Radiation risk in Japan: understanding radiation measurements and putting them in perspective
Posted March 16, 2011, 3:25 pm 

Peter Wehrwein, Editor, Harvard Health Letter 

There hasn’t been much good news about the Fukushima Daiichi nuclear power plant in Japan. Multiple explosions. Fires. Containment buildings breached.

This is a developing story—and it’s not going in the right direction.

When I posted this article, the highest reported radiation reading had been 400 millisieverts an hour. According to the International Atomic Energy Agency’s running account of events at the Fukushima plant, that measurement was taken on the grounds of the plant, between two of the reactors (the timing is vague in the agency’s account but the measurement seems to have been made on Monday). I haven’t seen any reports of radiation levels in the vicinity around the plant, although they’d be lower because radiation gets diluted the farther you are from the source. News reports have mentioned slightly higher-than-normal radiation readings in Tokyo, about 150 miles away, but the level there doesn’t pose a health risk.

Is 400 millisieverts a lot? And what is a millisievert? I’ve linked to good, clear explanations of radiation measurements (including millisieverts) from here and here and here.

You can check them. Or take the short course and read on.

Measuring exposure

Radiation deposits energy in human tissue. Over the years, scientists have measured the interaction between radiation and living tissue in many ways. The sievert (Sv)—the word is pronounced SEE-vert—takes into account the type of radiation emitted (alpha particles, beta particles, gamma rays, etc.) as well how much energy the body absorbs from it. In short, it’s a measure of the biologic effect radiation has on people and the possible harm it can cause.

A millisievert (mSv) is a thousandth of a sievert. You might see some reports about the Fukushima plant that mention microsieverts. A microsievert is a millionth of sievert.

American scientists and regulators sometimes use an older unit that is comparable to sieverts, called a rem. One sievert equals 100 rem and one millisievert equals 100 millirem.

Comparing exposures

So how does radiation escaping from the Japanese power plant compare to other sources of radiation? As you can see from the chart below, the 400 millisievert per hour spike is large relative to other exposures and far above the annual exposure of 50 millisieverts that regulators consider the safe upper limit for people who work at nuclear power plants. According to the World Health Organization, acute radiation sickness (hair loss, burns, skin redness) may develop after whole-body doses above 1,000 millisieverts. We’ll have to wait and see whether future readings go up or down, and how much radiation is spreading beyond the Fukushima nuclear power plant.

This is not a waiting game anyone enjoys playing.

	
	Millisieverts
	Millirems

	Chest x-ray
	0.1
	10

	Two-view mammogram
	0.36
	36

	Average annual background exposure in the U.S.
	3
	300

	Cardiac nuclear stress test
	9.4
	940

	CT scan of the abdomen
	10
	1,000

	Coronary angiogram
	20
	2,000

	Average exposure of evacuees from Belarus after 1986 Chernobyl disaster
	31
	3,100

	Annual dose limit* for nuclear power plant workers
	50
	5,000

	Spike recorded at  Fukushima Daiichi nuclear power plant
	400 per hour
	40,000 per hour

	Acute radiation sickness begins
	1,000 (or 1 sievert)
	100,000


*Set by the U.S. Nuclear Regulatory Commission

Sources: U.S. Environmental Protection Agency, Health Physics Society, U.S. Nuclear Regulatory Commission, International Atomic Energy Agency

What kinds of health effects does exposure to radiation cause?
In general, the amount and duration of radiation exposure affects the severity or type of health effect. There are two broad categories of health effects: stochastic and non-stochastic.

Stochastic Health Effects 

Stochastic effects are associated with long-term, low-level (chronic) exposure to radiation. ("Stochastic" refers to the likelihood that something will happen.) Increased levels of exposure make these health effects more likely to occur, but do not influence the type or severity of the effect.

Cancer is considered by most people the primary health effect from radiation exposure. Simply put, cancer is the uncontrolled growth of cells. Ordinarily, natural processes control the rate at which cells grow and replace themselves. They also control the body's processes for repairing or replacing damaged tissue. Damage occurring at the cellular or molecular level, can disrupt the control processes, permitting the uncontrolled growth of cells--cancer. This is why ionizing radiation's ability to break chemical bonds in atoms and molecules makes it such a potent carcinogen.

