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par
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Résumé

Dans le but d'évaluer la validité de la radiographie pulmonaire
effectuée à Chalk River, on a étudié sur une période de dix ans les
résultats d'importantes maladies occultes et ce qu'ils signifient peur les
employés affligés.

Cette étude suggère eu- le taux d'apparition des maladies
occultes qui rétrospectivement au sont avérées très importantes et même
menaçantes pour la vie des employés affligés, est d'environ 1 cas pour
1000 personnes par an. Seulement 1 sur 3 employés affligés semble recevoir
d'importantes indemnités, les iutres n'obtenant qu'un peu plus que ce qui
aurait fait suite à un traite' .ent si leur maladie avait présenté des
symptômes spécifiques. Les résultats ainsi obtenus sont examinés à la
lumière du besoin de surveillance de la santé de la population généralement
ou sélectivement exposée à iivers risques sanitaires dans l'industrie nucléaire.
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WHY X-RAY CHESTS?

by

D.W.S. Evans

ABSTRACT

In order to assess the validity of screening chest radiography at Chalk River
Nuclear Laboratories, the yield of occult major disease and its significance
to the afflicted employees has been examined over a ten year period.

The study suggests that the incidence rate of occult disease which in retrospect
proved to have been of major or life-threatening importance to the afflicted
employee approximates 1 per 1000 population per annum. Major benefit accrued
only to about 1 in 3 of these employees, the remainder gaining little more than
that which would have followed treatment had their diseases presented symptomatically.
These results are considered in relation to the health surveillance needs of a
population generally and 'selectively exposed to diverse health hazards within the
nuclear industry.
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W H Y X - R A Y C H E S T S ?

b y

D . W . S . E v a n s

Since 1946, annual radiographie examination of the chest (in a single
postero-anterior projection at 6 feet) has been part of the general health
surveillance of employees at Chalk River Nuclear Laboratories, a practice which
in recent years has become largely restricted to those employees over 40 years
of age, because of the undesirability of using ionizing radiation without clear
evidence of benefit. Pulmonary tuberculosis, once an important public health
problem, is now a relatively rare disease in Canada and no longer an indication
for population chest screening other than in a few selected high risk groups.

In industry, the justification for the practice of periodic chest
radiography devolves upon the yield of cardio-pulmonary diseases (which is
readily measurable), the significance of the diseases to the employee and employer
(which is much less readily measurable), and the relationship of the total benefit
to the radiobiological, financial and other costs of the procedure (which is
virtually unmeasurable). Because of the imponderables in the cost benefit
equation, the prescription of scope and frequency of a chest screening program
must be a discretionary rather than a logical process. The yield of such a
program - the presence or absence of diseases which may or may not be caused
partially or wholly by noxious agents in the working environment - is nevertheless
of major importance in reaching a decision.

In an attempt to clarify this aspect of a complex problem, a retrospective
study of the results of routine chest radiography at Chalk River Nuclear Laboratories
has been made in terms of disease yield and its significance to the affected employee.
The small yield of significant disease found and smaller proportionate benefit to
the employee are considered in relation to the health surveillance naeds of a
population generally and selectively exposed to diverse health hazards. The
conclusion is reached that a more restricted and selective chest screening program
would provide adequate protection for the employee and employer in the nuclear
industry.

A PROCEDURE

In order to obtain a sufficiently large sample for analysis, I examined
the reports on all chest radiographs made in the Plant Hospital during the decade
1 January 1966 to 31 December 1975. These reports related to initial and
subsequent annual chest radiographs of permanent and short-term employees, attached
staff, summer students and a mixed group which included a small number of
radiographs made on the basis of clinical indications, numbering less than 5% of
the total. Since a great variety of disease states may be revealed by a chest
radiograph, from the trivial in nature to the potentially lethal, the reports were
examined only for these abnormalities, previously unknown and unsuspected, which
proved ultimately to be of major or life-threatening importance to the persons
concerned.
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This restriction served the purposes of facilitating the assessment of the
"absolute" value of the radiographie practice to the individual, of simplifying
a mass of data most of which was of minor,, conditional* or adjuvant importance
only, and of excluding all conditions diagnosed by any means before the period
under consideration.

From a list of the provisional radiological diagnoses, the final diagnoses
were established using information derived from medical files, physicians' reports,
sickness certificates, death certificates and other sources. Table I shows some
features of the sample and the population concerned.

