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ABSTRACT

The development of the radon chamber was initiated so that the provincial

Radiation Safety Unit would have the ability to calibrate the radon and radon

progeny monitoring equipment used by the provincial mines inspectors. The

integrating radon dosimeters used for monitoring radon levels in buildings and in

the environment are also calibrated in the chamber.

The main chamber is 36" in length, 30" in depth and is 30" high. A 16.5" x

16" x 16" transfer chamber is attached to the side of the main chamber. This side

chamber acts as an interlock so that the instruments to be calibrated can be

transferred into the main chamber without high levels of radon entering the

laboratory.

The radon chamber is calibrated relative to the radon calibration facility at the

Mining Research Laboratories operated by the Mineral and Energy Technology

Branch of Energy, Mines and Resources Canada in Elliot Lake, Ontario.
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1. BACKGROUND

1.1 History

In September of 1789, Martin Klaproth presented a paper to the Royal

Prussian Academy of Science that outlined his attempt to isolate a new element

that he had named "uranit" (Kupsch 1978). The newly discovered metal had been

extracted from the pitchblende specimens that Klaproth had obtained from the

George Wagsfort Mine located in Johanngeorgenstadt (figure 1.1). While

pitchblende had been mentioned in the writings of Johannes Kentmann prior to

1565, it was its discovery in Saxony and Bohemia In the early 18th century that

made Klaproth's work possible.

Prior to Klaproth's discovery, pitchblende was mined for the extraction of the

lead, iron, copper, silver, tungsten, or zinc that it was believed to contain.

Pitchblende had been located in Joachimsthal (figure 1.1) in 1727 but mining for

the mineral increased in 1790, after Klaproth's discovery. Klaproth's investigation

into the chemical properties of uranium influenced the glass and porcelain

manufacturers in the Erzgebirge Region to use uranium oxide as a colouring agent

for their products. The demand for uranium oxide increased when Adolf Patera

(Strnad 1988) opened the Imperial and Royal Uranium-colour Factory in

Joachimsthal in 1855. This increased demand prompted the development of a

mine with a primary objective of extracting uranium. The first uranium mine was

opened in Joachimsthal, now known as Jachimov, also in 1855.
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The increased availability of uranium permitted more analytical studies into

it physical and chemical properties. Alexandre Becquerel, a Professor of Physics

at the Musee d'Histoire Naturelle in Paris, was studying the phosphorescence of

chemical compounds, including those of uranium. One of the results that came

from this work was the development of a uranium salt, potassium-uranyl sulphate.

After the discovery of x-rays by Wilhelm Roentgen, research to determine if

the luminescent material could produce rays with similar penetrating properties was

conducted. Henri Becquerel, Alexandre's son, would expose the potassium-uranyl

sulphate to sunlight and then would attempt to use the luminescent rays resulting

from the exposure to produce an image on a photographic plate through opaque

paper. During the experiment, a photographic plate that had been in close

proximity to potassium-uranyl sulphate was processed without being exposed to

luminescent rays. The plate was darkened where the uranium salts had been in

contact with it. Becquerel realized that the film fogging resulted from penetrating

rays being emitted by the potassium-uranyl sulphate and not from any

luminescence or phosphorescence emitted by the compound.

The study of the penetrating rays was continued by Marie and Pierre Curie.

The fact that the emissions from pitchblende were four times more intense than

the emissions from the uranium extracted from the same pitchblende sample led

the Curies to conclude that the sample must contain additional sources of

radiation. Pierre Curie realized that the concentration of these other sources would

be considerably higher in the uranium-depleted residue that was left after the

refining of pitchblende. Because of this, he ordered tailings from the processing



mills in Joachimsthal. The chemical separation of this material resulted in the

discovery of two new elements, polonium and radium.

Marie and Pierre Curie shared the Nobel Prize for Physics in 1903 with Henri

Becquerel for their radiation research. Marie Curie was also presented with the

Nobel Prize for Chemistry in 1911 for her discovery of polonium and radium and

the isolation of pure radium.

1.2 Radon

Radon, as it is now known, was discovered in 1900 by Fredriech Dern. He

called it "radium emanation". In 1908, Gray and Ramsay isolated the element and

determined that it is the heaviest known gas. They named the element "niton".

In 1923 the name "radon" was given to the inert gas. The isotope of radon, 222Rn,

is the link between Madame Curie's radium and polonium. Radium-226 undergoes

alpha decay to become radon-222. Similarly, the radon decays by emitting an

alpha particle to become poloniurn-z ts. Additional experiments determined that

222Rn is an intermediate step in the decay of uranium-238 to lead-206

(Appendix A).

Radon is both colourless and odourless and is highly soluble in water. Being

an inert gas, radon does not readily react chemically with other material so it is

capable of migrating from the location where it is created by either diffusion or in

solution in water. It is this mobility that makes radon a potential health risk in

uranium mining and elsewhere.

When the term "radon" is used, it usually refers to 222Rn, however, there are
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thirty-one known isotopes of radon. Only three of these isotopes are in main

decay sequences of long-lived naturally occurring radioactive elements. These

isotopes are 219Rn, 22°Rn and 222Rn. As mentioned earlier, 222Rn is in the decay

series of 238U. Radon-220, also known as thoron, is in the decay series of thorium-

232 (Appendix B) and radon-219 is a daughter of uraniu_m-235. Since less than

one percent of naturally occurring uranium is the 235U isotope, the amount of 219Rn

is negligible. In mining, the two major isotopes of radon encountered are 220Rn

and 222Rn. Fortunately, in Saskatchewan mines thorium levels are very low,

therefore, 220Rn concentrations are negligible.

In the decay chains of these radon isotopes there are a series of short-lived

progeny. It is the short-lived alpha-emitting progeny of radon that is the major

potential health risk to the workers, not the radon itself. The radon is expelled

from the lungs but the short-lived products stick to the epithelial lining. That is to

say, the lungs act as filters for the short-lived progeny of radon.

In order to measure the rate at which radioactive material disintegrated, a

unit or standard of measurement had to be developed. The unit of the curie (Ci)

was proposed for measuring the rate of radioactive decay. It was initially defined

to be equal to the decay rate of one gram of radium. Because of difficulties in

experimentally measuring the decay of radium, the curie was redefined in 1953 by

the International Commission on Radiological Units to be equal to 3.7 x 101o

disintegrations per second. Systsme International d'Unites (SI) has since adopted

the becquerel (Bq), which is equal to one disintegration per second, as the unit for

the rate of decay (1 Bq = 27 pCi). The concentration of radon is typically

----'
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measured in picocuries per litre of air (pC ilL) in the United States and in

becquerels per cubic metre of air (Bqlm3) in countries, like Canada, that have

adopted SI units (1 pCi/L = 37 Bq/m3).

Because the health risk is associated with the exposure to the decay

products of radon, a unit to measure the concentration of the alpha-emitting radon

daughters was created and is called the working level (WL). The WL was initially

defined in terms of the total alpha energy that would be released by the short-lived

radon daughters that are in secular equilibrium with 100 pCi of 222Rn. The

concentration of the decay products and the derivation of the WL is shown i'-I

Appendix C.

Since equilibrium between radon and its progeny is never achieved in a

working mine, the WL was redefined to be any combination of short-lived radon

daughters that will result in the emission of 1.3 x 105 MeV of alpha energy during

their decay to lead-210.

The exposure to radon's short-lived daughters is determined by multiplying

the daughter concentration in working levels by the exposure time in hours. The

unit of exposure is the working level hour (WLH). The working month is defined

to have a duration of 170 working hours. By dividing the WLH exposure by 170,

the exposure is expressed in working level months (WLM). In Saskatchewan

mines, the maximum allowable annual exposure to radon progeny is currently

4WLM.
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1.3 Uranium Mining in Canada

The first report of the discovery of uranium in Canada occurred in 1847 when

Dr. J.L. Le Conte wrote that pitchblende specimens had been collected along the

north shore of Lake Superior near Mamainse (figure 1.2). Attempts were made to

relocate this uranium discovery but it was not until 1949 that Robert Campbell

achieved this goal.

The discovery of the pitchblende that led to the first uranium mine in Canada

was made by Gilbert LaBine in the spring of 1930 on the eastern shore of

McTavlsh Arm of Great Beat Lake, N.W.T. Mining began in i 933 and the miii

became operational in early 1934. As the mine expanded, the town of "Great

Bear" was developed to service the mine. This name was changed in 1933 to

"Cameron's Point" and later to "Cameron Point". In 1937, the town moved to a

new location closer to the mine and was renamed after the mine as "Port Radium".

At this time, the financial reward for mining the pitchblende came from the

extraction of radium. This element and its daughter, radon, were being used for

radiation cancer therapy. Small amounts of uranium oxide were shipped to the

glass colouring factories in Europe. The market for the radium and uranium oxides

shrank with the onset of World War II. By July, 1940 enough radium and uranium

salts had been stockpiled that the Port Radium mine was no longer a viable

operation. The mine was closed and allowed to flood.

In early 1942, LaBine was asked to reopen the mine by the Honourable

Clarence Decatur Howe, the Minister in charge of the Department of Munitions.

The goal for the mine was to shift from the production of radium to the extraction
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of uranium. About a year after reopening, the mine was shipping uranium to the

refinery in Port Hope, Ontario. Here the uranium was refined and shipped to the

United States for use in the atomic research program.

The national security needed during the World War II prompted the federal

government to pass an Order in Council in September, 1943 which allowed the

Crown to retain ownership of any new discoveries of radioactive material in the

North West Territories. In January of 1944, laBine's company, Eldorado Mining

and Refining Limited, was expropriated and became the crown corporation

Eldorado Mining and Refining (1944). Since uranium had been located on the

north shore of Lake Athabasca during the summer of 1935, similar legislation was

passed by the Provincial Legislature of Saskatchewan. The restrictive regulations

passed in 1943 made it impossible for private companies to stake or file claims for

possible uranium deposits.

