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Presented to the 14th Canadian Minerals Processors Operators Conference,
Ottawa, Canada, January 19, 1982.

ABSTRACT

This presentation deals mainly with radiation levels associated with the uranium
milling operations which includes yellowcake production. The regulations of
uranium mills has not received much attention in the past because radiation
levels have been generally low, and uranium milling has been substantially free
of occupational illness. As greater insight is gained on the possible effects
of low level radiation more attention has been directed towards minimizing
exposures to atomic radiation workers. The AECB is currently working on new
regulations which will reflect the recommendations of the Ham Commission, the
Ontario Select Committee, and the International Commission on Radiological
Protection amongst others. This will result in an overall tightening of
regulations.

Emphasis is now being placed on improving monitoring methods. As of the beginning
of 1982 the gamma dosimetry program will have been put into effect for all uranium
mine and mill workers. An improved methodology is also being sought to determine
radon daughter exposures more accurately. This study program should be brought
to a conclusion by 1985 if not sooner. It is expected that a better knowledge
of monitoring and assessing thoron daughter levels in mine and mill facilities
will be obtained in 1982. Where applicable it is intended that this radiation
contribution will be included when calculating a combined radiation exposure
factor for individual workers.

Further work is required on determining the amount of internal radiation to
which workers are exposed. In most mills the inhalation of uranium concentrate
dust presents the most serious risk and this risk is to the lungs.

Programs are underway to better monitor and assess uranium dust inhalation.
Initial studies indicate that the present precautions taken to avoid dust
inhalation at the mills are effective. A more complete study will be undertaken
in 1982.

RESUME

L'auteur de ce rapport se penche sur les niveaux de rayonnement associes aux
operations des usines de concentration de 1'uranium, en particulier a la
production de concentre d1uranium (yellowcake). Jusqu'a maintenant, on ne
s'est pas beaucoup arrete a la reglementation des usines d'uranium, parce que les
niveaux de rayonnement y etaient generalement faibles et les problemes de sante
au travail, pratiquement inexistants. Maintenant que nous connaissons mieux
les effets possibles des rayonnements faibles, on tente de plus en plus de
minimiser les niveaux auxquels sont exposes les travailleurs sous rayonnements.
La CCEA travaille a 1*elaboration de nouveaux rSglements en tenant compte
des recommandations de la Commission Ham, du Select Committee de 1'Ontario
Hydro et de la Commission Internationale de protection radiologique, pour n'en
citer que trois. Ses activites deboucheront sur un renforcement general de la
reglementation.
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Actuellement, l'accent est mis sur l'amélioration des méthodes de contrôle.
Au début de 1982, le programme de dosimétrie gamma aura été appliqué à tous
les travailleurs des mines et des usines d'uranium. On cherche aussi à mettre
au point une technique qui permette de déterminer avec plus de précision
l'exposition aux produits de filiation du radon. Ce programme d'études devrait
prendre fin d'ici 1985. Il est prévu que, dès 1982, on sera mieux à même de
contrôler et d'évaluer les niveaux de produits de filiation du thoron dans
les mines .et usines d'uranium. On compte inclure le rayonnement dû à ces
produits radioactifs dans le calcul d'un coefficient d'expositions mixte pour
chacun des travailleurs.

Il faudra poursuivre les travaux en vue de déterminer la quantité d'irradiation
interne à laquelle les travailleurs sont exposés. Dans la plupart des usines,
l'inhalation de poussières de concentré d'uranium présente le risque le plus
sérieux pour les poumons.

Des programmes sont en cours pour mieux contrôler et évaluer l'inhalation de
poussières d'uranium. D'après les résultats des premières études, les
précautions prises actuellement dans les usines pour éviter l'inhalation sont
efficaces. Une étude plus complète débutera en 1982.
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INTRODUCTION

Very little attention was given to the regulation of uranium mills by the Atomic

Energy Control Board prior to 1974. The ore grade treated by Canadian mills in

the past was in the order of 0.08 - 0.3Z U and it was not difficult to keep the

exposure of workers well below regulatory limits. Furthermore, uranlun milling

has also been substantially free of occupational illness because environmental

control has been generally satisfactory^1).