Number of chest radiographs made
during the decade, 1 January 1966
and 31 December 1975

22,347

Mean CRNL population (March values) 2,367

Mean number of summer students 161

Mean total population 2,528

Approximate proportion of females
(excluding summer students)

11%

Table I - The CRNL Population and
Sample Radiographs

B RESULTS

A total of 24 occult disease conditions were found which proved
ultimately to be of major or life-threatening importance to the individuals
concerned, and which were initially signalled by an abnormality in the routine
annual chest radiograph. These conditions are shown in Table II below.

DISEASE
AGE GROUP OF EMPLOYEES AT DIAGNOSIS

Bronchogenic carcinoma

Other primary malignancies

Secondary malignancies

Thoracic aortic aneurysms

Reactivation of quiescent
tuberculosis

Histoplasmoma

Expanding lung cyst
Totals

18-29

___

—

1(1)

1(1)

2(2)

30-39

1(1)

1(1)

1(1)
3(3)

40-49

2(2)

2

___

4(2)

50-59

3(3)

2(1)

2(1)

2

___

—__

9(5)

60-64

5(4)

—__

1(1)

6(5)

Table II - Major Diseases Detected by Routine Chest
Radiography within the Decade 1966-1975.
Bracketed figures indicate those employees
who were subjected to surgery.

*In this context, conditional implies significance only in conjunction with
other historical or physical evidence of a particular disease.
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It will be seen from Tables I and II that the incidence rate of major
or life-threatening conditions approximates 1 per 1000 population per annum.
Since the average population (inclusive of summer students) who were under 40
years of age during the decade roughly equalled that over 40, the incidence rates
in these groups are respectively about 1 per 2500 per annum and 1 per 660 per
annum. In the small group over 60, the rate approximates 1 per 250 per annum.

The accuracy of these incidence rates is limited by several factors
such as the small size of the sample and rarity of the diseases encountered,
changes in the age distribution of the population, and the inherent limitations
of a chest radiograph in one projection only as a diagnostic procedure, but the
major source of error lies in the assessment and interpretation of the radiographs
and the development or clinical emergence of diseases within the time interval
between successive radiographs. An indication of the magnitude of the difference
between the "observed" and the "true" incidence of the defined conditions is
afforded by an examination of the causes of death of all permanent employees who
died during the decade while in active employment or within one year of retirement.
This information, compiled from a variety of sources including death certificates,
hospital or physicians' records, personnel records and others, is shown in
Table III below. Although the accuracy of the data is not uniform in an
epidemiological sense, it is considered adequate for the present purposes.
Parenthetically, it is worth noting that the proportion of deaths from cancer at
19.4%, all of which occurred in males, is similar to that pertaining to males in
Canada within the age group 20-64 years during 1970-1972 at 20.8%.(1)

Deaths from all Causes

Malignant Disease

Carcinoma of Bronchus
Colon
Gall bladder
Bile Ducts
Rectum
Stomach
Sinuses
Prostate

Carcinomatosis (primary unknown)
Glioblastoma Multiforme
Myelomatosis
Lymphoma
Melanoma
Lymphosarcoma

Cardiovascular Disease
(including 2 ruptured aortic
aneurysms)

Cirrhosis of Liver

103

6
2
1
1
1
1
1
1

1
1
1
1
1

_1
20

Non-industrial Accidents

Suicide

Others (diagnosis not established)

20

64

4

10

1

4

Table III - Cause; of Death of CRNL Employees
in Active Employment or Within One
Year of Retirement During
1966-1975.
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More than half the conditions set out in Table II were due to
malignant disease, with carcinoma of the bronchus predominating. The lethality
of this condition is so high (the median survival from diagnosis to death being
under one year) that cases not detectable or detected by periodic chest
radiography had a high probability of being detected by an examination of the
causes of death during the period under consideration. Correlation of Tables II
and III with the relevant radiographs revealed the following.

Six deaths from carcinoma of the bronchus are known to have occurred
during the decade amongst employees in active employment or within one year of
their retirement. In 3 cases, the diagnosis was not made through routine
screening; in 2 of these, the diagnoses were made 8 and 9 months after the last
chest radiographs and in one, 4 months. Re-scrutiny of the relevant radiographs
failed to reveal any abnormality in the first 2 cases; in the third (with the
aid of hindsight) a small opacity at the presumed future site of the carcinoma
was present and not recognized as such. Thus, 10 of the 13 bronchogenic
carcinomata which were known to have occurred during the defined period were
detected through routine annual chest radiography, and within the methodological
limits of the survey, 10 of the 11 which could be so diagnosed. In other words,
the difference between the "observed" and "true" incidence rates for this
condition appears to be small. Similarly, the occurrence of other major or
life-threatening diseases which did not prove to be lethal during the decade
would have been unlikely to have escaped the notice of the Medical Division,
since, apart from other sources of information, copies of medical certificates
supporting absence from work are routinely obtained from the Administrative
Division. Based upon these arguments, it may reasonably be stated that the
"observed" incidence rates are good approximations of the "true" rates of these
major or life-threatening diseases occurring during the decade examined.

