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SOME ELEMENTARY CONCEPTS OF RADIATION HEALTH AND SAFETY
IN UNDERGROUND URANIUM MINES

by

J. Bigu*

ABSTRACT

Some elementary concepts of radiation health and safety in

underground uranium mines are discussed. This report reviews the main

radiation sources which contribute to the contamination of mine atmospheres

and, hence, to the exposure of mine workers. A brief discussion of the

biological effects of ionizing radiation, with special reference to radon

and its progeny, is followed by the introduction of the presently accepted

radiation indexes for radiation hazard (WL) and radiation exposure (WLM).

Finally, a succinct review of the available techniques for radiation control

and monitoring in underground uranium mines is complemented by a discussion

of various methods of personnel radiation protection, including the use of

respirators, job rotation, personnel dosimetry and medical surveillance.

* Research Scientist, Elliot Lake Laboratory, Mining Research Laboratories,
Canada Centre for Mineral and Energy Technology, Department of Energy,
Mines and Resources, Elliot Lake, Ontario.
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1. INTRODUCTION

Humans, animals and plant vegetation are continuously exposed to

ionizing radiation from natural and man-made radioactive sources. Although

exposure to ionizing radiation can be beneficial, it can also pose a potential

threat to human health.

Individuals continually receive a dose from natural radiation that

comes from sources external to the body and from naturally occurring

radionuclides deposited within the body. The external sources are primarily

cosmic radiation and gamma radiation from materials naturally present in the

ground and building materials. From foods, drinking water and in the air,

several radionuclides are deposited in the body including uranium and its

decay products, thorium and its decay products, radiopotassium ( K) and

radiocarbon C*Q .

In addition to radiation from natural sources, environmental radiation

from man-made sources also contributes to the total dose to which humans are

exposed to. This dose comes from a wide variety and type of sources

including: industrial use of radionuclides; fall out from nuclear weapons

testing; effluents from nuclear installations (e.g., nuclear reactor power

stations) and other facilities processing or using radionuclides; electronic

devices, such as TV sets using high voltages; luminous signs and dials of

clocks and watches; and medical irradiation facilities for therapeutic

purposes. Furthermore, personnel radiation exposure can be of occupational

origin, and can arise from practically every type of radiation and radiation

source. The major groups of occupationally exposed personnel are workers in

the expanding nuclear field, including medical and para-medical staff, and

uranium mining and refining industries. Although succinctly, this report



deals with several aspects of radiation health and safety in underground

uranium mines including: natural radiation sources in underground mines;

biological effects of radiation; control of radiation in uranium mines;

protection of uranium miners from radiation exposure; and personal dosimetry.

2. THE NATURAL RADIATION ENVIRONMENT IN UNDERGROUND URANIUM MINES

Qivironmental radiation hazards in underground uranium mines mainly

arise from radionuclides members of two natural radioactive chains, namely

the uranium (U-238) and thorium (Th-232) decay series, present in rocks in

variable amounts. (Note: A radioactive decay chain is defined as follows:

A radionuclide (parent) transforms into another radionuclide (daughter), with

the emission of characteristic ionizing radiation, which in turn undergoes

radioactive decay, and transforms into yet another kind of atom. This process

may continue through a chain of radionuclides, each parent atom when it decays

with its characteristic half-life, giving birth to a radioactive daughter

atom of a different element, until finally a stable element is reached. For

the U-238 and Th-232 decay series the stable elements are respectively,

Pb-206 and Pb-208.) Figs. 1 and 2 show, respectively, the complete U-238 and

Th-232 radioactive decay chains. Figs. 3 and 4 are simplified versions of

Figs. 1 and 2, and show the most relevant radioisotopes, from the health

standpoint, found in underground uranium mines. For the U-238 decay chain

those include radium (Ra-226) and its short-lived decay products (daughters):

Po-218 (RaA), Pb-214 (RaB), Bi-214 (RaC) and Po-214 (RaC). The decay mode

(i.e., a, B or y emission), energy of the radiation emitted and half-life of the

main components of the U-238 chain are given in Table 1. For the Th-232 decay

chain the main radioisotopes from the health hazard standpoint are: thoron

gas (Rn-220), Po-216 (ThA), Pb-212 (ThB), Bi-212 (ThC), and Po-212 (ThC1)-



Ra-226 and Ra-224 in uranium bearing rocks decay respectively to the

highly inert radioactive gases Radon (Rn-222) and thoron (Rn-220), which

diffuse out of mine walls into mine air where they further decay into their

corresponding short-lived daughters.