In 1946 the Canadian Parliament enacted legislation that created the Atomic

Energy Control Board (AECB). The AECB was empowered by the Atomic Energy

Control Act to take responsibility for all matters related to the nuclear fuel cycle.

After the war, the need for security had decreased to the point where, in 1947, the

Board recommended that the restrictions on prospecting and mining of uranium be

relaxed and that the private sector be allowed to compete with the crown company.

Analysis of samples that had been gathered around the mining town of

Goldfields on the north shore of Lake Athabasca and a possible uranium find close

to Goldfields at Fish Hook Bay led to the prospecting for uranium and the staking

of claims in northern Saskatchewan by Eldorado Mining and Refining. During the
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1946 exploration season a large pitchblende deposit was located at Ace Lake.

Over the next four years tests were done on the Ace claim to determine if it would

be economically viable to mine. During the winter of 1948-49, the buildings were

moved from the Fish Hook Bay camp to the new encampment at Beaverlodge

Lake. By 1950, the decision to mine the Ace Lake deposit was made and plans

for the mining operation were developed.

During the summer of 1952; two prospectors, working for Gilbert LaBine,

detected radiation being emitted by boulders in the Gunnar Swamp. The claim

was staked and the area was drilled to determine trie extent oi the orsbody. The

mine that developed from this find would derive its name from the swamp where

the uranium was discovered and was called the Gunnar Mine.

Also during the summer of 1952, the Province of Saskatchewan surveyed the

location of a new town on the north shore of Martin Lake. This town was given the

name "Uranium City" by the Deputy Minister of Natural Resources, C.A.L. Hogg.

The buildings located at Goldfields were hauled to Uranium City during the winter

of 1952-53 and the community of Goldfields ceased to exist. At its peak, Uranium

City had a population of approximately 5,500.

The relaxation of the prospecting and mining regulations by the AECB,

followed by the Gunnar strike and the development of Uranium City, kindled a

staking rush in northern Saskatchewan. This resulted in the province leading in

uranium production in Canada. Not all exploration for uranium was done in

Saskatchewan. As mentioned earlier, Benjamin Stannard's uranium discovery in

the mid-nineteenth century, north of Lake Superior, was relocated in 1949 by
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Robert Campbell. During his search, Campbell had also located other deposits of

low-grade ore in the Mamainse area (figure 1.2).

In 1952, Frank Joubin staked a claim in the Blind River District on the north

shore of Lake Huron. The Pronto Mine that resulted from this find, came into

production in 1955. By 1957, the uranium production in the Blind River area

surpassed the production of northern Saskatchewan.

Low-grade ore discoveries were also made north-east of Blind River at Elliot

Lake. By the mid-1970s, mines in this region were producing 85% of Canada's

uranium with the Beaverlodge and Gunnar Mines producing the remaining 15%.

Although the bulk of the mining and milling of uranium had shifted to Eastern

Canada, exploration of Northern Saskatchewan for new ore deposits had

continued. The first major discovery was made at Rabbit Lake by Gulf Mineral

Resources Company in 1968 (figure 1.3). This discovery was followed by

subsequent finds in 1975 at Cluff Lake and Key Lake.

Open pit mining of the Rabbit Lake orebody began in 1975 and was

completed in 1984. After the initial ore deposit had been mined out, reserves at

Collins Bay were trucked to the Rabbit Lake mill for processing. This deposit was

depleted in February of 1991. Also in 1991, the developmental work for a test

mine at nearby Eagle Point commenced.

The Cluff Lake Mine began operations in 1980. The mining of the D orebody

was completed by 1981 and the Claude orebody was exhausted in 1989. The

Dominique-Peter and Dominique-Janine orebodies are presently being mined.
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Further discoveries were made around the outer edge of the Athabasca

sandstone basin that have prompted the development of test mines to ascertain

the feasibility of mining these deposits. The operating and potential Saskatchewan

uranium mines are outlined in Table 1.1 (Uranium Saskatchewan 1992).

Table 1.1 High-grade uranium mine developments in Saskatchewan.

Project Year of Annual Milling Anticipated Date Reserves

Discovery Capacity of Production (Tonnes of U)
(Tonnes of U)

Rabbit Lake 1968 4,600 Since 1975 62,000

Key Lake 1975 4,600 Since 1983 37,000

Cluff Lake 1975 1,500 Since 1980 16,000

Midwest Joint 1978 1,400 1994 14,000
Venture

McClean Lake 1979 1,540 1995 17,000

Cigar Lake 1981 Not determined Not determined 148,000

McArthur River 1988 Not determined Not determined 100,000

The development of the three high-grade uranium deposits resulted in the

shift of the majority of uranium production in Canada from the Elliot Lake area

back to Northern Saskatchewan.



2. NEED FOR A CALIBRATION FACILITY

2.1 Health

In 1527, a young physician named Georgius Agricola established his medical

practice in the town of Joachimsthal, a small mining community in Czechoslovakia.

In the sixteenth century, the predominant metal being mined in the Joachimstahl

region was silver. During the time that Agricola tended to the health of the miners,

he also observed and documented the health effects that resulted from their

labours. Agricola's clinical observations may have the first to detect the effects of

excessive exposure to radon and radon progeny (Murray 1984). One of the

world's first uranium mines was the same silver mine where Georgius Agricola had

observed the occupational health hazards over two hundred years earlier.

During the Second World War, the potential military uses of fission were

explored, culminating with the development of the 235U and 239pU atomic bombs

that were dropped on Hiroshima and Nagasaki, respectively. The post-war period

saw the same concepts applied to the more benign areas of nuclear development.

Both the civilian and military programs required the nuclear fuel, uranium. This

need made the mining for uranium a profitable proposition that resulted in a

dramatic increase in the level of prospecting for potential ore bodies.

With the increase in number of uranium mines, the number of miners being

exposed to radon and radon daughters increased correspondingly. This increase

enabled the epidemiological studies on the exposed population to show a

14
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statistically significant link between radon daughter exposure and increased

incidence of lung cancer.

The exposure to radon daughters is not limited to just uranium miners.

Studies of the radon levels in the fluorspar mines in Newfoundland, the gold mines

of Ontario, the tin mines of China, and Swedish metal mines have been conducted.

In all cases, there have been measurable occupational exposure to the miners.

Radon, being an inert gas, does not readily bind to other materials. Because

of this, exposure to radon is not a major health risk. Rather, the increased risk of

developing lung cancer has been attributed to the damage caused to the bronchtal

epithelium by the alpha emitting short-lived daughters of radon e22Rn),

polonium-218 and polonium-214, and the short-lived daughters of thoron e2°Rn),

polonium-216 and polonium-212.

The short-lived radon progeny are chemically reactive and will attach to the

aerosol particles in the mine atmosphere. The percentage of the daughters that

are attached to the dust particles is referred to as the attached fraction while those

that do not bond with the aerosols is called the unattached fraction.

Prior to the implementation of the commuting procedures on a week-in/week

out rotation that is being used currently by the mining companies, the development

of a uranium mine invariably meant the development of a town in close

proximity; Uranium City, Saskatchewan and Elliot Lake, Ontario are examples of

this type of community. After studies began to indicate a link between the decay

products of radon and lung cancer, concerns for the health of the people living in

the mining communities developed. In Uranium City, for example, the mine tailings
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were used extensively as backfill around the foundations of the buildings

constructed in the town. Extensive remedial work was required to reduce the high

radon levels that resulted from this construction method.

The concern for radon exposure expanded from the mining communities to

all locations when excessively high radon levels were found in a home in the

Reading Prong area of Pennsylvania. The discovery was made in December,

1984 when Stanley Watras, a worker at the Limerick nuclear plant, would set off

the contamination alarms when entering the plant at the beginning of the shift. It

was determined that the alarms were being activated by the radon daughters that

had plated out onto Mr. Watras's clothes while at home! The radon daughter level

in the living room of the Watras home was measured to be 16 WL (Smay 1985).

This is 150 times Health and Welfare Canada's recommended action level. The

discovery of a home in an non-mining community with excessively high radon

concentrations led to the study of the radon levels in homes in many other areas

(Nero et al. 1986, Cohen and Gromicko 1989, Cohen and Shah 1991).

A number of attempts have been made to derive the health risk associated

with the exposure to radon and radon progeny (ICRP 1987, UNSCEAR 1988).

The BEIR IV report (NRC 1988) used the studies done on the Elliot Lake, Ontario

uranium miners (Muller et a1. 1983); the Beaverlodge and Eldorado uranium miners

in Saskatchewan (Howe et al. 1986); the Swedish metal miners (Radford and

Renard 1984); and the Colorado Plateau uranium miners (Hornung and Meinhardt

1987) to derive a risk estimate based on epidemiological data. Lung modelling

and dosimetry have also been used to establish risk estimate for exposure to
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radon progeny (James et aJ. 1980, James 1988). The risk estimates determined

by the different scientific studies are outlined in Table 2.1.

Table 2.1 Estimates of lifetime risk of lung cancer mortality from lifetime exposure
to Rn progeny (Fabrikant 1990).

Study Year

Excess lifetime lung
cancer mortality

(death/to" persons-WLM)

BEIR IV
ICRP

1988
1987
1990

1986, 1988
1989
1983
1980
1988

350
170-230

360
115-400

360
130
730

150-450

EPA

NCRP
BEIR III
UNSCEAR

Although these reports deal with the exposure received by miners, an attempt

has been made to predict the risk of developing cancer from exposure to radon in

a home environment. Using the BEIR IV model (Lubin and Boice 1989) it has

been estimated that 13,300 lung cancers are induced annually among the

residents of single-family dwelling in the United States. This is approximately 10%

of the all U.S. lung cancer deaths. The use of exposure data from mines to

calculate the lung cancer incidence in homes does, however, make the accuracy

of the estimate questionable.

In addition to lung cancer, the possible link between the exposure to radon

in the home and the development of myeloid leukaemia, kidney cancer,
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melanomas, and certain childhood cancers is being investigated (Henshaw et al.