C THE SIGNIFICANCE TO THE EMPLOYEE OF PRESYMPTOMATIC DIAGNOSIS OF
MAJOR OR LIFE-THREATENING DISEASE

The issue is whether or not the 24 affected employees derived benefit
from diagnosis of their diseases in the presymptomatic stages of development.
Benefit is usually readily perceivable, resulting from cure, control, or
palliation of the diseases, but it is difficult to quantify for comparative
purposes; the intangible aspects of benefit such as the maintenance of the
quality of life, avoidance of suffering, or preservation or prolongation of
earning capacity are impossible to assess or quantify. As most of the diseases
encountered were neoplastic in nature, the duration of life following early
diagnosis and treatment compared with the average life expectancy in such
conditions offers a convenient if indirect means of assessing the value of
periodic screening chest radiography to those affected. Where possible, this
criterion is applied to the survival of the 24 employees described below. The
limited size of the sample precludes statistical evaluation, and the figures
are presented primarily for their intrinsic interest and value.

1. Bronchogenic Carcinomata

Thirteen employees are known to have developed bronchogenic
carcinomata during the defined period, the mean age at diagnosis
being 56 with a range of 46 to 64 years. This represents an
incidence rate of about 1 per 1000 population aged 40 to 64 per
annum and compares with that for males in Ontario within the same
age group during the period 1966 to 1975, at 1 per 1050 population
per annum (2). All thirteen were cigarette smokers and there is no
evidence in any to suggest that their tumours were occupationally
induced.
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Today (May 1979), 3 of the 10 employees whose disease was initially
detected through routine screening are alive, their mean survival being
84 months, with a range of 53 to 123 months. Two of these men surviving
6 and 10 years after diagnosis can be described as being in apparent
good health, the third being in fair health. Of the 7 deceased employees,
the mean survival was 29.8 months with a range 4 to 72 months, and of the
3 whose diseases were not detected through screening but presented
symptomatically, the mean survival from the date of diagnosis was about
6 months, with a range of 4 to 8 months. Six of the carcinomata were
anaplastic, 6 were squamous celled (2 poorly differentiated) and one was
an adenocarcinoma. As would be expected, those with anaplastic tumours
had the shortest survival, to date,the mean being less than 19 months
compared with the survival of those with squamous celled tumours at
61 months.

This limited evidence suggests that in these employees whose tumours
were detected by routine screening, survival appeared to have been
extended compared with those whose disease had presented symptomatically.
Caution has to be exercised in interpreting this apparently extended
survival, since it may only reflect earlier diagnosis of a disease with
a relatively immutable course, and particularly as the numbers are small.
There can be little doubt that palliation of the disease was achieved in
some cases, and with less confidence, that survival was considerably
extended in a few others.

Symptomatic lung cancer is advanced cancer with a correspondingly
poor prognosis, and even tumours 0.5-1 cm in diameter are relatively
advanced, this size being practically the smallest detectable in a chest
radiograph because of poor definition or obscuration by other structures.
For these reasons, it is generally accepted that the screening chest
radiograph has little place in the control of bronchogenic carcinoma,
prevention being of paramount importance. Present hopes for improved
survival in this disease hinge upon "early detection" programs such as
the Mayo Lung Project (3) in which the high risk group (male, heavy
cigarette smokers over 45 years of age) are screened four monthly, using
chest radiographs and cytological examinations of the sputur, the latter
being of particular value in detecting radiographically occuit carcinomata.

2. Other Malignant Tumours

Four other intra-thoracic malignant tumours were detected during
the decade, one primary and three secondary in nature. The primary,
a reticulum cell sarcoma of the mediastinum, occurred in a 33 year-
old man, who survived 8 months from the date of the diagnostic chost
radiograph. It is unlikely that presymptomatic diagnosis or treatment
of this highly malignant condition influenced the outcome to any
significant extent. The mortality rate for this disease in Ontario
is 2-3/100,000 population/annum, less than one tenth of that attending
bronchogenic carcinomata.