The discovery of higher grade ore bodies in Canada has resulted in higher

radiation levels in one mill and this has partly contributed to a need for

increased radiation monitoring in the mill. In addition, as greater insight is

gained on the effects of radiation, the implementation of the ALARA principle is

being stressed at all mills.

The concept of ALARA was emphasized by the ICRP (International Committee for

Radiological Protection) in 1977 and stands for "as low as reasonably

achievable". It is based on the premise that no proven threshold for potential

effects of radiation exists and that the actual individual exposure should

therefore be kept as far below the regulatory limit as possible, economic and

social factors being taken into account.
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The main sources of radiation to which sill workers are exposed are:

(a) radon daughters which are controlled by ventilation;

(b) gamma radiation which is normally less than 0.5 mrem/hr but can be as high

as 3 nrea/hr in the vicinity of aged yellowcake, and such higher should

radioactive elements concentrate in process equipment, or if the radioactive

portion of the ore is concentrated before processing;

(c) internal radiation caused by inhalation or ingestion of yellowcake dust, or

high grade uranium ore dust;

(d) beta radiation Mainly originating from 234jh, 234pa th e first two

decay products of 238Q. Freshly precipitated uranium concentrate is

relatively free of these decay products. However 50X equilibrium with

234Th and 234Pa is reached in 24 days and full equilibrium in

approximately 6 months.

RADON DAUGHTERS

In a recent paper^2), A . B . Dory has outlined the aaln concerns relating to

the health and safety of workers in uranium mine facilities which led to the

AECB assuming a more active, direct role in the regulation of uranium mining and

milling in 1974. The first task of the Board w o to establish a limit for

exposure of mine-mill workers to radon daughters. An Interim limit of 4 WLM was

set in January 1976, and after a thorough review of data from the U.S., Sweden,

France, Czechoslovakia and Canada, the 4 WLM annual exposure limit for radon

daughters was put Into the Atomic Energy Control Regulations in January 1978.

The precision of radon daughter exposure monitoring la 1978 was not satisfactory

and one of the Immediate objectives of the AECB was to investigate and promote

better exposure monitoring^).
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The present method of determining radon daughter exposure is covered in

Regulatory Document R-4 and consists of their measurement in various locations

(grab sampling) by the Kuznetz or equivalent method, and calculating the

exposure of each worker based on his exposure time in each workplace. Each

worker's exposure is calculated on a monthly basis to ensure that no worker

exceeds regulatory limits which have been 2 WLM per quarter and 4 WLM per year.

However there always has been uncertainty in estimating an individual's exposure

with this technique, and this has led to the development of personal alpha

dosimeters. Subsequently the use of alpha dosimeters for radon daughter

determination was introduced late in 1980 at the one mill Where high grade

uranium ore is processed as a condition of their licence. Other mine-mill

facilities will be phasing in personal alpha dosimetry on an experimental basis

for both radon and thoron monitoring in 1982, with the possibility of full scale

implementation by 1985 if demonstrated to be necessary. Initially the alpha

dosimeters will be tested in underground mines, or in mills associated with open

pit mining. The concentration of radon daughters can be much better controlled

in a mill and it is likely that an improved area monitoring technique will be

adequate for the processors of low grade uranium ore.

GAMMA RADIATION

The question of gamma radiation was the next problem the Board decided to

address. A target date of December 31st, 1980 was set for full

implementation of a personal gamma dosimetry program.

The program did not get under way until mid-1981 and there has not yet been

sufficient time to accumulate any significant data. Aside from the high grade

uranium ore processor, it is expected that the gamma radiation levels in the
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mills will be well below regulatory levels and la the majority of cases will not

exceed levels set for the general public.