Other stochastic effects also occur. Radiation can cause changes in DNA, the "blueprints" that ensure cell repair and replacement produces a perfect copy of the original cell. Changes in DNA are called mutations.

Sometimes the body fails to repair these mutations or even creates mutations during repair. The mutations can be teratogenic or genetic. Teratogenic mutations are caused by exposure of the fetus in the uterus and affect only the individual who was exposed. Genetic mutations are passed on to offspring.

Non-Stochastic Health Effects 

Non-stochastic effects appear in cases of exposure to high levels of radiation, and become more severe as the exposure increases. Short-term, high-level exposure is referred to as 'acute' exposure.

Many non-cancerous health effects of radiation are non-stochastic. Unlike cancer, health effects from 'acute' exposure to radiation usually appear quickly. Acute health effects include burns and radiation sickness. Radiation sickness is also called 'radiation poisoning.' It can cause premature aging or even death. If the dose is fatal, death usually occurs within two months. The symptoms of radiation sickness include: nausea, weakness, hair loss, skin burns or diminished organ function.

Medical patients receiving radiation treatments often experience acute effects, because they are receiving relatively high "bursts" of radiation during treatment.
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Is any amount of radiation safe?
There is no firm basis for setting a "safe" level of exposure above background for stochastic effects. Many sources emit radiation that is well below natural background levels. This makes it extremely difficult to isolate its stochastic effects. In setting limits, EPA makes the conservative (cautious) assumption that any increase in radiation exposure is accompanied by an increased risk of stochastic effects. 

Some scientists assert that low levels of radiation are beneficial to health (this idea is known as hormesis).

However, there do appear to be threshold exposures for the various non-stochastic effects. (Please note that the acute affects in the following table are cumulative. For example, a dose that produces damage to bone marrow will have produced changes in blood chemistry and be accompanied by nausea.)

	Exposure 
(rem) 
	Health Effect
	Time to Onset
(without treatment) 

	5-10
	changes in blood chemistry 
	 

	50  
	nausea
	 hours

	55   
	fatigue
	 

	70
	vomiting
	 

	75
	hair loss
	2-3 weeks

	90
	diarrhea
	 

	100
	hemorrhage
	 

	400
	possible death 
	within 2 months

	1,000
	destruction of intestinal lining
	 

	 
	internal bleeding
	 

	 
	and death 
	1-2 weeks 

	2,000
	damage to central nervous system
	 

	 
	loss of consciousness;
	minutes

	 
	and death 
	hours to days


How do we know radiation causes cancer? 
Basically, we have learned through observation. When people first began working with radioactive materials, scientists didn't understand radioactive decay, and reports of illness were scattered.

As the use of radioactive materials and reports of illness became more frequent, scientists began to notice patterns in the illnesses. People working with radioactive materials and x-rays developed particular types of uncommon medical conditions. For example, scientists recognized as early at 1910 that radiation caused skin cancer. Scientists began to keep track of the health effects, and soon set up careful scientific studies of groups of people who had been exposed.

Among the best known long-term studies are those of Japanese atomic bomb blast survivors, other populations exposed to nuclear testing fallout (for example, natives of the Marshall Islands), and uranium miners.



Aren't children more sensitive to radiation than adults?
Yes, because children are growing more rapidly, there are more cells dividing and a greater opportunity for radiation to disrupt the process. EPA's radiation protection standards take into account the differences in the sensitivity due to age and gender.

Fetuses are also highly sensitive to radiation. The resulting effects depend on which systems are developing at the time of exposure. 



Effects of Radiation Type and Exposure Pathway

Both the type of radiation to which the person is exposed and the pathway by which they are exposed influence health effects. Different types of radiation vary in their ability to damage different kinds of tissue. Radiation and radiation emitters (radionuclides) can expose the whole body (direct exposure) or expose tissues inside the body when inhaled or ingested.