1990).

2.2 Jurisdiction

The health affects associated with the exposure to radon progeny imply that

there is a need for regulations to minimize the risk. In Canada the first question

that requires answering is, "Which level of government has the jurisdiction to enact

this legislation?"

Ownership and control of resources was granted to the provinces under the

provisions of the British North America Act of 1867, however, clause 92-10 (c) of

the British North America Act allows the federal government to assume regulatory

authority over a local work and undertaking that is considered to be for the general

advantage of Canada. This clause of the B.N.A. Act was invoked when the Atomic

Energy Control Act was passed by Parliament in 1946.

The health risk associated with the mining of high grade uranium deposits

was one of the major factors that prompted the Government of Saskatchewan to

set up a public inquiry into the development of the Cluff Lake mine and milling

operation by Amok Ltd. in 1977. The scope of the inquiry was extended to include

the future expansion of the uranium industry in Saskatchewan. Mr. Justice E.D.

Bayda of the Saskatchewan Court of Appeal was appointed chairman of The Cluff

Lake Board of Inquiry. The report of this commission was very influential in

establishing the regulatory process for the Saskatchewan uranium industry.

The constitutional right of the province to legislate in matters of health are
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pointed out in Chapter IV of the Final Report of the Cluff Lake Board of Inquiry

(Bayda et al. 1978) entitled HEALTH AND SAFETY OF THE WORKERS. Even

though the province's right to legislate in this area was acknowledged, the question

of jurisdictional authority was left unanswered. This was indicated in

paragraph 4.106 of the final report.

4.106 On a constitutional note, the Act (the Saskatchewan

Occupational Health and Safety Act. 1977) is an invocation of the

province's right under the British North America Act to legislate in

respect of health and is thus within the jurisdiction of the province
of Saskatchewan. There is a strong argument to be made that
the Act is applicable to future workers at the proposed Cluff Lake
mine and mill and to their employer, Amok, as well as to all other
future uranium mine and mill workers in the province and their

respective employers despite the declaration by the Parliament of
Canada that works and undertakings for the production of

"prescribed substances" (which works likely include uranium mines
and mills) are works for the general advantage of Canada. The

question, however of whether the Act does or does not apply to

uranium miners and their employers is not free of doubt.

Paragraphs 4.111 and 4.120 of the Final Report of the Cluff Lake Board of

Inquiry state that the provincial officials should continue to ensure compliance with

provincial regulations until ordered to stop by a person or body with the authority

to issue such an order.

4.111 The provisions of the Canada Labour Code respecting
the health, safety and welfare of the worker at work are in many
respects similar and some instances identical to the Occupational
Health and Safety Act of Saskatchewan. But, we do not find them

nearly as elaborate or comprehensive or as likely to protect the
worker as those contained in the Saskatchewan statute.

Moreover, some evidence that we heard was to the effect that the

federal officials have not in the past actively enforced the

provisions of the Canada Labour Code in respect of uranium

mines but by virtue of an agreement between the federal and

provincia' authorities the latter assumed responsibility for the

safety of mines and the health of the workers. To reinforce this

arrangement all federal exploration and mining licenses have been



20

granted on the condition that the operator will comply with the

provincial laws. We are not sure of the present status of that
agreement or of its efficacy. We have been told that the federal
authorities may now be desirous of asserting their authority under
the Canada Labour Code in respect of uranium mines and mills.
There may as a result develop an area of disagreement as to who
should be performing some of the crucial responsibilities. The
most reasonable course to follow is for the two authorities to

engage in negotiations until an agreement is worked out between
them. We deal with this issue in more detail in Chapter VI.
Should, however, a situation come about where an agreement
does not materialize but a doubt develops in the minds of
provincial officials as to their responsibilities, we recommend that
the doubt on the part of the provincial officials not deter the
provincial authorities from simply taking the position that they must
enforce the law of the province in the manner the Act and
regulations so clearly direct, unless some person or body having
the authority to do so, asks them to desist.

4.120 The possibility of a conflict between the federal and

provincial jurisdiction in the matter of enforcing radiations
standards arises in much same way as in the case of enforcing
standards for occupational health and safety generally (see
paragraphs 4.106 and 4.111 above). Again, we urge that all
reasonable measures be taken by both federal and provincial
authorities to arrive at an agreement, preferably a federal

provincial accord as mentioned in Chapter VI. If such an

agreement does not materialize we recommend that the provincial
authorities proceed to enforce the provisions of the provincial
regulations irrespective of the decision of the federal authorities to
and that they continue to do so until some person or body having
the legal power to do so requires them to desist.

In Chapter VI of the report, NATIONAL AND PROVINCIAL CONTROL

ARRANGEMENT, the possible jurisdictional overlaps between the federal and

provincial regulatory agencies are discussed. Provincial involvement in the

monitoring of the uranium industry includes the departments of Mineral Resources;

Environment; Labour; and Northern Saskatchewan. In addition to the Atomic

Energy Control Board, the federal departments of Health and Welfare; Energy,

Mines and Resources; Fisheries and the Environment; Industry, Trade and
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Commerce; External Affairs; and Transport are all involved in overseeing the

mining aspect of the nuclear fuel cycle. The potential for jurisdictional conflict

between the two levels of government exists.

In the final chapter of the Bayda Commission report, the major conclusions

and recommendations of the inquiry are presented. The enforcement of provincial

regulations is reiterated.

12.8 With respect to the enforcement at the proposed Cluff
Lake mine and other future uranium mines we recommend that:

11. Unless an agreement exists between the federal
authorities and the provincial authorities whereby
certain functions ordinarily the responsibilities of the
provincial authorities are agreed to be performed by
federal officials, the provincial authorities should
proceed to enforce the proposes Mines Regulations
notwithstanding the right of the federal authorities to
enforce similar provisions.

Subsection 454.12(7) of the proposed Mines Regulations mentioned in the

preceding recommendation introduced a summing formula that was to be used if

a worker were exposed to different forms of radiation.

454.12(7) Where a worker is exposed to two or more

significant and different forms of radiation the total

exposure shall be such that,
�1_ + � .. � does not exceed 1

P1 P2 Px
Where E1, E2 .. Ex are the actual exposures of
each form of ionizing radiation and P1, P2 .. Px are

the maximum permissible doses of that form of
radiation.

The maximum annual exposure limits that were used in this fOrmula have been

50 millisieverts (mSv) for gamma radiation and 4 WLM for 222Rn daughter

exposure. The AECB is adopting a similar summing formula in forthcoming
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amendments to the Atomic Energy Control Regulations. The Board will use the

annual gamma exposure limit of 50 mSv as recommended in Publication 26 of the

International Commission on Radiological Protection (ICRP 1977). The

denominator of the radon term will be 4.7 WLM. An additional term that will

account for the exposure from long-lived radioactive dust is also being considered.

The Radiation Health and Safety Regulations, currently being considered by

the Saskatchewan Legislature, will use the recommendations published in ICRP 47

(ICRP 1985) and ICRP 60 (ICRP 1991) for the annual exposure limits for 222Rn,

220Rn, and gamma exposure. These limits are 4.8 WLM, 14 WLM, and 50 mS'.1

respectively. In addition, ICRP 60 recommends that the five year average of

gamma exposure should not exceed 20 mSv per year. This provision has been

incorporated into the new regulations as well.

The Atomic Energy Control Board has proposed that an annual exposure

limit of 20 mSv be adopted rather than the 50 mSv/y and five year average of

20 mSv/y limit as recommended in ICRP 60. The discrepancy between provincial

and federal limits will further increase jurisdictional conflict.

2.3 Radon Monitoring

In order to insure that compliance with provincial regulations is achieved, it

is necessary that the monitoring equipment used by the mines inspectors be

properly calibrated. The need for accurate instruments was pointed out in the

conclusion of the Final Report of the Cluff Lake Board of Inquiry.

12.4.15 The radiation monitoring equipment and the

monitoring procedures to be used should provide
adequate information on exposure levels.
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The radon calibration system was developed in the provincial radiation

laboratory so that the monitoring instruments would conform to this requirement.

As mentioned in section 2.1, the public is becoming more aware of the

potential health risk from the exposure to radon and short-lived radon progeny.

This heightened awareness has increased the need to be able to perform

large-scale radon monitoring procedures. The radon chamber provides the

capability of calibrating the dosimeters required for such programs.



3. DEVELOPMENT OF THE RADON CHAMBER

3.1 Design

Prior to the development of the Saskatchewan Radiation Safety Unit's (RSU)

radon calibration facility, it was considered imperative that visits should be made

to other laboratories that maintain radon chambers. These visits would provide the

opportunity to obtain useful suggestions for the development of our chamber.

Dr. Denis Brown, head of the RSU, visited the Mining Research Laboratories

operated by the Mineral and Energy Technology Branch of Energy, Mines and

Resources Canada (CAN MET) in Elliot Lake, Ontario. The physical size and

developmental costs of the radon calibration room at that lab made it an

impractical model for the calibration chamber to be constructed in the RSU's

Radiation Laboratory.

Pylon Electronic Development Company Ltd. of Ottawa is a manufacturer of

radon monitoring equipment and calibrated radon sources. Their radon chamber

was scrutinized and it was and felt that a similar chamber would suit the new RSU

laboratory in Regina. Budget constraints, however, also made this type of

chamber unrealistic.

The radon calibration chamber in the laboratory operated by the Atomic

Energy Control Board's Compliance Services and Laboratories Division was

examined closely by both Dr. Brown and myself. Since one of the major reasons

for the development of our chamber was the calibration of the provincial mines

24
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inspectors' monitoring instruments, it was felt that, in addition to ideas that had

been garnered from the visits to other facilities, it would be advantageous to

incorporate some of the features used in the AECB's radon chamber into the

design of our own system.

Before development could begin, it was necessary to .establish the design

criteria for the radon calibration facility. One criterion would require that the radon

levels within the chamber be maintained at a uniform level over a wide range of

concentrations. The radon levels that the instruments calibrated in the chamber

would monitor could vary from ambient outdoor levels of ��20 Bq/m3 to excessive

indoor levels of over 5000 Bq/m".