This Is not the case for the high grade uranium ore producer. Although It ie

possible to keep the average gamma exposure well below the regulatory limit,

there Is the potential for high gamma exposure In the mill, particularly when

process upsets occur. To monitor personnel more carefully for gamma radiation

and control the gamma exposure absorption rate each employee is issued a pen

type lonizatlon chamber dosimeter on a daily basis. In addition to this pen

type dosimeter, thermoluminescent dosimeter plaques (TLD's) are Issued to each

worker on a monthly basis. With some of the fields encountered it became

theoretically possible to exceed the annual regulatory limit in 1 month's time.

With the daily check on gamma exposures it was possible to take corrective

action before high exposures occurred. It vas also found that TLD's were

subject to contamination In the high grade ore environment and that this

resulted in exceptionally high radiation exposures to the TLD rather than to the

employee. Needless to Ray these high readings caused alarm amongst employees

and the producer until the matter was resolved.

The 4 WLM/year radon daughter and 5 rem/year gamma exposure limits In the

present regulations apply separately. The new system as recommended by ICRP

would limit exposure by the use of a formula with the various forms of radiation

combined. .A simplification of the formula would be as follows:

Ec -

where Be • Combined exposure factor from various forms of radiation

Ex • Exposures to Individual forms of radiation present

Lx • Annual Limits for the different forms of radiation present
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In the proposed regulations the annual limits for radon daughters and ganma

radiation are 20 mJ (5 WLM) and 50 mSv (5000 mrem) respectively.

Therefore if the gamma exposure is 15 mSv/yr the allowable exposure for radon

daughters from the above formula will be:

222Rn daughters(mJ) + 15 (mSv) j
20 (mJ) 50 (mSv)

222Rn daughters - 14 mJ (3.5 WLM)

The Board recognizes the need for more investigation into the thoron daughter

and uranium bearing dust contribution to the combined radiation exposure.

Emphasis is being placed on minimizing this contribution as much as possible.

The limit proposed for thoron daughters will be 60 mJ in the new regulations, or

3 times the radon daughter limit.

INTERNAL ALPHA RADIATION

Alpha particles are generally only harmful to an individual as internal

radiation. The main source of alpha radiation in a uraniun mill is the final

uranium concentrate product (yellowcake). Inhalation cf this material as

respirable dust will subject the lung to risk of cancer. Annual limits of

intake are specified in ICRP publication 30.

For exanple the annual limits set by ICRP for 238p are 5 x 10* Bq for

class D compounds, 3 x 10* Bq for class W compounds and 2 x 10* Bq for Class

Y compounds. The terns D, W, and Y are defined in ICRP Publication -30 and
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refer to the retention of Inhaled radioactive material in the pulmonary region.

The classification applies to a range of half times for D of less than 9 days, W

from 10 to 100 days, and for T greater than 100 days.

Methods of measuring this internal dose are quite complex and it would be

preferable to measure only those workers who are suspected of having been

exposed to yellowcake dust. It is therefore Important from both a health and

regulatory point of view to isolate the yellowcake area from the rest of the

Plant and control access to that area.

A routine urinalysis program is also necessary to double check that workers have

not inhaled ingested or absorbed significant amounts of uranium. In most

uranium mills the most important component in radiation exposure is the

inhalation of uranium concentrate. The uranium bearing dust is normally

associated with yellowcake, except for one mill where high grade uranium ore is

processed. The effect of Inhalation of ore dust or concentrate on the total

dose is an area that has not received sufficient attention^). In 1980 a

program was initiated involving "in vivo" measurement of the thorax burden of 79

employees from 3 uranium mills'^). From this work it was concluded that

radiation exposure of the lung is not a major hazard in the 3 uranium mills that

were investigated. It should be noted however that yellowcake inhaled by the

subjects for this study was Class D material. That is, it was estimated to be

readily voluble in lung fluid.