Enlarged mediastinal glands were detected in a 34 year-old man,
and these proved to be secondary to a malignant melanoma of the skin
which had been excised three years earlier. The duration of survival
was 21 months from the date of the diagnostic radiograph, and it is
again unlikely that presymptomatic diagnosis and treatment of the
métastases had significant influence upon the length of survival in this
notoriously capricious disease. About two thirds of patients with
malignant melanomata of the skin will live five years.
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Two other employees ir. their sixth decades were found to have
métastases in the lung, the primary tumours being in the rectum
and colon. It is possible that "early" diagnosis and appropriate
treatment prolonged the life of one employée» but not likely since
the determinant of survival appeared to be the development of
hepatic rather than lung métastases. In the other employee,
diagnosis and treatment did not appear to influence the outcome to
any significant extent.

As the detected lesions in 3 of these employees were metastatic
in origin, one would not normally expect any significant benefit
to follow "early" diagnosis and treatment of such advanced disease;
this is not to state that the diagnosis of metastatic disease was
not highly important and significant to the patient and the family
involved.

3. Cardiovascular Disease

Six aneurysms of the thoracic aorta were detected during the
decade, three of which necessitated surgical intervention. All
but one occurred in male employees over 45 years of age, the
exception being a traumatic aneurysm of the aortic arch in a 24
year old man, which was subsequently resected successfully.
During the decade, two employees died of haemorrhage from ruptured
aortic aneurysms, one situated within the abdomen, the other
within the thorax. This latter aneurysm had been detected through
routine radiography.

Despite the high operative risks, the proclivity of aneurysms
to rupture causing rapid death warranted corrective surgery in 3
employees, the operation being almost certainly life-saving in
the 24 year old man with the traumatic aneurysm. All 3 are alive
today, their present ages and survival (bracketed figures) from
the date of the diagnostic radiograph being respectively 24(4),
72(11) and 68(12) years. Three were not treated surgically for
various reasons; 1 died within a few months of the diagnosis
being made, another within 3 years, and the third remains under
surveillance 10 years after diagnosis of a (possibly traumatic)
aneurysm.

Generally about one third of aneurysms of the aorta will
rupture, and the majority of these affected are dead within 5
years from rupture or from the associated or causative diseases.
There is little doubt that the 3 employees who were surgically
treated derived considerable benefit from "early" diagnosis of
the conditions through routine chest screening.

4. Pulmonary Tuberculosis

Two older employees who were known to have chronic fibroid
tuberculosis manifested changes in their chest radiographs
attributed to reactivation of their disease. Sputum cultures
were negative in both, and chemotherapy was administered by their
physicians with apparent control of the disease. It is of interest
that in 1978, one of these employees showed further progression in
the changes in his chest radiograph. These changes warranted
surgical exploration, and ultimately a diagnosis of primary lymphoma
of the pleura was established (lymphocytic type, poorly differentiated),
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The temporal sequence of the changes necessitated a dual diagnosis,
malignant lymphoma and chronic fibroid pulmonary tuberculosis,
although the latter was not proven bacteriologically. Apart from
this complexity, some benefit is assumed to have followed
presymptomatic diagnosis of the reactivation of pulmonary
tuberculosis in botn these employees, perhaps more to public health
than to the individuals concerned, since this disease is amenable ro
treatment at almost any stage of evolution.

5. Other Conditions

A 25 year old woman was subjected to surgery following
discovery of a "coin" lesion in the lung, which proved histologically
to be a histoplasmoma. Had this young employee not been subjected
to screening, the diagnosis might never have been reached, since
the bulk of these lesions resolve in a manner similar to that of the
primary tuberculous complex. Once found, the diagnostic uncertainties
indicated surgical intervention, and the subsequent course of the
employee was satisfactory, with a presumed cure. For the reason
adduced, it is probable that little or no benefit, if not actual
harm from a possible unnecessary operation followed radiographie
diagnosis of this occult condition.

Considerable enlargement of a small, lung cyst was detected in
a 36 year old man, necessitating surgery with satisfactory results.
In the absence of discovery, this condition would almost certainly
have declared itself symptomatically sooner or later, perhaps under
less favourable conditions, although with little risk to life. Some
limited benefit is therefore assumed to have accrued to this employee
from presymptomatic diagnosis of his condition.

To summarize: in.a decade of annual chest screening, 5 employees under
the age of 40 were found to have occult disease of the thorax which proved to be
of major or life-threatening importance to them. Three of the 5 were apparently
cured of their diseases by appropriate treatment, but in 4 of the 5, it is
reasonable to state the presymptomatic diagnosis of the diseases did not confer
signal benefit or alter the ultimate result significantly. Amongst the 19 employees
over the age of 40, there were 7 with non-malignant diseases, only 3 of whom could
be regarded as having been cured. In another 3, surgery was not indicated or even
possible, and in 1 other, the diagnosis of reactivated pulmonary tuberculosis
remains in some doubt. In the remainder, the 12 employees with malignant disease,
palliation was achieved in some, and in a few others control of the disease
appeared to have been effected, but the benefit, if any, resulting from diagnosis
at a presymptomatic stage of evolution was impossible to assess in most cases.