From the above one can surmise that the radiation environment in an

underground uranium mine is highly complex and variable. A uranium miner is

exposed both internally and externally to various kinds of radiation,

including a-, (3- and y-radiation, of different energies (See Figs. 1 to 4 and

Table 1). External exposure originates from mine walls, muck piles and

airborne dust. Due to the short range of ra-particles in air, only B and,

most importantly, y-radiation are of interest from a biological standpoint.

Internal exposure originates from the inhalation and ingestion of airborne

radon and thoron gases and their decay products, and Ra-226. Contrary to

external exposure, internal exposure from a-particles is by far the most

important contribution to the total internal radiation dose. 3-particles are

next in importance. The reason for this will be discussed below.

3. BIOLOGICAL EFFECTS OF IONIZING RADIATION

Irradiation of humans produces two types of effects: somatic and

genetic. The somatic effect is the effect on tissues, organs or whole body.

Independent of any somatic effect, irradiation of the gonads may also cause

genetic effects as heritable changes (mutations) in the germ plasm may occur.

The interaction of a, B and y radiation with matter is by knocking

electrons out of atoms, i.e., by ionization. For that reason a, B, and

Y-radiation are also referred to as ionizing radiation. This is so because

the energy with which a and 3 particles and y-radiation are emitted from the

nucleus of radioisotopes is considerably higher than the ionization potential



of atoms or of any known interatomic or molecular binding force. As the

number of electrons in the outer electron shell determines the chemical

properties of atoms and molecules ionizing, radiation affects the chemical

and physical properties of relevant biomolecules (e.g., aminoacids, proteins,

DNA) regarded as the building blocks of living matter. Ionization of

biomolecules, or chemical components thereof, can affect their chemical

reactivity and hence their synthesis and synthesis of (or into) other more

complex biomolecules. This can result in deleterious effects on cell

reproduction and cell damage which in turn can lead to abnormal tissue growth,

i.e., tumour and cancer.

The biological effects of ionizing radiation depends, amongst other

things, on the part of the body which has been irradiated; kind of ionizing

particle (e.g., a- and/or B-particles) or ionizing radiation (e.g., y-rays)

to which the individual is exposed; energy of the particle or radiation;

dose rate; dose history; and total dose received by the exposed part of the

body, or whole body.

For underground uranium mines, and unless very high uranium grade ores

are mined, the major contribution to the total dose received by uranium miners

comes from internal exposure to a-particles from inhaled airborne radon

daughters (RaA and R a C ) . (The role of thoron daughters is still unclear

due to lack of pertinent information.) Thus the major radiation health

hazard in underground mines is internal exposure of the respiratory system to

a-particles.

A fraction of airborne radon daughters are found as free ions

(unattached fraction) while the rest are attached to aerosols, dust, fumes,

smoke, and so forth (attached fraction). Inhaled radon daughters are

deposited on the tissue of the respiratory system where they decay by



a-emission causing tissue damage. Radon daughters are removed

from inhaled mine air and deposited in the respiratory system by inertial

impaction, gravitational settling and diffusion.

The probability of inertial deposition (p) increases with the particle

size, and the following values have been predicted for certain models (1):

p = 1% (1 Mm), p = 10% (3 Mm), p = 20% (5 Mm), p = 33% (7 Mm) and p = 50%

(10 Mm). Hence inertial deposition becomes important for particles of size

greater than 3 Mm. Gravitational settling is significant when the particle

size is greater than 0.5 Mm, where the air flow is slow, and where larger

transit time exists. Diffusion by Brownian movement becomes significant at

small particle sizes, and at sizes below 0.1 Mm Brownian diffusion predominates.

Particles larger than 30 Mm rarely gain access to the respiratory system;

they are retained in the nose. Thus for practical purposes particles of 10 Mm

are the largest which enter the respiratory tract.

Predictions of the deposition on the respiratory system of radioactive

aerosols and dust can be made based on the characteristics of particles of

different sizes and the extensive amount of available physiological data on

breathing frequency, tidal volume, and minute volume. As airborne radon

daughters are found in unattached form (submicron size particles) and attached

form (micron range particles), their diffusion, impaction and settling

characteristics differ substantially and deposit, therefore, on different

parts of the respiratory system. The unattached fraction is efficiently

deposited on the upper tract of the respiratory system (nasopharynx and

bronchial tree) on account of its high diffusion coefficient (D -0.05 cm /sec)

while the attached fraction is effectively deposited on the pulmonary region

(D ~ 10-G cmz/sec).