Further studies are planned for mills producing a more refractory yellowcake (Y

compound). The tern yellowcake persists even though In some mills high

temperature calcining has converted the yellow ammonium dluranate to a black

oxide.
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At least one mill Is converting ammonium diuranate to black oxide (UJOQ) »t

temperatures In axcesa of 500*C. It la suspected that Inhalation of this

material will result In longer retention time In the lung as either a class W or

class T compound. Fortunately, dust control is excellent at this nill as the

yellowcake drying, calcining, and packaging areas are isolated fron the rest of

the plant. Personnel entering this area are outfitted with respirators and

disposable coveralls, amongst other protective equipment. ' With these

precautions, the average level of uraniun detected In urine for mill workers is

7 micrograns per litre. As yet no attempt has been made to determine thorax

burden. In a recent report by J.R. Johnson^) c ne activity and mass of

natural uranium In lungs that will result in a dose rate equal to the annual

limit on do8e(6) is 26 mg natural uranium.

Further work aa planned on measuring or estimating amounts of uranium inhaled by

workers. Of the 79 workers tested for thorax burden less than half had a

detectable thorax burden, and none had a burden over the 26 mg limit. On the

high side there were 4 workers who had thorax burdens ranging between 11 and 14

milligrams of uranium.

Eventually it will likely be necessary to carry out area sampling of respirable

uranium dust and calculate the maximum possible committed dose received to

individuals based on their occupancy time in various parts of the mill.

The inhalation of high grade uranium ore dust Introduces material that would

likely fall In the T classification (least soluble) with respect to retention

time in the lungs. It has been reported*7* that the 23OTh/23*u

radioactivity ratios Increase from 1.0 to 2.5 after 8 weeks of exposure and

Increased to 9.2 by four months after cessation of exposures. Some difficulty
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can therefore be predicted with respect to estimating radiation exposures based

on the quantity of uranium ore dust Inhaled. However, this concern is limited

to only one mill, and the availability of "in vivo" counting facilities with

which to make direct measurements of lung burdens offer an alternative method of

calculating lung dose. A limited study recently carried out on mill workers

from this mill indicated low thorax burdens.

Radioactive dusts such as yellowcake and ore dust can be controlled by adequate

ventilation, automated equipment, and good housekeeping and work practices.

Some of the equipment used for this purpose dates back to 1955 when regulations

were less restrictive. Modifications to this equipment have made it acceptable

to the Board. However, in the design of new mills dust suppression should be

paramount when choosing equipment for crushing and grinding ore, and for

yellowcake production.

RESPIRABLE QUARTZ

On March 20, 1979, the AECB issued a draft proposal which recommended limiting

the exposure of workers to 12 Dust Level Months where

(a) one dust level month is defined as the exposure resulting from the

inhalation of air containing one dust level (1DL ) for one working month, where

one working month equals 170 qorking hours and

(b) one dust level is a concentration of 0.2 milligrams of respirable quartz in

1 cubic meter of air.

Since the draft was issued considerable more background information has been

obtained on the health effects of workers exposed to respirable quartz. The

draft proposal of 1979 will be followed up by a Consultative Document in 1982.
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Mill workers are also exposed to respirable quartz, as large quantities of ore

dust may be produced in the crushing and screening operation of a mill.

The silica presents more of a health problem than the uranium contained in the

ore. This would not be so for the high grade uranium ore processor where the

uranium should be controlled below 0.075 mg U/nr.(8) uranium ore dust

containing 2 3 % is in near secular equilibrium with all daughters of the

decay chain including the alpha emitters 234U, 230Th, 226Ra,

222Rn, 2l8Po, 2l4Po and
 2l°Po.