It would be necessary to have the capability of generating aerosol particles

in the chamber so that the short-lived radon daughters could be captured on a

filter. A method of accurately monitoring the radon and radon progeny levels in

the chamber would be a necessity.

An additional requirement would be the ability to maintain the relative

humidity within the chamber at levels considerably different from the humidity in

the laboratory. This feature would be needed during the calibration of activated

charcoal dosimeters which were being considered for use in possible radon

monitoring programs.

A safety criterion was established to ensure that the radon levels in the

laboratory itself would be kept to a minimum. This would require that the chamber

gas would be exhausted to outside, and in the event of a problem, that the radon

could be vented quickly.
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Once the system criteria were established, the circuits that would be required

to achieve these objectives were formulated, the cabinet was designed (figure 3.1)

and the material specifications were drawn up.

An equipment requisition for the chamber was prepared with the

recommendation that the 'lowest bid' requirement be secondary and that

preference should be given to the submission that came closest to meeting our

chamber design and specifications. As it turned out the successful bid, submitted

by Canus Plastics Ltd. of Ottawa, was for the chamber that best suited our

requirements as well as being the lowest tendered price.

As is shown in figure 3.1, the radon calibration system is comprised of the

main chamber 36" x 30" x 30". The sides and bottom of the chamber are sealed

together. The sides of the chamber are constructed with 3/8" lucite while the top

and bottom of the chamber are 1/2" thick. An opening (30" x 24") was left in the

top of the chamber to allow for the passage of large monitoring equipment. This

opening also simplified the assembly of the circuit components contained within the

chamber. A rubber gasket ensures that, when the top of the chamber is screwed

onto the main chamber, there is no leakage of radon into the laboratory.

To allow access to the equipment being calibrated, two pairs of glove ports

were cut into the front and side of the main chamber. Neoprene gloves are

mounted on the port to confine the radon within the chamber. These gloves are

arm length which allows complete access to the inside of the chamber.
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Figure 3.1 Design of the radon chamber
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A secondary chamber (16.5" x 16" x 16") has been attached to the side of

the main chamber. The front, back, top, and bottom of this cell were constructed

of 3/8" lucite. A 1/2" thick clear plastic door on the right side of this chamber

allows for monitoring equipment to be placed into this cell. A sliding passage door

between the secondary and main chambers allows instrument to be transferred to

the main cell after the outer door to the smaller chamber has been sealed. This

method of equipment transfer minimizes the perturbation of the radon

concentration in the main chamber as well as minimizing the amount of radon that

can escape into the laboratory. To further reduce the loss of radon during the

transfer of small equipment from the laboratory to the main chamber, a sealed

plastic cube (14.75" x 14.75" x 12") is kept in the secondary chamber. This cube,

in effect, reduces the volume of this chamber from 0.061 rrr' to 0.018 rrr'.

During the chamber's conceptual development, it was proposed that the

Regina office of the Occupational Health and Safety Branch of Saskatchewan

Labour move from 1150 Rose Street to the present address of the Branch at

1870 Albert Street. This move was taken into consideration when both the radon

chamber and new laboratory facilities were designed. After the move was

suggested, the Rose Street office was no longer considered as a possible location

for the radon chamber. Figure 3.2 shows a floor plan of the Radiation Safety

Unit's office and laboratory areas at 1870 Albert Street. The space in the

Radiation Laboratory designated for the radon chamber, control panel, and

monitoring equipment is shown on this plan.
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Figure 3.3 shows the general schematic for the gas handling in the

calibration system. The circuits shown on this plan are needed to perform the

different functions established by the design criteria of the radon chamber. The

Radon Generation Circuit (figure 3.4) allows for the radon concentration in the

chamber to be modified. Air from the chamber may be pumped through the 222Rn

source, the 220Rn source or both sources simultaneously. The radon-laden air can

be either returned to the chamber or exhausted from the system. The flow rates

through the radon sources and exhaust port are monitored with flowmeters.

The Air Exhaust Circuit (figure 3.5) is used to decrease the radon levels in

the chamber so that instruments can be calibrated at low radon concentrations.

The circuit was also designed to facilitate the quick reduction of the radon levels

in the chamber.

The Air Supply Circuit (figure 3.6) was initially designed for three functions.

Firstly, this circuit would provide the capability of modifying the humidity of the air

in the chamber. Secondly, by supplying make-up air from a cylinder of radon free

compressed air, this circuit would be used to maintain a constant pressure in the

chamber when the Air Exhaust Circuit is being used to operate the chamber at low

radon concentrations. Thirdly, an increased flow of compressed air would be used

if it became necessary to purge the radon from the chamber.

The Pressure Relief Circuit (figure 3.7) is a passive method of minimizing the

pressure difference between the chamber and laboratory. This circuit provides a

route, through a series of water traps, for air to move from the laboratory to the

chamber or from the chamber to the lab. During normal operations of the

chamber, this circuit should remain inactive.
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The Radon Monitoring Circuit (figure 3.8) was designed to have three

functions. Firstly, it is used to measure the radon concentration in the chamber.

This is accomplished by pumping gas from the chamber though a Lucas cell that

is contained in a radon flask counter. The Lucas cell is a cylindrical metal

container with a volume of 100 - 150 em". Swagelok® connectors are used to

permit gas to be pumped through the cell and to seal the cell when a sample has

been collected. The inner surface of the Lucas cell is coated with a phosphor, like

zinc sulphide, that will emit light when struck by the alpha particles that are emitted

during the decay of radon and radon daughters. One end of tile scintillation (;flll

is covered with a clear plexiglass window. This allows the light emitted from the

phosphor to be detected by a photomultiplier tube. The electrical pulse generated

by the flask's photomultiplier tube when a radon atom decays in the Lucas cell is

then detected and counted by the scaler. Secondly, a filter holder was included

in the design of this circuit so that the radon daughters in the chamber air could

also collected and their level measured. Thirdly, the capability of flowing the

chamber gas through an external Lucas cell was also incorporated into this circuit.

The ability to obtain air samples from within the chamber is essential in the

calibration of the radon chamber as well as the equipment used to monitor radon

daughter levels in Saskatchewan mines.

The initial design of the calibration system included a method of monitoring

the pressure differential between the different gas circuits. The minimization of any

pressure differences between the laboratory and the chamber made this

unnecessary for anticipated uses of the chamber. In the event that an unforseen



Ra.clon
Cha.Mber

I
II

35

In-line
Filter

-?o �

Printer

Sea.ler

V1
Cl .

u-'
::so:;:
-lU

PMT

Figure 3.8 Schematic diagram of the Radon Monitoring Circuit



36

need arose that would require that the pressure difference be monitored, space

on the control panel was left available.

The radon chamber's electrical system (figure 3.9) was designed to

accommodate the operation of three independent air circulation pumps within the

chamber. These pumps are used in the Radon Generation Circuit, the Air Exhaust

Circuit, and the Radon Monitoring Circuit. It is also necessary to have an electrical

source in the chamber to provide power for the radon monitoring instrument being

calibrated. In addition to the power sources within the chamber, a separate power

source for the external exhaust pump is also required. A master switch has been

included in the electrical system to ensure that, in the event of a problem, all

power could be shut off quickly.

3.2 Equipment

The one essential piece of equipment that every radon calibration system

must have is, of course, the radon source itself. As mentioned in section 3.1,

Pylon Electronic Development Company Ltd. of Ottawa is a manufacturer of

calibrated radon sources. An order for both the 222Rn and 22°Rn sources was

about to be placed with Pylon when the Palliser Campus of the Saskatchewan

Institute of Applied Science and Technology (SIAST) in Moose Jaw advised us that

the Radiation Technician Diploma Course was about to be discontinued. SIAST

was looking for a buyer for the large amount of radiation monitoring equipment and

radiation sources that had been acquired during the time that the Radiation

Technology Course had been offered. The Radiation Safety Unit was able to
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Figure 3.9 Schematic diagram of the electrical system
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purchase the Pylon 222Rn and 220Rn sources needed for the calibration system.

We also obtained Lucas cells, filter holders and filters that could be used in the

chamber's construction. This procurement helped reduce the equipment budget

for the radon chamber. Orders were placed for the other associated apparatus

needed in the different control circuits.

To prevent the intermixing of the different circuits, Swagelok® "keyed" Quick

Connects bulkhead connectors were used on the side of the chamber. These

connectors were ordered with the double end shut-off option to stop the radon in

the tubing between the chamber and tha control panel from leaking into the

laboratory when the circuit is disconnected from the chamber.

From discussions with the staff of other laboratories with radon chambers,

it was concluded that a maximum flow rate of four litres/minute in the Radon

Generation Circuit, the Air Exhaust Circuit, and the Radon Monitoring Circuit would

be sufficient to obtain the desired radon concentration in the chamber. We were

also advised that this flow volume could be provided by small aquarium diaphragm

pumps. It was felt, however, that the maximum flow rate of these pumps was

insufficient for the rapid purging of the radon chamber. To provide the higher

volume pumping capacity needed in the Air Exhaust Circuit, a Cote-Parmer"

Air Cadet" pump was selected. The maximum flow rate of this pump is seventeen

Iitres/minute.

In order for the electrical wiring to enter the chamber without any of the

radon leaking into the lab, an amphenol connector allowing 14 separate electrical

conductors was mounted at the rear of the radon chamber. The current electrical
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plan requires only nine conductors to enter the chamber, two wires (hot and

neutral) for each of the three diaphragm pumps and three wires (hot, neutral, and

ground) for the instrument power source. The additional five connections were

included to allow for possible future electrical needs.