A fraction of the particles deposited on the respiratory system are



eliminated by two mechanisms known as respiratory clearance and translocation.

Respiratory clearance refers to the transport of materials out of the

respiratory tract by ciliary action. Translocation refers to the movement of

materials to other body tissues.

If an individual is continuously exposed to mine atmospheres of high

radon daughters concentrations, the dose imparted to the respiratory system

may eventually be high enough to induce irreversible biological effects in

tissue, such as cancer of the lung. Although Rn-222 is an a-emitter its

contribution to the total dose to the lungs is small (about 5%) compared with

the short-lived radon daughters RaA and RaC' on account of its inert chemical

nature, short residency time in the respiratory system and relatively long

radioactive and biological half-lives. However, some radon will dissolve in

body fluids and get into the blood stream where it, along with those daughter

products formed by its decay inside the body, can result in the irradiation

of various organs. These doses are, however, small compared to the dose to

the lung from the inhaled daughter products.

The potential threat that the inhalation of radon daughters poses to

the health of underground uranium miners has been recognized for almost five

decades. In 1933 it was considered for the first time that radon gas in mine

air might be the cause of excessive incidence of lung cancer among miners.

Later studies of uranium miners working in mines on the Colorado plateau

showed what seemed to be a strong correlation between exposure to short-lived

radon daughters and the incidence of lung cancer. Similar studies in Canada

(Ham Commission's report (2)) of the 15094 persons who worked one or more

months in Ontario uranium mines from 1955 to 1974 showed that 81 persons died

of lung cancer, whereas only 45 lung cancer deaths would have been expected

amongst this population had they not worked in uranium mines. Most of the



deaths occurred among miners who were exposed before 1958, when the mine

ventilation was poor by today's standards and the radon daughter concentration

in air was, therefore, considerably higher than in today's mines. The chanco

of contracting lung cancer increases with the radon daughter concentration and

exposure time.

Attempts have been made to repeat in experimental animals the

induction of lung cancer in human beings exposed to radon decay products. The

purpose has been to develop a better basis for setting exposure standards for

uranium miners by determining whether factors such as ore dust and cigarette

smoking acted with radon daughters to enhance the onset of cancer. Pulmonary

neoplastic lesions have been observed in hamsters and dogs exposed to radon

daughters and ore dust. Malignant lung tumours were frequently observed in

rats exposed to radon gas and its progeny. Dogs and rodents chronically

exposed to radon daughters and ore dust developed squamous cell carcinomas

and adenocarcinomas. In general, it was observed that uranium dust had little

influence on the tumogcnic process, and that relatively high exposure to radon

decay products over a few months early in life was most likely to induce lung

cancer than a lower exposure given throughout the total life-span of the

animals. Deleterious biological effects were induced at exposure levels of a

few hundred to a few thousands WLM, a unit which will be explained below.

For an account on the biological effects of radon and its decay products on

animals see ref (3).

There is some experimental evidence that indicates that some physical

and chemical agents can enhance the effect of radiation, i.e., synergistic

effect. Thus silica dust and smoking can substantially increase the chance

of contracting lung cancer. An index of the hazard associated with the

exposure of humans to radon and its decay products has been defined, and is



discussed below.

4. INDEX OF RADIATION HAZARD AND EXPOSURE FROM RADON DAUGHTERS

An index of the hazard from exposure of uranium miners to radon gas

and its short-lived daughters has been defined and is known as the Working

Level, WL. The WL is defined as any combination of the short-lived decay

products of radon (RaA, RaB, RaC and RaC1) in one litre of air which will

result in the emission of 1.3 x 10s MeV of a-energy. (A radon gas concentration

in air of 100 pCi/L in equilibrium with its daughter products is equivalent

to 1 WL).

The exposure to ionizing radiation is usually expressed in terms of

the amount of radiation absorbed in body tissue (the unit is the rad) multiplied

by a quality factor that takes into account the relative biological

'effectiveness' of the radiation (known as rbe). This product is expressed

in reins:

reins = rads x rbe Eq. 1

However, the radiation dose delivered to the lung by inhaled radon daughters

is very uncertain and the rem is, therefore, not an appropriate unit for

measuring exposure to radon daughters.