All kinds of ionizing radiation can cause cancer and other health effects. The main difference in the ability of alpha and beta particles and gamma and x-rays to cause health effects is the amount of energy they can deposit in a given space. Their energy determines how far they can penetrate into tissue. It also determines how much energy they are able to transmit directly or indirectly to tissues and the resulting damage.

Although an alpha particle and a gamma ray may have the same amount of energy, inside the body the alpha particle will deposit all of its energy in a very small volume of tissue. The gamma radiation will spread energy over a much larger volume. This occurs because alpha particles have a mass that carries the energy, while gamma rays do not. 



Non-Radiation Health Effects of Radionuclides 
Radioactive elements and compounds behave chemically exactly like their non-radioactive forms. For example, radioactive lead has the same chemical properties as non-radioactive lead. The public health protection question that EPA's scientists must answer is, "How do we best manage all the hazards a pollutant presents?" (See Protecting Against Exposure)



Do chemical properties of radionuclides contribute to radiation health effects?
The chemical properties of a radionuclide can determine where health effects occur. To function properly many organs require certain elements. They cannot distinguish between radioactive and non-radioactive forms of the element and accumulate one as quickly as the other.

· Radioactive iodine concentrates in the thyroid. The thyroid needs iodine to function normally, and cannot tell the difference between stable and radioactive isotopes. As a result, radioactive iodine contributes to thyroid cancer more than other types of cancer.

· Calcium, strontium-90 and radium-226 have similar chemical properties. The result is that strontium and radium in the body tend to collect in calcium rich areas, such as bones and teeth. They contribute to bone cancer.



Estimating Health Effects

What is the cancer risk from radiation? How does it compare to the risk of cancer from other sources?
Each radionuclide represents a somewhat different health risk. However, health physicists currently estimate that overall, if each person in a group of 10,000 people exposed to 1 rem of ionizing radiation, in small doses over a life time, we would expect 5 or 6 more people to die of cancer than would otherwise.

In this group of 10,000 people, we can expect about 2,000 to die of cancer from all non-radiation causes. The accumulated exposure to 1 rem of radiation, would increase that number to about 2005 or 2006.

To give you an idea of the usual rate of exposure, most people receive about 3 tenths of a rem (300 mrem) every year from natural background sources of radiation (mostly radon).

What are the risks of other long-term health effects? 
Other than cancer, the most prominent long-term health effects are teratogenic and genetic mutations.

Teratogenic mutations result from the exposure of fetuses (unborn children) to radiation. They can include smaller head or brain size, poorly formed eyes, abnormally slow growth, and mental retardation. Studies indicate that fetuses are most sensitive between about eight to fifteen  weeks after conception. They remain somewhat less sensitive between six and twenty-five weeks old. 

The relationship between dose and mental retardation is not known exactly. However, scientists estimate that if 1,000 fetuses that were between eight and fifteen weeks old were exposed to one rem, four fetuses would become mentally retarded. If the fetuses were between sixteen and twenty-five weeks old, it is estimated that one of them would be mentally retarded.

Genetic effects are those that can be passed from parent to child. Health physicists estimate that about fifty severe hereditary effects will occur in a group of one million live-born children whose parents were both exposed to one rem. About one hundred twenty severe hereditary effects would occur in all descendants.

In comparison, all other causes of genetic effects result in as many as 100,000 severe hereditary effects in one million live-born children. These genetic effects include those that occur spontaneously ("just happen") as well as those that have non-radioactive causes. 

Radiation Emergencies
Measuring Radiation

When scientists measure radiation, they use different terms depending on whether they are discussing radiation coming from a radioactive source, the radiation dose absorbed by a person, or the risk that a person will suffer health effects (biological risk) from exposure to radiation. This fact sheet explains some of the terminology used to discuss radiation measurement.

Units of Measure

Most scientists in the international community measure radiation using the System Internationale (SI), a uniform system of weights and measures that evolved from the metric system. In the United States, however, the conventional system of measurement is still widely used.

