known for many years.  We have gained most of our knowledge of these effects since World War II. 
In this module, we will discuss the potential for biological effects and risks due to ionizing radiation and put these potential risks into perspective when compared to other occupations and daily activities.  With this information, it is hoped that employees will develop a healthy respect for radiation rather than fear or disregard.

C.	Objectives Review

D.	Introduction	

We know more about the biological effects of ionizing radiation than most other environmental factors.  Rather than just being able to base our information on animal studies, we have a large body of information available regarding exposures to humans.  There are four major groups of people that have been exposed to significant levels of radiation.

The first group includes early radiation workers, such as radiologists.  These workers received large doses of radiation before the biological effects were recognized.  Since that time, standards have been developed to protect workers.

The second group is the more than 250,000 survivors of the atomic bombs dropped at Hiroshima and Nagasaki.  Some of these survivors received doses estimated to be in excess of 50,000 mrem.

The third group includes individuals who have been involved in radiation accidents.

The fourth and largest group of individuals are patients who have undergone radiation therapy for cancer and other diseases.


II.	MODULE OUTLINE	

A.	Sources of Radiation	

We live in a radioactive world and always have.  In fact, the majority of us will be exposed to more ionizing radiation from natural background radiation than from our jobs.

1.	Natural sources

There are several sources of radiation that occur naturally.  The radiation emitted from these sources is identical to the radiation that results from manmade sources.

The four major sources of naturally occurring radiation exposures are:

·	Cosmic radiation

·	Sources in the earth’s crust, also referred to as terrestrial radiation

·	Sources in the human body, also referred to as internal sources

·	Radon 

a.	Cosmic radiation (total average dose ~ 28 mrem/yr)

1)	Cosmic radiation comes from the sun and outer space.  It consists of positively charged particles and gamma radiation.

2)	At sea level, the average annual cosmic radiation dose is about 26 mrem.

3)	At higher elevations, the amount of atmosphere shielding cosmic rays decreases; therefore, the dose increases.

b.	Sources in earth’s crust (terrestrial) (total average dose ~ 28 mrem/yr)

There are natural sources of radiation in the ground (i.e., rocks and soil).

1)	Some of the contributors to terrestrial sources are the natural radioactive elements radium, uranium, and thorium.

2)	Many areas have elevated levels of terrestrial radiation due to increased concentrations of uranium or thorium in the soil.

c.	Internal (total average dose ~40 mrem/yr)

1)	The food we eat and the water we drink contain trace amounts of natural radioactive materials.

2)	These naturally occurring radioactive materials deposit in our bodies and cause internal exposure to radiation.


3)	Some naturally occurring radioactive isotopes include Sodium-24 (Na-24), Carbon-14 (C‑14), Argon-41 (Ar-41), and Potassium-40 (K-40).  Most of our internal exposure comes from K-40.

d.	Radon (total average dose ~ 200 mrem/yr)

1)	Radon comes from the radioactive decay of uranium, which is naturally present in the soil.

2)	Radon is a gas.  It can travel through the soil and enter through building foundation cracks.  The greatest concentrations of indoor radon are found in basements.

3)	Radon emits alpha radiation.  It presents a hazard only when taken into the body (e.g., when inhaled).

2.	Manmade sources

The difference between manmade sources of radiation and naturally occurring sources is the origin of the source, i.e., where the radiation is either produced or enhanced by human activities.

The four top sources of manmade radiation exposures are:

·	Tobacco products (cigarettes, cigars etc. although the tobacco is not manmade - the products are)

·	Medical radiation

·	Building materials

·	Domestic water supply (radon)

a.	Tobacco products (average dose ~1300 mrem/yr)

b.	Medical radiation sources (total average dose ~ 300 mrem/yr)

		1)	computed tomography (total average dose ~  150 mrem/yr)

		2)	nuclear medicine (total average dose ~  75 mrem/yr)

		3)	radiography/fluroscopy (total average dose ~  75 mrem/yr)

In addition to X rays, radioactive materials and radioactive sources are used in medicine for diagnosis and therapy.

c.	Building materials (total average dose ~7 mrem/yr)

d.	Domestic water supply (radon) (total average dose ~5 mrem/yr)


e.	Other minor contributors

Other contributors to dose include consumer products, industrial sources, and atmospheric testing of nuclear weapons.

3. Average annual dose

The average annual total effective dose to the general population (non-smokers) from naturally occurring and manmade sources is about 620 mrem.