The shortcoming of the rem as a unit of exposure has been partly

overcome by defining another unit known as the Working Level Month, (WLM)

which is expressed in terms of the index of radiation hazard, i.e., the WL,

and the exposure time. 1 WLM corresponds to the exposure to 1 WL mine air

during 170 working hours (170 hours being equivalent to one working month).

Studies conducted in several countries including Canada, the U.S.A.,

Australia and Czechoslovakia suggest a maximum exposure of 4 WLM per year

(which corresponds to an exposure to a concentration of 0.33 WL for a period



of 12 working months, 12 x 170 hours) as an acceptable limit of exposure to

radon daughters. The WLM as a unit of exposure has not yet been universallv

accepted. The ICRP (International Committee for Radiological Protection)

recommends a formula which includes a maximum permissible concentration (MPC)

for radon although this formula is now under review (4).

When the grade of the uranium ore is very high the above limits do

not apply any longer as the exposure to y~radiation external to the body must

also be taken into account. An expression that takes y-radiation into account

has been proposed (see ref. 5):

R + WLM < 5 Eq. 2

where R stands for Y~dose in rem/yr and 5 in the above expression is the

maximum Y-dose for whole body exposure (i.e., 5 rem/yr).

5. CONTROL OF RADIATION IN UNDERGROUND URANIUM MINES

Due to the deleterious effects of radiation good quality mine air

should be provided to each working area in underground uranium mines to

ensure that the cumulative exposure of the miners to radon daughters does not

exceed the prevailing annual standards, i.e., 4 WLM (See also Eq. 2).

Underground control of radiation in uranium mines can be accomplished

by the combined action of several methods, namely by improving mine planning

and mining methods, and by ventilation, filtration, source isolation, source

diversion and air cleaning.

5.1. MINE PLANNING AND MINING METHODS

The influx of radiation contaminants in mine environments can be

minimized by adequate mine planning and by improving mining methods, for

example by following the suggestions below:

(a) Areas worked out should be effectively sealed. The number of



10

connections with development openings and the number of seals required

should be kept to a minimum. Furthermore, the seals should be able to

withstand concussion from blasting and be relatively air tight. When

possible a n -&•* ^ p.ensure behind the sealed areas should be

maintained to discourage leakage of radioactive contaminants into

intake air.

(b) Main intake airways should not be driven in .".he orebody.

(c) Ore aeration and agitation should be kept to a minimum as these operations

increase the release of radon gas from uranium ores. Since the amount

of gas release by the ore also increases with the exposed surface area,

ore overfragmentation and overblasting should be avoided as much

as possible.

(d) As ground water dissolves radon that is later released into the mine

atmosphere, open agitation of ground water should be avoided. toreovcr,

large quantities of ground water should not be used for drilling and

wetting unless its radon content has been found to be acceptably low.

If the water constitutes a significant source of radiation contamination,

underground drainage ditches should be enclosed in pipes.

(e) Inactive areas can be large sources of radon. Such workings should be

closed off by stoppings or other means. Leakage from these areas should

be minimized by adequate seals.

5.2. VENTILATION

Ventilation is a very effective method of controlling radiation levels

in underground environments. An increase in the ventilation rate by a factor

of 2 brings about a decrease of the WL by a factor v4 (Sec Eq. 3 below).

Ventilation dilutes radon gas and its daughter products and also limits

ingrowth time for the daughters.
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The chief difference between ventilating a uranium mine and any other

mine is that in the first case the contamination hazard increases with the

age of air, i.e., with time. Because of this the use of straight series

ventilation is desirable. This method provides a better control of radon

and its daughter products as the intake air can be distributed through each

working section in the quantity required, and the total volume and pressure

requirements can be minimized. In addition, the return air from each section

is exhausted from the mine and does not contribute to the contamination of

other working places.

Quite often secondary ventilation is also used to provide extra

ventilation to areas inadequately ventilated by the primary system. Blowing

fans with tubing are most widely used to lower excessive radiation levels in

face areas. It is important to correctly apply secondary ventilation systems

in order to avoid air recirculation.

An approximate expression that enables the calculation of the air

requirements to lower the WL in a given area of the mine is given by (6):

V2 = Vi (WLi/WL2)
0> 56 Eq. 3

where Vi and WLi are, respectively the measured air volume (L/min) and WL at

the location of interest, and V2 and WL2 are, respectivelv. the required air

volume and the desired WL.