Different units of measure are used depending on what aspect of radiation is being measured. For example, the amount of radiation being given off, or emitted, by a radioactive material is measured using the conventional unit curie (Ci), named for the famed scientist Marie Curie, or the SI unit becquerel (Bq). The radiation dose absorbed by a person (that is, the amount of energy deposited in human tissue by radiation) is measured using the conventional unit rad or the SI unit gray (Gy). The biological risk of exposure to radiation is measured using the conventional unit rem or the SI unit sievert (Sv).

Measuring Emitted Radiation

When the amount of radiation being emitted or given off is discussed, the unit of measure used is the conventional unit Ci or the SI unit Bq. 

A radioactive atom gives off or emits radioactivity because the nucleus has too many particles, too much energy, or too much mass to be stable. The nucleus breaks down, or disintegrates, in an attempt to reach a nonradioactive (stable) state. As the nucleus disintegrates, energy is released in the form of radiation.

The Ci or Bq is used to express the number of disintegrations of radioactive atoms in a radioactive material over a period of time. For example, one Ci is equal to 37 billion (37 X 109) disintegrations per second. The Ci is being replaced by the Bq. Since one Bq is equal to one disintegration per second, one Ci is equal to 37 billion (37 X 109) Bq.

Ci or Bq may be used to refer to the amount of radioactive materials released into the environment. For example, during the Chernobyl power plant accident that took place in the former Soviet Union, an estimated total of 81 million Ci of radioactive cesium (a type of radioactive material) was released.

Measuring Radiation Dose

When a person is exposed to radiation, energy is deposited in the tissues of the body. The amount of energy deposited per unit of weight of human tissue is called the absorbed dose. Absorbed dose is measured using the conventional rad or the SI Gy. 

The rad, which stands for radiation absorbed dose, was the conventional unit of measurement, but it has been replaced by the Gy. One Gy is equal to 100 rad.

Measuring Biological Risk

A person's biological risk (that is, the risk that a person will suffer health effects from an exposure to radiation) is measured using the conventional unit rem or the SI unit Sv. 

To determine a person's biological risk, scientists have assigned a number to each type of ionizing radiation (alpha and beta particles, gamma rays, and x-rays) depending on that type's ability to transfer energy to the cells of the body. This number is known as the Quality Factor (Q). 

When a person is exposed to radiation, scientists can multiply the dose in rad by the quality factor for the type of radiation present and estimate a person's biological risk in rems. Thus, risk in rem = rad X Q.

The rem has been replaced by the Sv. One Sv is equal to 100 rem. 

Abbreviations for Radiation Measurements

When the amounts of radiation being measured are less than 1, prefixes are attached to the unit of measure as a type of shorthand. This is called scientific notation and is used in many scientific fields, not just for measuring radiation. The table below shows the prefixes for radiation measurement and their associated numeric notations.

Prefix Equal to Which is this much Abbreviation Example 
atto- 1 X 10-18.000000000000000001 a aCi 

femto- 1 X 10-15.000000000000001 f fCi 

pico- 1 X 10-12.000000000001 p pCi 

nano- 1 X 10-9 .000000001 n nCi 

micro- 1 X 10-6.000001 m m Ci 

milli- 1 X 10-3.001 m mCi 

centi- 1 x 10-2.01 c cGy 

When the amount to be measured is 1000 (that is, 1 X 103) or higher, prefixes are attached to the unit of measure to shorten very large numbers (also scientific notation). The table below shows the prefixes used in radiation measurement and their associated numeric notations.

Prefix Equal to Which is this much Abbreviation Example 
kilo- 1 X 1031000 k kCi 

mega- 1 X 1061,000,000 M MCi 

giga- 1 X 109100,000,000 G GBq 

tera- 1 X 1012100,000,000,000 T TBq 

peta- 1 X 1015 100,000,000,000,000 P PBq 

exa- 1 x 1018100,000,000,000,000,000 E EBq 

Common Radiation Exposures

People are exposed to radiation daily from different sources, such as naturally occurring radioactive materials in the soil and cosmic rays from outer space (of which we receive more when we fly in an airplane). Some common ways that people are exposed to radiation and the associated doses are shown in the table below.

