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Th~ee coIncidence counting te~nniques ~or the a$say
.~ -

of 2211Ra in water samples are evaluated and compared. The

I ~eChniqueS are based on the detection of alpha-gamma, beta-.

gamma l and gamma-gamma coincident radiations. Samp~es were

prepared by co-precfpitating'226 Ra with barium sulphate.

DetailS, of"thls chemi~al procedfre are presented, 'in this

thesis. The lower limit of detection, sensitivity to sample

thickness, and system pr'ecision are inve~tigated. Finally,

two data analysis techniques~ the metho~of Least Squares
L •

and the method of ' Maximum Likelihood, for determining -ray

peak areas as applied tQ low counting rates, are discussed.
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CRAMER 1

IN't'RODUCTION

1.1 Introduction

Man is exposed to ionizing radiation in the

environment from three major sources: cosmic rays,

terrestrial radiation, and internal radiation. The pr imary

conttibutor to the environmental radiation dose is

terrestrial radiation, owing to radioactive eleMents in the

earth. These elements are ma~nly members of the uranium and

thodum series, and 40K. Over the years "the greatest

interest has been directed towards tw,o specific members of

these series, radium and its daughter product radon. Radium
i

has 13 known radioactive isotopes, ranging. in atomic number
I

from 213 to 230, and radioactive half-life from 1 msecond to

1600 yea r s. oi the 5 e , 2 2 6Ra, fro m the 238Use r i e s ,,
228 Ra , also known as mesothorium, from the 232 Th series,

the principle isotopes of concern to Health Physicists.

and

are

Much of the data on the health hazards of radium

comes from the radium dial workers, those women who painted

watch and clock dials approximately 50 years ago. When

radium is taken into the body, it behaves chemically like

calcium, and an appreciable fraction is deposited~n bone

surfaces and in areas of active bone turnover. Radium is

know n to ina ucemali 9 nan c i e 5 0 f bo ne and mal i 9nan c i e s

arising in certain cavities in bone, such as the paranasal

1
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.
~es and the mastoid air cefls. ~hese.malignancies tend

to occur long after the first exposure to radium,

from approximately 7 to more than 50 years in the case of

head carcinomas. The occurrence of malignancies is strongly

correlated with. radium intake. As 'a resu~t of ~e radium
I • •

dial worker cases, an equation ha~ been ,derived that,.
expresses the probability of developing a bone cancer as a

function of radium intake(1).
,.

Mining of uranium bearing or,es began in the United

States around 1898. It was known at that time that

radioactivity was associated with the are, but the potential• •... ..
,health/hazards were'not suspected until/about 1921, when the

The"was related to their exposure to ionizing radiati6n.
I

increased incidence of lung cancer in u-ranium mine workers
, .

prim~ry radiation dose received by the mine workers was from

alpha particles resulti'ng from the decay products ,of radium.

Ra diu mal ph a dec a y s, tarado n , a n i"h e r t gas wh i c h

subsequently decays to several alpha emitting daughters.

These radon daughters become attached to dust particles-.in

the air and are breathed in by the mine workers. Sin~e

these particles have a very short range in tissue and a high

This damage is generally of three basicI.
•

linear energy transfer,..
tract 'can occur.

radiation injury to the respiratory r;

i
I

I
1

f
!

types; tumour $, atrophy of funct i onal ti ssue, and increased

susceptlbq I ty to other disease agEints(2).
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• Now th,at the health hazards associated with the

uptake of radium and its daughters by humans are relatively

... well known~ 'stringent government controls as to the us'e and

• •

release of radium -to the environment are enforced. Natural

water, u,sually cont"ains dis,so~ved radium__~-hicb has been

~ pic'ked up from rocks and solI by leaching. However, the

primary source of ra:dium in the environment is waste fr,om

the ~m mining':ro~ess. Once uranium has been ex~racted
from the ore, usually by some acid l~ach process, the waSte

material must be disposed of. Extensive reSe~rch has been \

carried 'out in the area of uranium mine waste disposal. In

g en era 1 , the."was t e pro d uc t s , s uc has so lid s, ,res i due s ,

leached liquors, and washes, are treated to precipitate out,.
the so,lid m8'terials~ which are then contained in a specially

.d~signed area to prevent leakage into the gf>ound water

. systems. The remaini.ng flu ids are m0 nit 0 red ,f 0 r
\'

radi~activity and the-n rejeased' to the environm.ent if
..

certain conditions'are met.