The above formula is deceptive as it tends to underestimate the volume

of air required, i.e., V , to lower the WL.

The WL "grown" from a radon gas concentration, [Rn], as a function of

time t (up to 40 min) is approximately given by the following expression (7).

WL(t) = 2.3 x 10"" [Rn] t0"85 Eq. 4
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5.3. AIR FILTRATION

Radon daughters can be removed from mine air by mechanical f i l ters

or by electrostatic precipltators. Radon gas is not removed by the above

methods. Hence, daughter products build-up again and mechanical fi l tration

or electrostatic precipitation provides only temporarily usable air for face

ventilation. Normally, filtered air cannot be used for more than a few

minutes because of the rapid regrowth of radon decay products. Control by

filtration and electrostatic precipitation is only used as a secondary

ventilation aid to primary ventilation systems, as they suffer from high costs

and are mainly used as a matter of expediency.

5.4. SOURCE ISOLATION AND DIVERSION

Next in importance to mechanical ventilation is isolation or diversion

of radon from main air streams to reduce the burden on the ventilation systems.

This kind of source control consists in the closure of abandoned sections, which

continue to emanate radon despite the removal of uranium ore. A more idealized

method of source control from mine walls consists in the use of rock sealants.

However, this method has not yet been found to be feasible on a large scale.

Another way to isolate the source is to blast between shifts as this

allows the radon gas associated with blasting to be exhausted from the mine

prior to starting the next shift.

5.5. AIR CLEANING

Air cleaning is another technique for the control of radon and its

decay products. Air cleaning deserves more attention than it is receiving.

The control of airborne radioactive products by this technique is governed

by Eq. 4.

Finally, another method of control that deserves more attention is

air compression instead of suction, as increasing the barometric pressure

tends to prevent radon gas from diffusing out of mine walls.
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6. RADIATION MONITORING IN URANIUM MIMES

Adequate mine air quality control is attained by underground

monitoring of radiation levels. Proper radiation monitoring prevents

unnecessary risk to underground workers and helps to minimize unwanted

ventilation losses.

ot- and Y~radiation monitoring is common in uranium mines. However,

unless high grade ores are mined only a-radiation needs to be considered.

Radiation monitoring is essentially of two kinds: grab sampling and

continuous monitoring. In the first case a sample is taken and the radiation

level determined. In the second case the air is continuously and automatically

sampled at regular intervals. Continuous monitoring requires highly automated

data acquisition systems, which are expensive. Only a few prototypes are

commercially available.

The radiation variable of interest is in most cases the WL (e.g.,

Canada, the U.S.A.). In some countries (e.g., France) the radon gas

concentration is preferentially determined, from which the WL is then

calculated assuming a certain equilibrium between radon and its daughters.

There are several methods for determining the WL, such as the Kusnetz

method, the modified Tsivoglou and Thomas methods, the Markov and Rolle methods

and methods which use a-spectrometric techniques (8). With few exceptions the

above methods require relatively long waiting periods in order to determine

the WL, making them not very attractive for routine radiation monitoring in

underground environments. In order to simplify underground radiation

monitoring, concepts and techniques have been developed which enable fast

determination (3-5 min) of the WL. Instruments that allow such quick

determination of the WL are commonly known as Instant Working Level Meters (IWLM).

Due to the presence of thoron daughters in some uranium mines in variable
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amounts, the performance of these instruments has so far not been entirely

reliable.

Essentially, the determination of the WL by any of the above methods

consist in drawing a sample of mine air through an adequate filter in order

to trap in it the airborne radon daughters. After a suitable sampling time

and waiting period the sample is counted for a-activity. The most simple

methods require only a single total integral count (e.g., Kusnetz, Markov and

Rolle methods) in order to determine the WL. Other methods (e.g., modified

Tsivoglou, Thomas and spectrometric methods) necessitate several total

cx-counts at several times after sampling. Although more complex, these

methods provide better accuracy for the determination of the WL and enable,

in addition, the calculation of the radon daughters concentrations.

The Kusnetz method is widely used in North America (i.e., Canada and

the U.S.A.). It consists of the following operations: sampling of air for

3 to 5 min, followed by 40 to 90 minutes waiting period and 1 to 10 minutes

a-counting. The expression for the WL after Kusnetz is:

wij QTSKE

where [C/R]net is the net count rate (i.e., background subtracted) in cpm.