Source of exposure Dose in rem Dose in sievert (Sv) 
Exposure to cosmic rays during a roundtrip airplane flight from New York to Los Angeles 3 mrem 0.03 mSv 

One dental x-ray 4?15 mrem 0.04?0.15 mSv 

One chest x-ray 10 mrem 0.1 mSv 

One mammogram 70 mrem 0.7 mSv 

One year of exposure to natural radiation (from soil, cosmic rays, etc.) 300 mrem 3 mSv 

What is ionizing radiation? 

Ionizing radiation is radiation that has enough energy to remove electrons from atoms or molecules (groups of atoms) when it passes through or collides with some material. The loss of an electron with its negative charge causes the atom (or molecule) to become positively charged. The loss (or gain) of an electron is called ionization and a charged atom (or molecule) is called an ion.


What are some examples of ionizing radiation? 

Forms of ionizing radiation include:

· Gamma rays 

· X rays 

· Alpha particles 

· Beta particles 

· Neutrons.

X rays refer to a kind of electromagnetic radiation generated when a strong electron beam bombards metal inside a glass tube. The frequency of this radiation is very high - 0.3 to 30 Ehz (exahertz or million gigahertz). By comparison FM radio stations transmit at frequencies around 100 MHz (megahertz) or 0.1 Ghz (gigahertz).

Some compounds like uranium are radioactive and give off radiation when the nucleus breaks down or disintegrates. The three kinds of radiation generated by radioactive materials or sources are alpha particle, beta particles and gamma-rays.


What properties are considered when ionizing radiation is measured? 

Ionizing radiation is measured in terms of:

· the strength or radioactivity of the radiation source, 

· the energy of the radiation, 

· the level of radiation in the environment, and 

· the radiation dose or the amount of radiation energy absorbed by the human body.

From the point of view of the occupational exposure, the radiation dose is the most important measure. Occupational exposure limits like the ACGIH TLVs are given in terms of the permitted maximum dose. The risk of radiation-induced diseases depends on the total radiation dose that a person receives over time.


What units are used for measuring radioactivity? 

Radioactivity or the strength of radioactive source is measured in units of becquerel (Bq).

1 Bq = 1 event of radiation emission per second.

One becquerel is an extremely small amount of radioactivity. Commonly used multiples of the Bq unit are kBq (kilobecquerel), MBq (megabecquerel), and GBq (gigabecquerel).

1 kBq = 1000 Bq, 1 MBq = 1000 kBq, 1 GBq = 1000 MBq.

An old and still popular unit of measuring radioactivity is the curie (Ci).

1 Ci = 37 GBq = 37000 MBq.

One curie is a large amount of radioactivity. Commonly used subunits are mCi (millicurie), µCi (microcurie), nCi (nanocurie), and pCi (picocurie).

1 Ci = 1000 mCi; 1 mCi = 1000 µCi; 1 µCi = 1000 nCi; 1 nCi = 1000 pCi.

Another useful conversion formula is:

1 Bq = 27 pCi.

Becquerel (Bq) or Curie (Ci) is a measure of the rate (not energy) of radiation emission from a source.


What does half-life mean when people talk about radioactivity? 

Radiation intensity from a radioactive source diminishes with time as more and more radioactive atoms decay and become stable atoms. Half-life is the time after which the radiation intensity is reduced by half. This happens because half of the radioactive atoms will have decayed in one half-life period. For example a 50 Bq radioactive source will become a 25 Bq radioactive source after one half-life.

	Table 1
Radioactive Decay

	Number of half-lives elapsed
	Percent radioactivity remaining

	0
	100

	1
	50

	2
	25

	3
	12.55

	4
	6.25

	5
	3.125


Half-lives widely differ from one radioactive material to another and range from a fraction of a second to millions of years.


What units are used for measuring radiation energy? 

The energy of ionizing radiation is measured in electronvolts (eV). One electronvolt is an extremely small amount of energy. Commonly used multiple units are kiloelectron (keV) and megaelectronvolt (MeV).