To monitor the flow rates in each of the circuits seven flowmeters were

required. Flowmeters with a maximum measurement capability of 3.9 litres/minute

were selected to monitor the low volume flows. For the high volume flow in the

Air Exhaust Circuit, a flowmeter with the metering capacity of 23.9 litres/minutes

was chosen. The length of the tubes in the flowmeters initially used in the Radon

Generation Circuit were 65 mm. The resolution of the flowmeters' measurement

scales was, however, insufficient to measure the flow rates to the desired

accuracy. To overcome this, flowmeters with a similar metering capacity but with

150 mm tubes were installed to monitor the flow of 220Rn and 222Rn. The

calibration data for the flowmeters were provided by the Cole-Parmer Instrument

Company.

A battery powered hydrothermograph was ordered from the Cole-Parmer

Instrument Company. This instrument is capable of continuously monitoring the

humidity and temperature over a period of one week. The results of these

measurements are graphically recorded. A separate instrument was used to

obtain intermittent temperature and humidity readings in the chamber. The model

5566 Taylor Digital Humidiguide® provides a digital display of the current

temperature and humidity but it is not capable of logging fluctuations of these

environmental conditions.
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The Drierite® drying column used in the Air Supply Circuit was also

purchased from the Cole-Parmer Instrument Company. The flow rates of the

compressed air passing through both the drying column and the water bubbler are

measured and then the saturated and dry gases are mixed and routed into the

chamber. By varying the two flow rates, the humidity in the radon chamber can

be maintained at the desired level.

The neoprene gloves which would provide full access to the interior of the

chamber were purchased from Fischer Scientific Inc. The top of the each glove

is stretched over the access port and a rubber ring is then used to securely hoid

the glove in place. The hand of the glove is then passed through the port and into

the chamber.

The pivotal circuit in the radon calibration system is the Radon Monitoring

Circuit (figure 3.10). The monitoring equipment in this circuit provides the data on

the radon levels within the chamber. Without these data, the radon instruments

in the chamber could not be calibrated. The decision to purchase the Ludlum

Model 182 Radon Flask Counter was made on the condition that the manufacturer

would modify the flask counter to accommodate a flow through Lucas cell. The

calibration factor for this Lucas cell was determined at the CANMET Laboratory.

The Lucas cell sits on the photomultiplier tube that is housed in the lower portion

of the flask counter. The electrical pulses generated by the photomultiplier are

counted by the Ludlum Model 2000 Portable Scaler. To compliment the scaler,

the optional Ludlum Model 264 Printer was also purchased. In addition to

providing a record of the count at the end of each monitoring period, the printer
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Figure 3.10 The Radon Monitoring System
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can also, when in recycle mode, reset the scaler to zero and issue the instruction

to the scaler to resume counting.

3.3 Construction

After the move to the new office, construction of the radon calibration system

was begun (figure 3.11). The eight holes needed forthe different gas circuits were

drilled through the sides of the chamber and the electrical access port was cut

through the chamber's rear panel. To insure that a gas-tight seal was obtained,

a bead of silicon caulking was placed around the holes before the Swagelok®

Quick-Connect bulkhead connectors and the Amphenol electrical receptacle were

attached to the chamber. To further guard against radon escaping from the

chamber, the electrical connections at the Amphenol insert were sealed. There

was a choice of sealing the connectors in either epoxy or in non-conductive silicon

caulking. As mentioned in section 3.2, the Amphenol connector used in the

chamber's construction has fourteen contact points. Therefore, for the sake of

future development, silicon caulking was chosen over epoxy as the method of

sealing the electrical connections.

Inside of the chamber, three pairs of 1/4" copper tubes are used to circulate

the gas through the different circuits. The intake ports for the low-volume pumps

in the Radon Generation Circuit, the Air Exhaust Circuit, and the Radon Monitoring

Circuit are connected to separate copper tubes that run along the back, left side,

and front bottom edges of the main chamber. Small holes ( .... 2 mm in diameter)

were drilled through the 0.028" thick copper tubing at eight inch intervals. These
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Figure 3.11 The Radon Calibration System
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holes were kept as small as possible so that the gas would be collected uniformly

from the bottom of the chamber. Once activated, the pumps circulate the gas

collected from these copper tubes through the appropriate circuit. The return air

lines from the control panel are connected to the three copper tubes that run along

the rear, left side, and front top edges of the chamber. The ends of the pipes not

directly connected to the pumps or return air lines are plugged. The holes drilled

in these lines are of similar size and spacing to those in the three lower copper

tubes. Again, this was done in an attempt to distribute the returning gas evenly

throughout the calibration chamber.

The control panel was constructed from pegboard and 38 mm x 89 mm

wooden studs. Pegboard was selected as the material for the control panel for two

reasons. Firstly, the holes in the pegboard (25.4 mm on centre) provided a

convenient grid for the layout of the different control areas that would be needed

and, secondly, the holes were excellent guides when larger access holes were

drilled for the flowmeters and valves.

After the construction was completed, the pegboard and visible 2 x 4's were

painted with a flat black paint to match the flowmeters, valves, and radon sources

that would be mounted on the control panel. This colour would also match the

black countertop where the control panel would be situated.

The front of the control panel (figure 3.12) was subdivided into control areas

for the individual circuits as well as for the electrical power switches. Automotive

pinstriping tape was used to mark the boundaries of these subdivisions. To

identify the different zones on the control panel, plastic signs were mounted on the



45

Figure 3.12 The Control Panel
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control panel. To make the use of the calibration system less complicated, signs

were also made that would indicate the function of each control valve. The cost

for the materials used to build the control panel were kept to a minimum but it was

felt that, since the chamber would be used as a provincial calibration standard, an

attempt should be made to make it look suitable.

3.4 Operations

After the construction of the chamber had been completed, each circuit was

tested to ensure that aii operationai criteria were met. Any probiems that might

have been uncovered would have to be corrected before proceeding to the

calibration of the chamber.

The first unexpected problem arose when it was realized that, even though

the aquarium pump has an intake valve, air was also entering the pump along the

opening between the bottom mounting plate and the pump cover. The purpose

of the copper tubing along the edges of the chamber is to ensure that the gas that

is to be pumped through the control panel circuits is collected uniformly from the

bottom of the chamber. If the intake valves that are connected to the copper tubes

are not the only source of chamber gas for the pumps then the purpose of the

tubing is defeated. To make sure that this does not occur, the aquarium pumps

were sealed in Fridg-O-Seal® plastic containers.

Two Swagelok® bulkhead connectors and an Amphenol box mounting

receptacle were attached to the side of the each plastic container. Silicon caulking

was again used to ensure these seals around these connections were air-tight.
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One connector was connected to the copper tubing at the bottom of the chamber

and the other was attached to a Swagelok� Quick-Connect bulkhead connector

on the side of the chamber. The Amphenol connector was used to supply the

power for the pump.

Tygon tubing was used to attach the various valves and flowmeters in the

control circuits. After the Swagelok® fittings had been tightened, each of the

circuits was separately activated to ensure that the electrical and gas systems had

been connected correctly. During the testing of the Radon Monitoring Circuit the

neOpterJ� gloves u�gan to ir1ilai� and rise off the botton) of the radon chamber.

It was apparent that there were gas leaks in the system. With the use of Snoop",

these leaks were located and sealed.

In addition to the leakage problem, the motion of the neoprene gloves

suggested another complication. If the pressure difference between the laboratory

and the chamber was sufficient to inflate the gloves and cause them to stretch into

the chamber, why hadn't the Pressure Relief Circuit been activated? The answer

to this question became evident when the water levels in the pressure relief and

vacuum relief bubblers were seen to be considerably higher than the ends of the

submerged gas tubes. It became apparent that it would require a significant

pressure difference to force the water out of the immersed tubing. By reducing the

height differential between the top of the water and the submersed tube, the circuit

would become operational even when the pressure difference between the

laboratory and the radon chamber is small.

The inflating neoprene gloves indicated pointed out an additional complication
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that could occur if the Air Supply Circuit was used to establish a constant humidity

level in the chamber. If, during this procedure, the Pressure Relief Circuit was

activated and air was exchanged between the laboratory and the chamber, the

humidity level would be affected. In order to ensure that the Pressure Relief

Circuit would not be activated, it would be necessary to balance the incoming air

from the Air Supply Circuit with an equal volume of gas being exhausted through

either the Radon Generation Circuit or the Air Exhaust Circuit. The difficulty is that

during the usual operation of the chamber, maintaining an equivalent flow rate in

both the intake and exhaust systems would be difficult to maintain.

A review of the schematic diagrams of the different circuits was undertaken

to see if it would be possible to make modifications that would allow for easier

control of the chamber's humidity. It would be necessary that these modifications

would ensure that the Pressure Relief Circuit would only be activated under

extreme and unusual circumstances.

After a review of the circuit diagrams, it was concluded that the air pumped

into the Air Exhaust Circuit could be diverted into the Air Supply Circuit and then

returned to the chamber. This would be a closed system and would not affect the

pressure in the chamber. Low-volume exhausting, if needed, could still be

performed through the Radon Generation Circuit while the Air Supply Circuit could

provide the make-up air (figure 3.13). It would be far easier to maintain equivalent

volumes at these low flow rates than at the large volumes that would be needed

if the Air Supply Circuit was used to control humidity.
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During the search for circuit modifications that would solve the previously

discussed problem, a design defect in the Air Exhaust Circuit became apparent.

If the first valve after the Air Exhaust flowmeter was set so that the air was

directed to the Air Cadet® pump and the valve used to provide make-up air for the

pump is open but the Air Cadet" pump was not turned on, then the air from the

chamber would be exhausted directly into the laboratory. To avoid this

occurrence, a check valve was installed at the end of the tubing that supplies the

make-up air to the high-volume pump. This check valve would allow laboratory air

to flow to the Air Cadet® pump but would prevent chamber air from entering the

lab.

During an intercomparison of radon daughter monitoring instruments between

different laboratories, the results of initial tests suggested that a spatial

nonuniformity of radon daughters can exist in a radon chamber (Table 4.4). This

problem was corrected with the use of a small battery operated fan to improve the

circulation of the air in the chamber.