Ts is the sampling time in min. Q is the flow rate of the pump used to draw

the sample (L/min). K is the so-called Kusnetz factor which is a function of

the waiting period, e is the counting efficiency of the a-detector used.

The underground radiation level can be controlled by varying the

ventilation rate according to the measured WL. Thus if the WL increases (as

determined, say, by grab-samp li*-g) above the maximum permissible or suggested

level the ventilation can be manually changed until the WL is lowered to the

desired level. However, should this operation fail, then underground

personnel should be automatically withdrawn from the affected working areas.
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It would be desirable to control the ventilation rate to automatically

compensate for underground radiation level fluctuations in working areas.

This could be done by interlocking the ventilation control system with a

radiation level continuous monitoring system in a feedback fashion. The

ventilation could be adjusted to maintain a dasired radiation level or

radiation level range. A departure of the radiation level above or below

the pre-established range would send an electrical signal to the ventilation

system of strength proportional to this departure, which in turn would change

the ventilation rate accordingly to bring the radiation level within the

pre-established range. The sign (i.e., +ve or -ve) of the electrical signal

would indicate an increase or decrease of the underground radiation level

which would cause the ventilation rate to follow accordingly.

There are a few radon gas continuous monitoring systems which could,

in principle, be used in the above design, e.g., the USBM*, Eberline** and

EDA*** systems. However, as the relationship between radon gas and WL is not

straightforward, a WL continuous monitoring system would be preferable from the

radiation protection point of view. To the knowledge of the author, the only

WL continuous monitoring system, still on experimental basis, is the Argonne

National Laboratory IWLM, although substantial efforts to develop other

systems are underway.

Although conceptually simple, the above design would be technically

complex and costly as the ventilation in a mine is not only designed to

reduce radiation levels, but also to remove other air contaminants and agents

such as dust, toxic fumes and so forth.

* U.S. Bureau of Mines (U.S.A.). ** Firm based in the U.S.A.
*** Firm based in Canada.
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7. PERSONNEL RADIATION PROTECTION

Radiological protection of personnel working in underground uranium

mines can be accomplished by active, passive and preventive methods. This

division is somewhat arbitrary and is made for the sake of simplicity.

7.1. ACTIVE METHODS

In high WL working areas radiation hazards can be minimized by using

respirators provided with special filters designed to remove airborne radon

daughters and other radioactive aerosols. The respirators afford approximately

90% protection against radon daughters when properly fitted, worn and

maintained. However, respirators do not protect against radon which is

ordinarily assumed to deliver approximately 5% of the dose delivered by radon

decay products.

Respirators are not recommended as a substitute for strict environmental

control measures. Their application is only for those wishing the added

protection, or where workers must only occasionally enter uncontrolled or

high level environments to carry out temporary duties, such as sampling,

surveying or establishing ventilation.

There is a wide variety of respirator types, including helmet-

respirators. Self-contained or supplied-air masks can be worn where they do

not substantially restrict vision, hearing or mobility. In general, respirators

are impractical for prolonged use because of discomfort and hindrance of

communication. In the presence of excessive radioactive dust adequate

protective clothing is strongly recommended.

7.2. PREVENTIVE METHODS

Undue exposure to radon and its progeny can be minimized by avoiding

areas of high radiation levels and by taking other appropriate measures, such
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as estimating the radiation level (e.g., WL) before beginning work in a

specific area. Due to the fact that underground conditions vary substantially

as a function of time and location depending upon mining operations and

ventilation, this preventive measure (i.e., radiation monitoring) must be

carried out quite frequently.

Permissible levels of radiation exposure are stated in terms of

accumulation over a year, permitting temporary exposure at high rates if

compensated by exposure at correspondingly low rates. This flexibility

suggests another preventive measure for limiting radiation exposure,

namely job rotation. However, personnel specialization among mining personnel

tends to limit job rotation to some extent.

7.3. PASSIVE METHODS

It is of utmost importance to keep accurate records of the history of

total exposure, or accumulated dose, in order to determine whether a given

worker can continue his work or he must temporarily be withdrawn from

underground for having surpassed his maximum 'allowable' radiation dose.

Accumulated dose or total exposure can basically be monitored by two

methods: (a) determination of the WL and knowledge of the person's exposure

time (texp)> a°d (b) personal dosimetry.