B.	Effects of Radiation on Cells	

The human body is made up of many organ systems.  Each system is made up of tissues.  Specialized cells make up tissues.  Ionizing radiation can potentially affect the normal function of cells.

1.	Biological effects begin with the ionization of atoms

a.	The method by which radiation causes damage to human cells is by ionization of atoms in the cells.  It may also cause excitation.  Excitation is where the radiation deposits energy into an atom raising its energy level but not enough energy to eject a bound electron.  Atoms make up the cells that make up the tissues of the body.  Any potential radiation damage begins with damage to atoms.

b.	A cell is made up of two principal parts, the body of the cell and the nucleus.  The nucleus is like the brain of the cell.

c.	When ionizing radiation hits a cell, it may strike a vital part of the cell like the nucleus or a less vital part of the cell, like the cytoplasm.

2.	Cell sensitivity

Some cells are more sensitive than others to environmental factors such as viruses, toxins, and ionizing radiation.

a.	Actively dividing and non-specialized cells

1)	Cells in our bodies that are actively dividing are more sensitive to ionizing radiation.

2)	Cells that are rapidly dividing include blood-forming cells, the cells that line our intestinal tract, hair follicles, and cells that form sperm.

b.	Less actively dividing and more specialized cells

Cells that divide at a slower rate or are more specialized (such as brain cells or muscle cells) are not as sensitive to damage by ionizing radiation.

3.	Possible effects of radiation on cells

Several things can happen when a cell is exposed to ionizing radiation.  The following are possible effects of radiation on cells.

a.	There is no damage

b.	Cells are damaged but are able to repair the damage and operate normally

1)	The body of most cells is made up primarily of water.  When ionizing radiation hits a cell, it is most likely to interact with the water in the cell.  One of the byproducts of radiation-induced ionization of water is hydrogen peroxide.   Hydrogen peroxide can damage cell atomic structures.

2)	Ionizing radiation can also hit the nucleus of the cell.  The nucleus contains the vital parts of the cell, such as chromosomes.  The chromosomes determine cell function.  When chromosomes duplicate themselves, the chromosomes transfer their information to new cells.  Radiation may cause a change in the chromosome that does not affect the cell.

3)	Damage to chromosomes and other cell structures can be repaired.  In fact, our bodies repair a very large number of chromosome breaks every day (References 7 and 10).

c.	Cells are damaged and operate abnormally

1)	Cell damage may not be repaired or may be incompletely repaired.  In that case, the cell may not be able to function properly. 

2)	It is possible that a chromosome in the cell nucleus could be damaged but not be repaired correctly.  If the cell continues to reproduce, this is called a mutation and may result in cancer.

d.	Cells die as a result of the damage

At any given moment, thousands of our cells die and are replaced by normal functioning cells.  However, the radiation damage to a cell may be so extensive that the cell dies prematurely.


C.	Acute and Chronic Radiation Dose	

Potential biological effects depend on how much and how fast a radiation dose is received.  Radiation doses can be grouped into two categories:  acute and chronic dose.

1.	Acute radiation doses

a.	High doses of radiation received in a short period of time are called acute doses.  The body’s cell repair mechanisms are not as effective for damage caused by an acute dose.

b.	Acute doses to the whole body

After an acute dose, damaged cells may be replaced by new cells and the body may repair itself, although this may take a number of months.  Only in extreme cases, such as with the Chernobyl firefighters (500 rem), would the dose be so high as to make recovery unlikely.

c.	Acute doses to only part of the body

1)	X-ray machines

It is possible that radiation exposure may be limited to a part of the body, such as the hands.

There have been accidents, particularly with X-ray machines, in which individuals have exposed their fingers to part of the intense radiation beam.  In some of these cases, individuals have received doses of millions of mrem to their fingers, and some individuals have lost their finger or fingers.  It is important for individuals who work with X-ray or similar equipment to be trained in the safe use of this equipment.

2)	Radiation therapy

a)	Radiation therapy patients receive high doses of radiation in a short period of time, but generally only to a small portion of the body (not a whole body dose).  

b)	The skin and limited tissue of these patients may receive significant doses, but doses to the region of a tumor are many times higher.

c)	Ionizing radiation is used to treat cancer in these patients because cancer cells are rapidly dividing and therefore sensitive to ionizing radiation.  Some of the side effects of people undergoing radiation therapy are hair loss, nausea, and tiredness.

d.	Probability of a large acute dose

What is important to understand is that it takes a large acute dose of radiation before any physical effect is seen.  These acute doses have occurred in Hiroshima/Nagasaki, and in a few radiation accidents, including Chernobyl.  The possibility of a radiological worker receiving a large acute dose of ionizing radiation on the job is extremely low.  Typically, radioactive materials are handled in small quantities that do not produce a large amount of radiation.  Where there is a potential for larger exposures, many safety features are required.