BY-PRODUCT PRODUCTION

At this particular time Canadian uranium mills are mainly concerned with uranium

recovery and are not attempting any by-product production. However, in the

1960's recovery of thorium and yttrium was undertaken in the Elliot Lake

area. There is the possibility of such circuits being reactivated in the

future. Development work is also underway on recovering metal values from high

grade tailings in Saskatchewan. From a chemical processing point of view, these

operations are straight forward but could introduce additional radiation

problems. With the present circuits the bulk of the 2 3 % decay series with

the exception of 238U, 23*U and 235U are discharged with the

tailings along with the 23^u and 232Th progeny. Once new processes are

developed it is conceivable that some of the short lived daughters will

concentrate in process equipment. This doe6 happen to a limited extent now with

high activity reported in ion exchange elution columns at one mill. Radium and

lead sulphate also have a tendency to scale on the digestion pachucas. Radium

sulphate is precipitated with barium sulphate and settles in the bottom of

processing tanks. All of the above examples increase the gamma radiation level
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. in the mill. Recovery of thoriun as thorium oxide would lead to more severe

* radiation problems. The annual limit on intake recommended by ICRP for

1 232Th is 100 Bq for class Y but only 40 Bq for class W Th Compounds. This

works out' to a derived air concentration of 0.04 Bq/m for class Y and 0.02

I Bq/m3 for class W 232Th. The maximum permlssable dust level expressed as

thorium would have to be controlled to less than 5 ug/nr. How much less would

1
• depend on the level of the other thorium isotopes present.

1
I

New AECB regulations, to be issued in the near future will reflect the

1 recommendations of the ICRP. The system of dose limitation now recommended by

m the Commission takes account of dose to all body tissue irradiated following an

intake of radioactive material and an exposure to external radiation, instead of

I only considering the dose to the critical organs as previously. The regulations

also reflect the recommendations of the Ham Commission'^) which include

| "That the Atomic Energy Control Board review the basis for and issue explicit

• regulations establishing the maximum permissible annual exposure to ionizing

radiation for workers in uranium and thorium mills," and: "that the regulations
I for maximum permissible exposure delineate how all significant components of

external and internal irradiation are to be accounted for and indicate how total

I exposure and related dose is to be evaluated."

With the exception of one uranium mill there is little chance of mill workers

I exceeding regulatory radiation limits. Exceptional administrative procedures

are employed at this one mill to ensure that workers do not exceed limits.

I Notwithstanding, since no proven threshold for potential health effects of
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I radiation exists, the average should be "as low as reasonably achievable, social

" and economic factors taken into consideration" (the ALARA principle).

I
One place where improvements can be made In uranium mills is In containment of

g dust.. To minimize uranium dust contamination, it is essential to practice good

_ housekeeping in addition to having efficient dust enclosures and exhaust

' ventilation. Respirators and protective clothing should be made available for

M those working in the final packaging station, er any other area where the dust

concentration in the air is likely to exceed a value specified in the licence.

| This value may vary depending on the type of uranium (class D, W, or Y)

suspension in the air. To ensure that personal hygiene habits are not neglected

* all uranium aills must carry out a regular program of urine sampling of

U workers/10) in accordance with AECB regulatory guide R-5.

1
I
I
I
I
I
I
I
I
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I
DEFINITIONS

VI L. A MEASURE OF THE CONCENTRATION OF RADON DAUGHTERS IN AIR.
IT IS ANY COMBINATION OF SHORT LIVED RADON DAUGHTERS
RaA, RaB, RaC, RaC1) IN ONE LITRE OF AIR THAT WILL RESULT
IN THE EMISSION OF 1.3 X 10 5 NeV OF ALPHA ENERGY DURING

I THEIR RADIOACTIVE DECAY TO RaD.

I

| 1.3 X 105 MeV IS DERIVED FROM THE ALPHA ENERGY RELEASED
BY THE TOTAL DECAY OF THE SHORT LIVED RADON DAUGHTERS

I IN RADIOACTIVE EQUILIBRIUM WITH 100 pCi OF Rn 222.