To confirm that the system met the safety criterion, the tubing connections

were again tested for leaks. A minor leak at the connection to the 222Rn source

was repaired. The area around the chamber and control panel was monitored for

radon and radon daughters both when the chamber was functioning and when the

chamber was idle. No differences in radon and radon progeny levels were

detected.



4. CALIBRATION

4.1 Standardization

As the radon and radon progeny exposure estimates for the average person

increased (UNSCEAR 1982) and the epidemiological data of miners showed a

statistical correlation between exposure and the incidence of lung cancer, the

urgency to expand monitoring capabilities increased. This led to the development

of new monitoring procedures and dosimeters. These dosimeters were typically

designed to be produced, deployed and analyzed in large numbers. In addition,

they are normally low-cost and passive. It became evident that, with the increased

need for monitoring capability, accurate calibration of radon and radon daughter

dosimeters was imperative (Miles 1985).

To achieve the desired accuracy in monitoring equipment, central laboratories

with standardized radon calibration sources were needed. This fact had been

recognized by organizations in several countries and led to the development of

calibration chambers by many nations in Europe, North American, and the Pacific

rim. In 1983, the Committee on Radiation Protection and Public Health (CRPPH)

of the Organization for Economic Cooperation and Development (OECD) Nuclear

Energy Agency (NEA) initiated an international program of intercalibration and

intercomparison of radon and radon daughter monitoring equipment and

procedures. This program was merged with a similar program that was being

conducted by the Radiation Protection Programme of the Commission of the

European Communities (CEC). Jointly, the OECD and CEC sponsored the
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International Intercalibration and Intercomparison Program (IIIP) of radon, thoron,

and daughters measuring equipment (Knutson 1986).

The main objective of the IIIP was to ensure that the various calibration

methods used in different countries are equivalent. The organizing committee

selected four laboratories to take part in the intercalibration procedures. The four

facilities are the United Kingdom National Radiation Protection Board Laboratory

(NRPB); the Australian Radiation Laboratory (ARL); the U.S. Department of

Energy, Environmental Measurements Laboratory (EML); and the U.S. Department

of the Interior, Bureau of Mines Laboratory (USBM). Budget constraints required

that the development of the protocol for the intercalibration be left primarily to the

discretion of the four laboratories taking part in the project (Droullard 1983). After

selecting the participants, the organizing committee remained intact and actively

monitored the intercomparison program.

The IIIP was divided into two parts and each part was further subdivided into

two phases. Part I dealt with radon measurements while Part II covered the

measurement of radon progeny. Phase I of Part I dealt with the intercomparison

and intercalibration of the four international laboratories. Phase II of Part I involved

the intercomparison of other facilities within each region of the primary calibration

chambers. The RSU was invited to participate in Phase II but, unfortunately, our

chamber was not sufficiently developed to become involved at that stage

(Hinchliffe and George 1984, lIari 1986).

During Phase I, it was initially planned that two exchanges of radon samples

would occur between the four laboratories. It was determined that the shipment
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of the standard scintillation cells by air resulted in excessive leakage as a result

of the decreased pressure at high altitudes. This leakage problem made the

results of Rounds 1 and 2 inconclusive and forced a third exchange of samples

after modifications in the shipping and calibration procedures. The results of the

radon measurements performed during Round 3 of Phase I and the statistical

analysis of these data are shown in Tables 4.1 and 4.2. The agreement between

the radon concentrations measured at the four laboratories during Round 3

suggested that the leakage problems had been eliminated.

Phase II of Part I of IIIP involved three of the laboratories. USBM did not

participated in the regional intercalibration and intercomparison of radon because

this laboratory had specialized in monitoring occupational radon daughter levels.

The EML was used for all the intercomparison of radon gas dosimeters in the

North American region. To accommodate the differences in radon monitoring

techniques, the protocol for the regional intercomparison was left to the discretion

of each of the three laboratories involved in the tests.

The conclusions that were reached as a result of Phase I of IIIP indicated

that any radon measurements made with any of the OECD and CEC member

countries should be comparable if the monitoring agency has intercalibrated its

equipment with one of the four reference laboratories. It was also concluded that,

in spite of the success of Round 3, the problems encountered in Rounds 1 and 2

made Part I of IIIP fall short of its goals. To ensure that the statistical agreement

achieved in Round 3 remained consistent, it was recommended that further

intercomparisons and intercalibrations be conducted.
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Table 4.1 Round 3 Analysis Result (International Intercalibration and

Intercomparison of Radon, Thoron and Daughters Measuring Equipment, Part I
Radon Measurement, 1986).

Analysis ---------�--------�------------- Fill Location ---------------------------------

Location ARL EML NRPS USSM USSM

ARL (1)

EML (2)

NRPS (3)

USBM (4)

5291± 74
5550± 74
5365± 74
5439± 74

5217± 37
5254± 37
5106± 37
5365± 37

5450±140
5760±300
6100±120
5780±280

4731±215
4782±222
4806±195
4731±215

1328±118
1343±163
1128±207
1195±137

1299± 11
1306± 7
1310± 15
1295± 11

1250± 20
1260± 50
1310±170
1260± 30

1282± 52
1174± 65
1218± 68

4251±115
4243± 70
4573± 78
4262± 59

4144± 37
4255± 37
4292± 37
4255± 37

4119±130
4270± 90
4320±180
3990± 60

3797±389
3612±341
3851±341
3736±307

18796±185
17908±185
19018±185
18648± 74

17205± 74
17131± 37
17501± 74
17390± 37

16570±400
16560±380
15710±300
16180±440

16448±177 16141±195
15988±211 15927±147
16326±211 16172±215
16009±150 15429±167

Sq/m3 ± 1 standard deviation
The standard deviations quoted by ARL and EML are from the square roots of the
total number of counts.
The standard deviations quoted by NRPS and USBM were calculated from

repeated counts on a given sample after correcting for decay between the count
intervals.

(1) From ARL telex dated 26Sep84, except NRPS column form ARL telex date

200ct84; for the EML column slightly lower values were reported in the ARL
telex date 10Aug84.

(2) From EML telex dated 26Sep84.
(3) From NRPB telex dated 26Sep84
(4) From USBM telex identified as 1 9109370740. Includes revision, USSM letter

dated 28 Jun 85.
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Table 4.2 Round 3 Within-Lab Statistics (International Intercalibration and

Intercomparison of Radon, Thoron and Daughters Measuring Equipment, Part I
Radon Measurement, 1986).

Analysis
Location

-------------------------------- Fi II Locatio n ---------------------------------

ARL EML NRPS USSM USSM

ARL 5411±110 1249±104 4332±161 18593±481
( 74) (156) ( 80) (157)

EML 5236±107 1303± 7 4237± 64 17307±169
( 37) ( 11) ( 37) ( 55)

NRPS 5773±266 1270± 27 4175±150 16255±373

(210) ( 67) (344) (380)

USSM 4763± 38 1225± 54 3749±103 16193±230 15917±373

(296) ( 62) (344) (187) (181 )

Sqlm3 ± 1 standard deviation
Mean and standard deviation among the replicates analyzed by each laboratory.
In parentheses, the average of the single-sample standard deviations.

Part II of the IIIP involved the intercalibration and intercomparison of radon

and thoron daughter measuring equipment. The intercomparison of radon progeny

is technically more difficult to achieve than the intercomparison of the radon itself.

For radon, the intercalibration could be achieved by the exchange of samples from

the radon chamber in each of the four reference laboratories. For radon progeny,

however, the equipment used in each laboratory to measure the radon daughter

concentration must be exchanged. This is necessary to ensure that the test

atmosphere is the same for the monitoring instruments from each of the four

reference laboratories. Four intercomparison exercises were performed at NRPS,
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EML, ARL, and again at EML between October, 1983 and April, 1986.

Before any intercomparisons of the monitoring equipment could be

performed, the alpha reference sources, used to determine the efficiency of the

monitoring equipment in each of the four laboratories, were intercompared

(Table 4.3). After concluding that the activity of the reference alpha sources we_re

accurate, the radon daughter concentration and potential alpha energy

concentration (PAEC) of the sample atmospheres could be measured (Table 4.4).

Table 4.3 Comparison of Counting Efficiencies using Calibrated Sources
(International Intercalibration and Intercomparison of Radon, Theron and D::l:..:ghters
Measuring Equipment, Part II, Radon Daughter Measurement, 1988).

Reference Activity
source Bq (1)

ARL #1 422.5
ARL#2 334.4
ARL#3 338.1
EML #1 175.6

USBM #1 209.2

Mean
SD

Detector Efficiency (cps/8q)
ARL#1 ARL#2 EML USBM

0.425 0.422 0.488 0.494
0.423 0.421 0.484 0.485
0.426 0.432 0.490 0.490
0.433 0.444 0.487 0.492
0.436 0.435 0.490 0.494

0.431 0.431 0.488 0.491
0.009 0.009 0.002 0.004

(1) Quoted value is activity of radionuclide deposited on backing material.

Once the radon decays, a fraction of the radon progeny will become attached

to aerosol particles in the air. After the measurement of the radon daughter

concentration and PAEC, the concentration of the unattached radon daughter, the

total radon daughters, and the unattached fraction were then determined at various

aerosol concentrations (Table 4.5).
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Table 4.4 Results of Radon Daughter Measurement Intercomparison at ARL

(International Intercalibration and Intercomparison of Radon, Thoron and Daughters
Measuring Equipment, Part II, Radon Daughter Measurement, 1988).