In the first case accumulated exposure can be arrived at by calculating

the product:

D = Total exposure = WL x t e X D

Since the WL varies as a function of location and time depending upon

a variety of factors, a more realistic expression for D than the one

given above is:

D = WL x t e x p , or alternatively:

D = £ WLi x ti
i
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where WL represents an average WL. ti and WLi stand, respectively, for the

time spent by the worker in an environment of WLi. The above method is only

approximate and quite often unreliable as WLi, ti or WL and texp are not

accurately known, i.e., lack of pertinent data, etc.

The second method, i.e., personal dosimetry, provides a better and

more accurate means of estimating the total accumulated dose. Personal

dosimeters are worn by the miner, usually in the belt, and travel, therefore,

with him at all times. The dosimeter continuously samples mine air through

a filter where radon daughters are trapped, their decay activity being counted

and accumulated during the sampling period, e.g., a full shift. There are

several dosimeter prototypes depending mainly upon the type of radiation

'detector' used. Basically, there are three kinds of dosimeters:

thermoluminescent dosimeters (TLD), and track etch and 'electronic' dosimeters,

which due to space limitations will not be discussed here.

Personal dosimetry gives a reasonable estimate of radiation exposure

but provides no indication on the location the inhaled and/or ingested radon

decay products are deposited in the body, i.e., spatial body distribution, or

their concentrations. Information of this kind can be gained by a technique

commonly known as whole body counting which consists of the measurement of

y-radiation from the body by means of an array of external gamma detectors

(i.e., Nal (TI), Csl (Ag) or hyperpure Germanium detectors). In the case of

interest here, radioactive body concentrations and body distributions are

obtained by measuring the long-lived radon daughter Pb-210.

However, whole body counting does not provide information on the

damage induced in the body by the inhalation and/or ingestion of radon

daughter products. This kind of data can only be obtained by invasive medical

techniques, such as bioassay. This consists of careful study of body tissue



19

samples to determine the amount of damage caused in tissue by the deposition

of radioactive materials in the body. Finally, a rather useful non-invasive

medical technique used to detect abnormal lung conditions is Sputum Cytology.

At present, however, no routine methods are used in practice and further

medical efforts are required in this field.

8. CONCLUSIONS

The topic of radiation health and safety in underground uranium mines

can be briefly summarized as a problem of:

(a) source identification;

(b) monitoring and control of radiation; and

(c) personnel protection.

By proper monitoring of the radiation environment adequate control by

suitable methods can be realized, thereby minimizing the potential health

hazards to mine workers. Close periodic medical examinations complemented

by whole body counting are suggested to better understand the interaction of

radiation environments and humans exposed to them.
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Thoron decay scheme
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Table I..—Uranium disintegration series

Common name
or symbol

Principal
radiations

Alpha
energy
(mev)

Beta
maximum

energy
(mev)

Gamma-
ray

quanta
per

disinte-
gration

Average
gamma-

ray
energy
(mev)

Half life

Uranium 238
UX,

UX5

Uranium 2 3 4 . . .

onium

Radium
Radon
Radium A
Radium B

Radium C

Radium C
Radium 0 or

Radiolead.
Radium E
Radium F
Radium G

s2 Uranium338

so Thorium334

«, Protac-
tinium111

K Uranium231

>n Thorium-'30

m Radium™
ra RadonJ!!

», Polonium2"
«•• Lead-11 . .

«i Bismuth-"

m Polonium1"
„ Lead110

u Bismuth'"
it Polonium110

i iLead™

Alpha 4.18
Beta 1

Beta 1

Alpha

Alpha

Alpha
Alpha
Alpha
Beta
Gamma.
Beta
Gamma..
Alpha
Beta
Gamma ..
Beta
Alpha

4.76
4.68 (75 pet)
4.61 (25 pet)
4.7a (94.3 pet)
4.69 (5.7 pet)
5.486
5.998

7.68

5.298

.205 (80 pet)

.111 (20 pet)
2.32 (80 pet)
1.5 (13 pet)

.6 (7 pet)

.65
3.13 (23 pet)
1.67 (77 pet)

.018
1.17

.82

1.45

1.

.295

1.050

.047

4.49X108 years.
24.1 days.

1.17 minutes.

2.48X10= years.

8X1O< years.

1,622 years.
3.825 days.
3.05 minutes.

26.8 minutes.

19.7 minutes.
2.73X10-° min.

22 years.
5.02 days.
138.3 days.
Stable.