WLM THE EXPOSURE RESULTING FROM WORKING IN A CONCENTRATION
OF 1 WL FOR 1 MONTH, 2 WL FOR 1/2 MONTH, ETC. THE MAXIMUM
PERMISSIBLE EXPSOURE OF 4 WLM PER YEAR WOULD RESULT FROM
12 MONTHS AT 0.33 WL. 10 MONTHS AT 0,4 WL. 1 MONTH AT
4 WL, ETC. THE MONTH IS A WORKING MONTH WHICH CONSISTS

OF 170 HRS.

1 WLM IS EQUIVALENT TO 4.2 X 10"3 JOULES

4 WLM IS EQUIVALENT TO 1.7 X 10"2 JOULES

5 WLM IS EQUIVALENT TO 2.1 X 10"2 JOULES



Simplified Uranium Series Simplified Thorium Seriea

Historical Half a Energy
Symbol* Name Life . NeV

Historical Half
Symbols Name Life

a Energy
MeV

••

'"f
">

H
2l.j

b

1

o

b

Uranium

Radium

Radon

RaA

RaB

RaC

RaC1

RaD

4.5 x 10*y

1.6 x 103y

3.8 D

3.05 M

26.8 M

19.7 M

1.6 x 10""s

22y

4.15
4.20

4.60
4.78

5.49

6.00

-

5.45
5.52

7.69

-

(25Z)
(75Z)

( 6Z)
(94Z)

(100Z)

(100Z)

(0.011Z)
(0.008Z)

(100Z)

2 32 T h

•

22*Ra

22DRn

- J o
b

2 1 2 B ' I

*»p o
2OaPb

Thorium

Thorium X

Thoron

ThA

ThB

ThC

ThC1

ThO

1.4 x 10l°

3.64 D

55 S

0.15 S

10.6 h

60.5 M

3.04 x .10"7S

Stable

3.95
4.01

5.45
5.68

6.29

6.78

—

6.05
6.09

8.78

—

(24Z)
(76Z)

( 6Z)
(94Z)

(100Z)

(100Z)

(25Z)
(102)

UOOZ)

TABLE 1 Abbreviated 23flU and 232Th Decay Series

Inhalation of RaA, RaB, RaC will all decay in
lung through RaC1. Short half lives indicate
that most of cha ionising radiation will be
abaorbad by tha lungs.

Inhalation hazard of thoron daughters is almost
entirely dependent on the air concentration of
212Pb (ThB). 2l2iead will clear from the lung
before completely decaying to a emitting daughter
products.



TABLE 2: ANNUAL LIMITS OF INTAKE AND DERIVED

RADIONUCLIDE
2 3 4u
2 3 8u

ALI
DAC

ALI
DAC

ALI
DAC

AIR CONCENTRA1
URANIUM (ICRP

CLASS D

5 x l O 4

2X101

5xlO4

2X101

riONS FOR ISOTOF
3 0 P T 1 )

CLASS W

3xlO 4

lxlO 1

3 x 104 •
lxlO 1

ANNUAL LIMITS ON INTAKE (Bq)
DERIVED AIR CONCENTRATION Bq/*3

'ES OP

CLASSY

l x l O 3

6 x 1O"1

2xlO3

7 x 1O"1

(40 HR WEEK)

TABLE 3: ANNUAL LIMITS OF INTAKE AND DERIVED
AIR CONCENTRATIONS FOR ISOTOPES OF
THORIUM (ICRP 30 PTI)

RADIONUCLIDE

'ALI
DAC

ALI
DAC

ALI
DAC

CLASS W

ixlO
2 x lO"2

2xlO2

lxlO"1

CLASS Y

l x l O 2

4 x 10"2

6 x l O 2

2 x lO"1

ANNUAL LIMITS ON INTAKE (Bq>
DERIVED AIR CONCENTRATION Bq/-3 (40 HR WEEK)



"KNOW HOW MUCH OF AN EVIL OUGHT TO BE
TOLERATED LEST BY ATTEMPTING A DEGREE
OF PURITY IMPRACTICAL, ONE SUCCEEDS
ONLY IN PROVIDING NEW CORRUPTIONS."

EDMUND BURKE