Activity Concentration
Test Parameter BqJm3 and PAEC, mWL (1)

ARL EML USBM

#1 Po-218 944 ± 180 827 ± 104 2160 ± 275
Pb-214 529 ± 32 560 ± 12 1486 ± 60
Bi-214 395 ± 44 414 ± 20 987 ± 74
PAEC 139 ± 3 142 ± 4 364 ± 4

#2 Po-218 179 ± 40 203 ± 30 551 ± 61
Pb-214 16 ± 8 9± " 92 ± 12oj

Bi-214 13 ± 10 0.4 ± 5 62 ± 15
PAEC 7.5 ± 0.6 7.0 ± 0.3 22± 1

#3 Po-218 3534 ± 227 3794 ± 217 3174 ± 228
Pb-214 1143 ± 45 1155 ± 28 1057 ± 39
Bi-214 424 ± 60 483 ± 45 563 ± 56
PAEC 299 ± 4 314 ± 9 292± 3

#5 Po-218 3659 ± 292 3427 ± 243 3725 ± 537
Pb-214 1859 ± 59 1806 ± 27 1886 ± 138
Bi-214 1191 ± 78 1165 ± 44 1013 ± 167
PAEC 478 ± 5 462± 9 466 ± 10

#7 Po-218 1052 ± 109 1155 ± 61 806 ± 110
Pb-214 153 ± 20 194 ± 8 163 ± 20
Bi-214 110 ± 27 50 ± 13 121 ± 27
PAEC 62 ± 2 64± 2 57 ± 2

(1) Quoted errors are 1 standard deviation from counting errors
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Table 4.5 Results of Unattached Fraction Measurements at ARL (International
Intercalibration and Intercomparison of Radon, Thoron and Daughters Measuring
Equipment, Part II, Radon Daughter Measurement, 1988).

Test #9 : Aerosol concentration = 7350 CN ern"

Lab Paramo Po-218 Pb-214 Bi-214 PAEC
(1 ) Bq m-3 Bq rn" Bq m" mWL

ARL Total 568 ± 94 139 ± 20 59 ± 27 40.3 ± 1.4
Free 152 ± 41 3 ± 7 1 ± 10 4.1 ± 0.6

0/0 27± 9 2 ± 5 2 ± 17 4.5 ± 0.7

EML Filter 464 ± 68 112 ± 7 87 ± 10 37.3 ± 2.4
#1 74 ± 14 o ± 2 o ± 2 1.7 ± 0.5
#2 90 ± 15 o ± 2 O± 2 1.9 ± 0.5
#3 45 ± 13 o ± 1 3± 2 -1.6 ± 0.5

Free 148 ± 28 o ± 4 O± 4 3.4 ± 1.0
0/0 32 ± 8 o ± 4 o± 5 9.1 ± 2.7

Test #11 : Aerosol concentration = 4215 CN ern"

Lab Paramo Po-218 Pb-214 Bi-214 PAEC

(1 ) Bq rn" Bq m-3 Bq rn" mWL

ARL Total 3004 ± 206 706 ± 40 491 ± 53 230 ± 10
Free 709 ± 78 36 ± 14 o ± 19 23 ± 3

% 24 ± 3 5.1 ± 2 o ± 20 10 ± 2

EML Filter 3044 ± 742 743 ± 21 481 ± 35 236 ± 7
#1 345 ± 39 6.9 ± 4 4.8 ± 6 11 ± 1

#2 463 ± 46 8.1 ± 5 o ± 7 13 ± 2
#3 542 ± 40 9.8 ± 4 o ± 6 15 ± 1

Free 690 ± 78 13.8 ± 8 9.6 ± 12 22 ± 2
% 23 ± 6 1.9±1.1 2.0 ± 2.5 9.3 ± 0.9

CN - condensation nuclei
(1) Total refers to total concentration of attached and unattached species. Free
refers to concentration of "unattached" species. The derived unattached fraction,
in percent, is listed in the row "%".
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The conclusions that were reached after the completion of Phase I of Part II

of IIIP stated that the intercomparison on the data collected during the four

exercises showed good agreement for both the PAEC and individual radon

daughter activity over a wide range of aerosol concentrations.

Phase II of this part of IIIP involved fifty-two laboratories from Europe, North

America, Australia, and Japan. The results of the intercomparisons indicated that.

in the majority of cases, a difference of less than 10% could be achieved between

the measurements performed by these laboratories and those done by the four

regional centres.

The emphasis of the IlIP was placed on the intercomparison of 222Rn. Even

though thoron is mentioned in the titles of the reports of both Part I and Part II, no

intercalibration of 22°Rn was performed between the four major calibration facilities.

4.2 Chamber Calibration

To ensure that the measurements performed with instruments calibrated in

our chamber will provide accurate results, it is necessary that the radon chamber

itself is accurate. In order to achieve this, an intercomparison between our

chamber and both national and international reference chambers has been

performed. The Canadian reference centre for radon and radon daughters is

located at the Mining Research Laboratories in Elliot Lake. This facility has been

intercalibrated with the radon facility at the U.S. Bureau of Mines Laboratory. This

provides the CAN MET Laboratory with a link to the International Intercalibration

and Intercomparison Program.
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The CANMET facility was developed when Elliot Lake was the major uranium

producing area in Canada. The proximity to the mines gave the scientists at the

Elliot Lake Laboratory the opportunity to gain a better understanding of the

relationship between the study of the theoretical aspects of radon and radon

progeny in a calibration chamber and the actual conditions that are encountered

underground.

The radon chamber at the Atomic Energy Control Board's laboratory was

calibrated relative to the CANMET chamber. The radon daughter monitoring

equipment used by the AECB uranium mines inspectors has been calibrated in the

Board's chamber.

To take advantage of the experience that had been garnered by the Elliot

Lake scientists and to ensure good agreement between the measurements taken

by the Saskatchewan mines inspectors and those done by their federal

counterparts, it was decided that our chamber would be intercalibrated with the

Canadian reference centre at Elliot Lake. The calibration factors for the

scintillation cells that could be used in the Radon Monitoring Circuit were

determined by filling RSU and calibrated CAN MET Lucas cells with radon samples

from the CANMET chamber and then measuring the radon concentration in these

cell with the CAN MET scaler. The values obtained from these measurements

enabled the calibration factor for the RSU scintillation cells to be calculated. The

results of the calibration measurements are shown in Table 4.6.

To complete the calibration of our radon system, 344 ± 4% pCi of 222Rn was

dispensed into Lucas cell #001 from our Pylon Type Rn-150A Radon Gas
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Standard and the counting efficiency factor for the Ludlum Model 182 Radon Flask

Counter and Model 2000 Portable Scaler was determined. By combining this

counting efficiency factor and the Lucas cell's calibration factor, a overall

calibration factor of 0.484 cprrvocit,:' was assigned to the radon chamber.

Table 4.6 Calibration factors for RSU scintillation cells measured at the CANMET
Laboratory at Elliot Lake, Ontario

Date Cell # Volume K Kl
(ern") (cpnvpcn,") (pCiL-1/cpm)

167.7 0.657 1.52 ± 0.02
163.6 0.657 1.52 ± 0.02
277.4 1.053 0.95 ± 0.03
278.1 1.211 0.83 ± 0.03
168.0 0.636 1.57 ± 0.02
164.0 0.524 1.91 ± 0.02
277.0 1.005 0.99 ± 0.03
278.0 1.228 0.82 ± 0.03

January 4, 1990 001

January 4, 1990 002

January 4, 1990 330

January 4, 1990 334

January 8, 1990 001

January 8, 1990 002

January 8, 1990 330

January 8, 1990 334

(1) These measurements were conducted at NTP (normal temperature and

pressure).

The RSU participated in an intercomparison of radon daughter monitoring

equipment that was performed at the CANMET Laboratory. Our Scintrex WLM-30

monitor was shipped to Elliot Lake and was intercalibrated with instruments that

were supplied by the AECB. When the WLM-30 was returned, it was used to

determine our chamber's calibration factor for radon progeny.

Radon daughter levels in our chamber were measured with the WLM-30

before and after it was sent to Elliot Lake. The results of the measurements

showed that the WLM-30 was functioning consistently.



5. IMPLEMENTATION & DISCUSSION

5.1 Present Uses of the Chamber

The growth of uranium mining in Saskatchewan has increased the need for

accurate monitoring equipment to be used by the provincial government's mining

inspectors to ensure that the internal radiation exposure to the workers will be kept

as low as reasonably achievable. The radon chamber was developed to calibrate

these mine monitoring instruments as well as the integrating dosimeters used to

measure the radon levels in buildings and in the environment. Examples of the

dosimeters that have been calibrated in the chamber are the EDA Instant Working

Level Meters (IWLM) and the charcoal canisters used in radon surveys of public

buildings.

The IWLM is used for measure radon daughter levels during mine

inspections. To calibrate the IWLM, a filter paper is placed in the filter holder in

the Radon Monitoring Circuit (figure 3.8) and radon daughters are collected on it.

The filter paper is then removed from the filter holder and placed in the IWLM. By

knowing the daughter concentration on the filter and the activity measured by the

IWLM, a calibration factor can be assigned to the monitoring instrument.

The activated charcoal canister dosimeters calibrated in the RSU chamber

have been used by the Radiation Safety Unit to monitor radon levels in public

buildings in Saskatchewan. To use this device, the lid is removed from the

canister for two to three days, allowing radon to adsorb onto the activated

charcoal. At the end of the monitoring period, the canister is sealed to prevent the
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entry or escape of radon or water vapour. After radioactive equilibrium between

the radon and the short-lived daughters has been achieved, the gamma emissions

from the decay of the 214Pb and 2148i daughters are detected by a sodium iodide

crystal and measured with a multichannel analyzer. These gamma emissions are

used to determine the radon concentration in the sealed canister. By knowing the

length of time between the mid-point of the monitoring period and the time that

canister is analyzed in the laboratory, the radioactive decay of the radon that was

originally sealed in the canister can be compensated for and the radon level at the

monitored location can be determined.

Before a canister can be used for field measurements, it must first be

assigned a calibration factor. This is achieved by exposing the charcoal in the

canister to a known concentration of radon for the typical monitoring period of two

days. The analysis of the gamma emissions from the canister allows for the

calibration factor to be determined.

A protocol for the calibration and analysis of charcoal canisters has been

developed by the United States' Environmental Protection Agency (EPA 1987).

The EPA has suggested that a correction factor should be applied to the canister's

calibration factor to account for the relative humidity at the monitored location.