6,200 billion MeV = 1 joule

1 joule per second = 1 watt

1 keV = 1000 eV, 1 MeV = 1000 keV

Watt is a unit of power, which is the equivalent of energy (or work) per unit time (e.g., minute, hour).


What units are used for measuring radiation exposure? 

X-ray and gamma-ray exposure is often expressed in units of roentgen (R). The roentgen (R) unit refers to the amount of ionization present in the air. One roentgen of gamma- or x-ray exposure produces approximately 1 rad (0.01 gray) tissue dose (see next section for definitions of gray (Gy) and rad units of dose).

Another unit of measuring gamma ray intensity in the air is "air dose or absorbed dose rate in the air" in grays per hour (Gy/h) units. This unit is used to express gamma ray intensity in the air from radioactive materials in the earth and in the atmosphere.


What units are used for measuring radiation dose? 

When ionizing radiation interacts with the human body, it gives its energy to the body tissues. The amount of energy absorbed per unit weight of the organ or tissue is called absorbed dose and is expressed in units of gray (Gy). One gray dose is equivalent to one joule radiation energy absorbed per kilogram of organ or tissue weight. Rad is the old and still used unit of absorbed dose. One gray is equivalent to 100 rads.

1 Gy = 100 rads

Equal doses of all types of ionizing radiation are not equally harmful. Alpha particles produce greater harm than do beta particles, gamma rays and x rays for a given absorbed dose. To account for this difference, radiation dose is expressed as equivalent dose in units of sievert (Sv). The dose in Sv is equal to "absorbed dose" multiplied by a "radiation weighting factor" (WR - see Table 2 below). Prior to 1990, this weighting factor was referred to as Quality Factor (QF).

	Table 2
Recommended Radiation Weighting Factors

	Type and energy range
	Radiation weighting factor, WR

	Gamma rays and x rays
	1

	Beta particles
	1

	Neutrons, energy
< 10 keV
> 10 keV to 100 keV
> 100 keV to 2 MeV
> 2 MeV to 20 MeV
> 20 MeV
	
5
10
20
10
5

	Alpha particles
	20


Equivalent dose is often referred to simply as "dose" in every day use of radiation terminology. The old unit of "dose equivalent" or "dose" was rem.

Dose in Sv = Absorbed Dose in Gy x radiation weighting factor (WR)

Dose in rem = Dose in rad x QF

1 Sv = 100 rem

1 rem = 10 mSv (millisievert = one thousandth of a sievert)

1 Gy air dose equivalent to 0.7 Sv tissue dose (UNSEAR 1988 Report p.57)

1 R (roentgen) exposure is approximately equivalent to 10 mSv tissue dose


What effects do different doses of radiation have on people? 

One sievert is a large dose. The recommended TLV is average annual dose of 0.05 Sv (50 mSv).

The effects of being exposed to large doses of radiation at one time (acute exposure) vary with the dose. Here are some examples:

10 Sv - Risk of death within days or weeks

1 Sv - Risk of cancer later in life (5 in 100)

100 mSv - Risk of cancer later in life (5 in 1000)

50 mSv - TLV for annual dose for radiation workers in any one year

20 mSv - TLV for annual average dose, averaged over five years


What are the limits of exposure to radiation? 

The Threshold Limit Values (TLVs) published by the ACGIH (American Conference of Governmental Industrial Hygienists) are used in many jurisdictions occupational exposure limits or guidelines:

20 mSv - TLV for average annual dose for radiation workers, averaged over five years

1 mSv - Recommended annual dose limit for general public (ICRP - International Commission on Radiological Protection).

What is the relationship between SI units and non-SI units? 

Table 3 shows SI units (International System of Units or Systéme Internationale d'unités), the corresponding non-SI units, their symbols, and the conversion factors.

	Table 3
Units of Radioactivity and Radiation Dose

	Quantity
	SI unit and symbol
	Non-SI unit
	Conversion factor

	Radioactivity
	becquerel, Bq
	curie, Ci
	1 Ci = 3.7 x 1010 Bq
= 37 Gigabecquerels (GBq)
1 Bq = 27 picocurie (pCi)

	Absorbed dose
	gray, Gy
	rad
	1 rad = 0.01 Gy

	"Dose"
(Equivalent dose)
	sievert, Sv
	rem
	1 rem = 0.01 Sv
1 rem = 10 mSv



What is a "committed dose"? 