2.	Chronic radiation doses

A chronic radiation dose is typically a small amount of radiation received over a long period of time.  An example of a chronic dose is the dose we receive from natural background every day of our lives.  The body’s cell repair mechanisms are better able to repair a chronic dose than an acute dose.

a.	The body has time to repair damage because a smaller percentage of the cells need repair at any given time.

b.	The body also has time to replace dead or non-functioning cells with new, healthy cells.

3.	Biological effects of radiation exposure

Somatic effects refer to the effects radiation has on the individual receiving the dose.

Genetic effects refer to mutations due to radiation damage to the DNA of a cell.  When this change is in the DNA of parental reproductive cells, it is called a heritable effect.

a.	Somatic Effects

Somatic effects can best be described in terms of prompt and delayed effects as discussed below.

Prompt Effects

Although rare in the nuclear industry, large doses are typically acute radiation doses representing serious overexposures.  The biological effects of large acute doses are as follows:

Table 2-1
	Prompt Biological Effects

	
Dose (rad)
	
Effect

	
0-25
	
None detectable through symptoms or routine blood tests.

	
25-100
	
Changes in blood.

	
100-300
	
Nausea, anorexia.

	
300-600
(450 rem is considered the dose where 50% fatalities occur within 30 days with no medical help (lethal dose - LD 50/30)
	
Diarrhea, hemorrhage, and
possible death



2) Delayed Effects

Delayed effects may result from either a single large acute overexposure or from continuing low-level chronic exposure.  Cancer in its various forms is the most important potential delayed effect of radiation exposure.  Other effects noted include cataracts, life shortening and, for individuals exposed in the womb, lower IQ test scores.		

b.	Heritable Effects

A heritable effect is a physical mutation or trait that is passed on to offspring.  In the case of heritable effects, the parental individual has experienced damage to some genetic material in the reproductive cells and has passed the damaged genetic material onto offspring.

1)	Heritable effects from radiation have never been observed in humans but are considered possible.  They have been observed in studies of plants and animals.

2)	Heritable effects have not been found in the 77,000 Japanese children born to the survivors of Hiroshima and Nagasaki (these are children who were conceived after the atom bomb -- i.e., heritable effects).  Studies have followed these children, their children, and their grandchildren.






4.	Factors affecting biological damage due to exposure to radiation

a.	Total dose

In general, the greater the dose, the greater the potential for biological effects.

b.	Dose rate (how fast)

The faster the dose is delivered, the less time the body has to repair itself.

c.	Type of radiation

For example, internally deposited alpha emitters are more damaging than beta or gamma emitters for the same energy deposited.  Alpha emitters deposit energy in a very small mass, beta and gamma emitters deposit their energy over a larger mass.

d.	Area of the body that receives a dose

In general, the larger the area of the body that receives a dose, the greater the biological effect.

Extremities are less sensitive than blood forming and other critical organs.  That is why the annual dose limit for extremities is higher than for a whole body dose that irradiates internal organs.

e.	Cell sensitivity

The most sensitive cells are those that are rapidly dividing.  Examples include blood cells, hair follicles, and the cells lining the gastrointestinal tract.

f.	Individual sensitivity

Some individuals are more sensitive to environmental factors such as ionizing radiation.

The developing embryo/fetus is the most sensitive, and children are more sensitive than adults.  This is due to their having large number s of rapidly dividing cells.

In general, the human body becomes relatively less sensitive to ionizing radiation with increasing age.  The exception is that elderly people are more sensitive than middle-aged adults due to the inability to repair damage as quickly (less efficient cell repair mechanisms).



D.	Prenatal Radiation Exposure	

Although no effects were seen in Japanese children conceived after the atomic bomb, there were effects seen in some children who were in the womb when exposed to the atomic bomb radiation at Hiroshima and Nagasaki.  Some of these children were born with a slightly smaller head size, lower average birth weight, and increased incidence of mental retardation.  Some later showed lower IQ test scores and slower scholastic development, smaller physical size, and increased incidence of behavioral problems.

1.	Sensitivity of the fetus

Embryo/fetal cells are rapidly dividing, which makes them sensitive to many environmental factors including ionizing radiation.  The embryo/fetus is most susceptible to developing adverse health effects if exposed during the time period of 8 - 15 weeks after conception.