\:lith th'e, recent increase in uranium mining in

Canada, particularly in northern Saskatchewan, as well as

an increase i~ the.average 9rad~ of new deposits of uranium

by the International Committee on Radiation Protection,

al'!owable concentratio1')s in drinking water, as recommended

, I

ore~ accu~ate mory1taring pro~edures for radium levels in
~.

!

t

1
1

I

\

water are essential. In Canada at the present time, the
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-(ICRP), for the two radium isotopes of primary interest,

are:

\ oj pCi/liter for 226Ra, and

10 pCi/literfor 228Ra,

•

f
"

t .',
(

for the general PUblif. Recently the ICRP issued new

recommendations which increased these levels by a factor of

10(3) •

It is evident, therefore, that an effective

monitoring procedure must be capable of measuring radium

concentrations at.or below these specified levels. It is

also desirable that the procedure be relatively simple and

easily adapted to the'analysis of a large number of sampl~

in a sho~t per i09 of ti me.
....

The object of this thesis is to ascertain the

----
,

Ifeasibillty ~f employing coincidence counting techniques

for the measurement of 226Ra conce~tr~i~ns in water. Three
o

coincidence techniques are investigated; the fi rst two are
"",,,

newly developed, the .thi rd, a Y- Y coincidence spectrometer,

was originally developed for the assay of 22~Ra in soil

sam pIe s (4) • In t his prev i 0 U s wo r kit was d e t e r min edthat
\

~ctivitles of 1 pCi/g could ~asily b~ rneasur,d. The details
I

of these techniques will be discussed in a separate section.

Briefly, the techniques are based on the detection of:

\
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1) an 0(- Y' coincident pa i r from the decay of 22h Ra "to

222Rn,

2) a ;:;-( coincident pair re,sul ting from the decay of

4Si to 214po, and ,
Y'- r coincident pair, also from ? 111 S i.

"
coincidence spectrometers consisted of a

counter for detectioQ of ~ and ~ particles, and

etectors for the measurement of (radiation. In

I-

i

I,

·r

each case the coincidence Y-ray spectra were acquired and

•analysed. Peak area$ were determined where necessary by

fitting the background underneath the peak.

It is common practice in determining peak -areas t.o

use the Method of Least Squares, which assumes that for data

from counting experiments, the shapes of the individual

distributions governing the fluctuations in the observed

data are nearly Gaussian. When the counting rates are low

th'r? assumption can lead to problems; therefore it was

decided to compare resul ts 9bta ined using the above method

to the results obtained using the Method of Maxi~~m

'Likelihood with poisson statistics.

samples were prepared for this work from solutions

containing ,known concentrations of 226Ra. Radium was co-

precipitated with barium sulphate onto filter discs suitable,
for counting. The,sensitivity of ea~h counting technique to

sample thickness was investigated.
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An important criteria when considering a measurement

procedure of this nature i~~e lowest limit of detection .

Therefore, the detection limit was deter~ined for the three

coincidence counting techniques.

Complete discussions'of these details will be~iven

1.2 Review of Previous Work
-",-

There [exist several commonly used techniques for the

deter~ination of 226Ra concentrations in water. Each method

has specific advantages and di~advantages. A brief overview

will be given here.

Non-specifi~ gross alpha'counting techniques may

involve long waiting periods before counting' and perhl3ps

multiple counts at well separated intervals to determine

interferences from other isotopes(5~.

For alpha spectrometry, samples are prepared in a

$ i mil arm ann era s for the pre sen two r k'. Radium ,i s co ­

p'recipitated with barium sulphate and th' final product is
'f'-

co u n t ed 0 n a s iIi con sur fa c e bar r i e r de t e c tor ( 6 ) •
I

.-

Interferences from daughter products, t"equi res that samples
., ~)

be counted immediately after precipitation in order to

obtain good resolution of the 226 Ra alpha peak. Results are

also dependent 'on the thi'ckness of the sample. Analysis of

226 Ra in the presence of other radium isoto,pes; such as

)








































































































































































































