When a radioactive material is gets in the body by inhalation or ingestion, the radiation dose constantly accumulates in an organ or a tissue. The total dose accumulated during the 50 years following the intake is called the committed dose. The quantity of committed dose depends on the amount of ingested radioactive material and the time it stays inside the body.


What is an "effective dose"? 

The effective dose is the sum of weighted equivalent doses in all the organs and tissues of the body.

Effective dose = sum of [organ doses x tissue weighting factor]

Tissue weighting factors (Table 4) represent relative sensitivity of organs for developing cancer.

	Table 4
Tissue Weighting Factors for Individual Tissues and Organs

	Tissue or Organ
	Tissue Weighting Factor
(WT)

	Gonads (testes or ovaries)
	0.20

	Red bone marrow
	0.12

	Colon
	0.12

	Lung
	0.12

	Stomach
	0.12

	Bladder
	0.05

	Breast
	0.05

	Liver
	0.05

	Oesophagus
	0.05

	Thyroid gland
	0.05

	Skin
	0.01

	Bone surfaces
	0.01

	Remainder**
	0.05

	Whole body
	1.00


** The remainder is composed of the following additional tissues and organs: adrenal, brain, upper large intestine, small intestine, kidney, muscle, pancreas, spleen, thymus and uterus.


What are "working level" and "working level month"? 

In underground uranium mines, as well in some other mines, radiation exposure occurs mainly due to airborne radon gas and its solid short-lived decay products, called radon daughters or radon progeny. Radon daughters enter the body with the inhaled air. The alpha particle dose to the lungs depends on the concentration of radon gas and radon daughters in the air.

The concentration of radon gas is measured in units of picocuries per litre (pCi/L) or becquerels per cubic metre (Bq/m3) of ambient air. The concentration of radon daughters is measured in working level (WL) units this is a measure of the concentration of potential alpha particles per litre of air.

The worker's exposure to radon daughters is expressed in units of Working Level Months (WLM). One WLM is equivalent to 1 WL exposure for 170 hours.

1 WL = 130,000 MeV alpha energy per litre air

          = 20.8 µJ (microjoules) alpha energy per cubic meter (m3) air

WLM = Working Level Month

         = 1 WL exposure for 170 hours

Often people use the concentration of radon gas (pCi/L) in the air to estimate the WL level of radon daughters. Such estimates are subject to error because the ratio of radon to its decay products (radon daughters) is not constant.

Equilibrium factor is ratio of the activity of all the short-lived radon daughters to the activity of the parent radon gas. Equilibrium factor is 1 when both are equal. Radon daughter activities are usually less than the radon activity and hence the equilibrium factor is usually less than 1.

Conversion of radon exposure units (equilibrium factor = 0.40)

	1 WLM = 3.54 mJ-h/m3 

1 MBq-h/m3 = 2.22 mJ-h/m3
1 MBq-h/m3 = 0.628 WLM

Annual exposure from measured radon concentration
(A) At home : assuming 7,000 hours spent indoors per year 
1 Bq/m3 = 0.0156 mJ-h/m3
1 Bq/m3 = 0.0044 WLM

1 WLM = 4 mSv

1 mJ-h/m3 = 1.1 mSv

(B) At work : assuming 2,000 hours work per year 
1 Bq/m3 = 0.00445 mJ-h/m3 = 0.00126 WLM

1 mJ-h/m3 = 1.4 mSv

1 WLM = 5 mSv


Source: ICRP Publication 65, Protection Against Radon at Home and at Work
mJ-h/m3 = millijoule hours/per cubic metre

MBq-h/m3 = megabecquerel hours per cubic meter

Joule is unit of energy

1 J = 1 Watt-second = Energy delivered in one second by a 1 Watt power source

1 calorie = 4.2 J

MBq/m3 = megabecquerel per cubic metre

WLM = Working Level Months

[image: image1]