2.	Factors for potential effects associated with prenatal exposures

Many chemical and physical (environmental) factors are suspected of causing or known to have caused damage to a fetus, especially early in the pregnancy.  Radiation, alcohol consumption, exposure to lead, and heat, such as from hot tubs, are only a few such factors.

E.	Risks in Perspective	

Current radiation protection standards and practices are based on the premise that any radiation dose, no matter how small, can result in health effects such as cancer.  Further, it is assumed that these effects are produced in direct proportion to the dose received (i.e., doubling the radiation dose results in a doubling of the risk of the effect).  These two assumptions lead to a dose-response relationship, often referred to as the linear, no-threshold model, for limiting health effects at very low radiation dose levels.

However, it should be noted that this is a conservative assumption made in the absence of more conclusive evidence.  Health effects (primarily cancer) have been observed in humans only at doses in excess of 10 rem delivered at high dose rates.  Below this dose, estimation of adverse health effects is speculative.  Risk estimates that are used to predict health effects in exposed individuals or populations are based on epidemiological studies of well-defined populations (e.g., the Japanese survivors of the atomic bombings in 1945 and medical patients) exposed to relatively high doses delivered at high dose rates.  It is generally accepted that studies have not demonstrated adverse health effects in individuals exposed to small doses (less than 10 rem) delivered over a period of many years.

1.	Risk from exposures to ionizing radiation

a.	No increases in cancer have been observed in individuals who receive a dose of ionizing radiation at occupational levels. The possibility of cancer induction cannot be dismissed even though an increase in cancers has not been observed.  Risk estimates have been derived from studies of individuals who have been exposed to high levels of radiation.

b.	The risk of cancer induction from radiation exposure can be put into perspective.  This can be done by comparing it to the normal rate of cancer death in today’s society.  The current rate of cancer death among Americans is about 20 percent.  Taken from a personal perspective, each of us has about 20 chances in 100 of dying of cancer.  A radiological worker who receives 25,000 mrem over a working life increases his/her risk of cancer by 1 percent, or has about 21 chances in 100 of dying of cancer.  A 25,000 mrem dose is a fairly large dose over the course of a working lifetime.  The average annual dose to DOE workers is less than 100 mrem, which leads to a working lifetime dose (40 years assumed) of no more than approximately 4,000 mrem.

2.	Comparison of risks

a.	Table 2-2 compares the estimated days of life expectancy lost as a result of exposure to radiation and other health risks.

The following information is intended to put the potential risk of radiation into perspective when compared to other occupations and daily activities.


	Table 2-2
	Estimated Loss of Life Expectancy from Health Risks

	
Health Risk	Estimated Loss of Life Expectancy 

Smoking 20 cigarettes a day	6 years
Overweight  (by 15%)	2 years
Alcohol consumption (U.S. average)	1 year
Agricultural accidents	320 days
Construction accidents	227 days
Auto accidents	207 days
Home accidents	74 days
Occupational radiation dose (1 rem/y), from
age 18-65 (47 rem total)	51 days
(Note: the average DOE radiation worker receives less than 0.1 rem/yr)
All natural hazards 
(earthquakes, lightning, flood)	7 days
Medical radiation         	6 days




The estimates in Table 2-2 indicate that the health risks from occupational radiation doses are smaller than the risks associated with normal day-to-day activities that we have grown to accept.

b.	Acceptance of a risk:

1)	is a personal matter.

2)	requires a good deal of informed judgment.

c.	The risks associated with occupational radiation doses are generally considered acceptable as compared to other occupational risks by most scientific groups who have studied them.  There are some scientific groups who claim that the risk is too high.  DOE continues to fund and review worker health studies to address these concerns.

III.	SUMMARY	

In summary, the estimated risk associated with occupation radiation dose is similar to other routine occupational risks and much less than some risks widely accepted in society.  The risk of work in a radiation environment is considered within the normal occupational risk tolerance by national and international scientific groups.  However, acceptance of risk is an individual matter and is best made with accurate information.  A radiological worker should understand the risk of working in a nuclear environment in relation to the risks of daily life and the risks presented by work in other professions.  The intent of this module is to give you the facts about radiation exposure risks and provide you with an opportunity to ask questions about radiation risk.  It is hoped that understanding radiation risk and risk in general will help you to develop an informed and healthy respect for radiation, and that your understanding will eliminate excessive fear of or indifference to radiation.

IV.	EVALUATION	

(Insert facility/site-specific information.)