Water vapour, like radon, will adsorb onto the activated charcoal. This results in

a decrease in the amount of charcoal available for the radon to attach to. To

accurately calibrate the charcoal canisters, the humidity in the chamber was

maintained at different levels so that the humidity correction factor for each

canister could be established.
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Before being used for radon monitoring, the charcoal is heated to evaporate

any moisture and to also drive out any residual radon from the previous

measurement. The canister is then sealed and weighed. After the canister is

returned to the laboratory for analysis, it is weighed again. The gain in weight is

attributed to the water vapour that was adsorbed by the charcoal during the time

that the canister was unsealed. From the weight gain and the exposure time, the

humidity at the monitored location can be estimated and the proper correction

factor can be applied.

The activated charcoal dosimeters have been used for two separate surveys

of Saskatchewan buildings. Because of the working relationship that the Radiation

Safety Unit has with the diagnostic imaging departments, the provincial hospitals

were selected as the first buildings to be monitored for radon (Volk 1990). The

radon levels measured in the health care facilities are listed in Table 5.1.

Table 5.1 Radon levels monitored in Saskatchewan hospitals

Radon Concentration

(Bq/m3)
Number of Hospitals

0-39
40 - 79
80 -119

120 -159
> 160

39
32
13
12
11

This radon survey was conducted between September and December, 1989
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Although useful, the data collected from the 107 hospitals did not provide

comprehensive information about the radon levels in all regions of the province.

To expand the data base on radon levels in Saskatchewan, the Radiation Safety

Unit asked the Department of Education for permission to monitor the radon levels

in all Saskatchewan schools (Brown et al. 1991). The initial survey of schools

discovered a few locations where the radon levels exceeded Health and Welfare

Canada's recommended remedial action level of 800 Bqlm3. All schools with

radon levels above 112 Bq/rn" were resurveyed to validate the initial reading. The

radon levels measured in the schools during both the initial and follow-up surveys

are listed in Table 5.2.

Table 5.2 Radon levels monitored in Saskatchewan schools

Radon Concentration

(8q/m3)
Number of Schools

(initial survey)
Number of Schools

(follow-up survey)

Unusable
o - 111

112 - 199
200 - 299
300 - 399
400 - 499
500 - 599
700 - 799
800 - 899

1300 -1399
1500 -1599
1600 -1699
1800 -1899

135
724

53
13

4

3
2
o
1

2
1

o
1

8
44

26
9
3
1
o
1
o
o
o
1
o

The initial survey of schools was conducted between April and December, 1990.
A follow-up measurement was conducted in the schools that had radon
concentrations above 112 Bqlm3 in the initial survey.
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5.2 Possible Future Uses For The Chamber

The follow-up survey that was conducted in Saskatchewan schools confirmed

that a few of the facilities have elevated levels of radon. The most prominent of

these is the South Campus of the Eston Comprehensive School where the

maximum radon level was measured to be more than six times greater than the

suggested remedial action level. After an extensive survey was conducted on this

building, recommendations for appropriate corrective actions were reported to the

Eston-Elrose School Division. An engineering firm was engaged by the school

division to implement the recommendations and the corrective work will be

conducted during the 1992 summer break. To confirm that the remediation work

is successful in reducing the radon concentration, the radon levels will be

measured in all areas df the school prior to the beginning of the 1992-93 school

term.

The discovery of the excessive radon levels in the Eston school prompted

many residents of the community to have their homes monitored. The data

collected from these measurements indicated that the radon problem was not

isolated to the school. A program to determine the long-term average radon level

in residential buildings in the south-west region of the province will be initiated

during the next year. The data collected from this program will be used by the

Louis Schulman Cancer Epidemiology Unit of the Saskatchewan Cancer

Foundation in an attempt to correlate exposure to high levels of radon and the

incidence of lung cancer in the study area. Electret dosimeters that will be used

for this study to permit measurements of longer duration than those that could be
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done with the charcoal canister. The radon chamber will be used to calibrate the

electret dosimeters.

A program to monitor the radon concentration in schools where the radon

was measure to be above 112 Bq/rrr' in the follow-up survey will be launched

during the fall school term. The radon measurements will be part of a science

experiment conducted by the students with supervision by the science teacher.

The experiment was designed, under my supervision, by the grade IX students

enrolled in the Actal Program (academically talented) at Walter Murray Collegiate

in Saskatoon. The students will measure the radon concentration in the schcol

using one of the Radiation Safety Unit's Honeywell Professional Radon Monitors.

This instrument is capable of logging the radon level over short time periods during

the five days of monitoring. While the radon levels are being measured, the

atmospheric conditions (barometric pressure, temperature, wind direction and

speed, etc.) will be obtained from Environment Canada's closest weather station.

The analysis of the experimental data will involve the correlation of radon levels

in the school with respect to time of day, barometric pressure, and wind conditions.

To ensure that the radon levels being measured in the schools are reasonably

accurate, it will be necessary to periodically calibrate the Honeywell Radon

Monitors in our radon chamber.

Further study of the interaction between radon progeny and respirable

aerosol particles is being contemplated. In addition, the measurement of the rate

at which the radon progeny is plated out on the interior surfaces of the radon

chamber is also being considered. By gaining a better understanding of the
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reduction of the radon daughter concentration resulting from plate out and by

acquiring more information about the attached fraction of radon daughters with

respect to the aerosol size and concentration, it is believed that, with information

about the building characteristics (ventilation, square footage, room size, dust

levels, smoking habits of occupants, etc.), the exposure to radon progeny could

be accurately estimated from direct radon measurements.

Currently, the radon concentration is recorded on paper by the printer that

is attached to the Ludlum scaler, however, an interface that will allow the scaler

to be linked to the RS-232 port of a computer has been purchased. When a

laboratory computer becomes available the interface will be used to permit the

logging of the radon data directly into computer files. The computer can then use

this filed data to calculate and report the radon concentration. It has been

discussed that, once a computer has been incorporated into the system, the valves

that currently control the flow rates could be replaced with electronic valves. This

would enable the computer to establish the desired radon concentration in the

chamber.

The one procedure that will be mandatory will be the ongoing calibration of

the radon chamber. This will ensure that accuracy of the system is maintained

and hopefully improved. A system has been developed that will permit the transfer

of calibrated samples between laboratories (Hutchinson et al. 1992). This method,

developed by the United States' National Institute of Standards and Technology

has an overall uncertainty of approximately 2%. Eleven laboratories, including the

four reference facilities, took part in the initial intercomparison study. Further



69

calibration of our chamber will likely follow this new protocol.

The development and initial calibration of the Radiation Safety Unit's radon

chamber has been completed but the potential health risk arising from the

exposure to radon and radon daughters ensures that the use of the calibration

chamber will be ongoing.
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Decay Series of 238U to 206Pb
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Appendix B

Decay Series of 23�h to 208Pb
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Derivation of the Working Level
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The derivation of the working level for short-lived radon daughters was

originally calculated from the decay of the radon progeny that are in secular

equilibrium with 100 pCi of 222Rn in one litre of air.

When equilibrium has been reached, the rate at which each of the daughters

decays is equivalent to the activity of the radon. The number of atoms of each

daughter can be determined from the derivative of the radioactive decay formula:

dN=
dt

-1 =
'1 N

In 2 xr
-"" = -

Half-life.LV

Potential Total Potential
Number a-energy a-energy
of atoms per atom Concentration

Nuclide Half-life per 100 pCi (MeV) (MeV/100 pCi)

218pO 3.11 m 977 6.00 + 7.69 0.134 x 105

214Pb 26.8 m 8580 7.69 0.660 x 105

2148i 19.7 m 6310 7.69 0.485 x 105

214pO 160 us 0 0 0

1.279 x 10s

The working level is the unit of total potential a.-energy concentration (PAEC)

and has been redefined to be any combination of short-lived radon daughters that

can potentially release 1.3 x 105 MeV of alpha energy. Various method have been

developed to measure the PAEC. These include the Kusnetz Method, the Rolle

Method, and the Thomas-Tsivoglou Method (Brown 1982).
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AECB

ARL .

Bq

CANMET

CEe

Ci

CRPPH

EML .

EPA

ICRP

IIIP

IWLM

NEA

NRPS

OECD

PAEC
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GLOSSARY

Atomic Energy Control Board

Australian Radiation Laboratory

becquerel (SI unit for measuring radioactive decay)

1 Bq = 1 disintegration/second

becquerel per cubic metre (the SI unit for measuring t
concentration of radon)

Mineral and Energy Technology Branch of Energy, Min�
and Resources Canada

Commission of the European Communities

curie (old unit for measuring radioactive decay)
1 Ci = 3.7 x 1010 8q

Committee on Radiation Protection and Public Health

U.S. Department of Energy, Environmental Measuremen

Laboratory

United States Environmental Protection Agency

International Commission on Radiological Protection

International Intercalibration and Intercomparison Proqra
of radon, thoron, and daughters measuring equipment.

Instant Working Level Meters

Nuclear Energy Agency of the OECD

National Radiation Protection Board (United Kingdom)

Organization for Economic Cooperation and Developrne:

potential alpha energy concentration
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pCi/L picocuries per litre (a unit for measuring the concentration
of radon)

RSU Radiation Safety Unit

Snoop A solution used for detecting gas leaks.

Sv sievert (a unit for measuring dose equivalence)
1 Sv = 1 joule of energy deposited per kilogram of
absorbing material.

UNSCEAR United Nations Scientific Committee on the Effects of
Atomic Radiation

USBM U.S. Department of the Interior, Bureau of Mines

Laboratory

WL

WLH, WLM

working level (a unit for measuring the concentration of
short-lived radon progeny)
1 WL = any combination of short-lived radon daughters that
can potentially release 1.3 x 105 MeV of alpha energy

Working level hour, Working level month (units for

measuring the exposure to short-lived radon daughters).
The exposure is determined by multiplying the

concentration of radon daughters (in working levels) by the

exposure time (in hours)
1 WLM = 170 WLH
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