Overall, perhaps a third of the afflicted employees derived considerable
benefit from diagnosis of their occult diseases through periodic chest radiography,
the remainder gaining little more than that which would have followed treatment had
their diseases presented symptomatically at a later stage of evolution.

D DISCUSSION

The results of this study suggest that annual chest radiography at
Chalk River Nuclear Laboratories is productive of 2 or 3 occult conditions each
year which will prove to be of major or life-threatening importance to the
afflicted employee, but only about 1 in 3 of these employees will benefit
considerably from the "early" diagnosis and appropriate treatment of the disease.
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This benefit is smaller than might be anticipated, an assumption which arguably
could easily have been modified by the inclusion of some other conditions
diagnosed, such as cardiac enlargement due to various diseases, some pneumoconioses,
unsuspected pulmonary infiltrates and other conditions. While there are obvious
"gray" areas, the sense of the first paragraph in Section A remains clear: the
survey included only unsuspected diseases, the diagnoses of which were solely
attributable to the practice of annual chest radiography, and which in retrospect
proved to have been of major or life-threatening importance to the persons
concerned.

If periodic chest radiography were to be viewed as prescriptive
screening, that is, investigation which has as its primary aim neither research
nor the protection of public health, but a direct contribution to the health of
individuals (4), then the small yield of significant disease and even smaller
benefit would cast considerable doubt on its value. Clearly, in the under 40 age
group, an incidence rate of serious disease of about 1 in 2500 population per
annum with major benefit accruing only to about 1 in 5 of those afflicted is far
too small to justify the radiobiological, financial and other costs involved. In
the over 40 age group where the incidence rate is approximately four times greater,
with benefit accruing to about 1 in 3 of these afflicted, the uncertainties
attending the assessment of real benefit engender similar doubts. The inclusion of
other conditions of lesser importance would scarcely change this assessment, for
example, during the decade' there were 48 other abnormalities initially classed as
pulmonary infiltration, consolidation or collapse. Whilst a few of these
abnormalities were found through routine screening, the majority of the radiographs
were made for clinical reasons. In retrospect, none of these conditions proved to
have been of major or life-threatening importance. Essentially, if the derived
figures are accepted, only one employee each year benefits considerably from the
practice of periodic chest radiography, a result which would not justify the
costs of prescriptive screening.

The paucity of yield of serious disease is less relevant in industry,
where apart from any paternalism, periodic chest radiography is not prescriptive
in aim, but an essential screening procedure in checking that the fitness of
the employee for particular work is not vitiated by the effects of disease, of
ageing or of harmful agents, known or unknown, in the working environment. Here
the total informational yield of a chest radiograph, not merely that of serious
disease, is germane - the presence, conditional presence or absence of diseases
which may or may not be caused wholly or partially by exposure to noxious agents -
because of the potentially major implications of the occurrence of such diseases
to the employer and the afflicted employee. Of particular importance are the
pneumoconioses and occupational/environmental carcinogenesis, respiratory cancer
being pre-eminent, and there is a clear need to establish and monitor the
incidence of this and other forms of caio.er in the work force within the nuclear
industry. The prevention and control of 'orae of these diseases can only be carried
out by serial chest radiography ac the prt °nt time.

Practically, some of the requirements of industrial health surveillance
are readily met by the selective radiographie screening of employees or employee
groups exposed to known or well-defined hazards; others are not. Asbestos for
example, is almost ubiquitous in the work environment and if certain exposure
groups are well defined, such as steanfitters and laggers, it is not easy or even
possible to ascertain whether or not significant,albeit indirect and intermittent
exposures of other employees to this hazard are not taking place, especially
amongst a partly itinerant or mobile work force.
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Other uncertainties stem from the non-specificity of the radiographie
manifestations of occupâtionally Induced pulmonary disease, a consequence of the
limited variety of responses of tissue to acute or chronic insult. Thus,
abnormalities in a chest radiograph suggestive of inflammatory, fibrotic,
granulomatous or neoplastlc processes may or may not be of occupational origin;
the interstitial fibrosis of asbestos workers is indistinguishable from that caused
by other diseases; the chronic bronchitis of some dust exposures is indistinguish-
able from that caused by cigarette addiction, and the lung cancer in a cigarette
smoker might not excite comment unless the person happened to be exposed to
asbestos or other carcinogens. For these reasons, and the more general reasons
discussed earlier, a certain amount of "blanket" screening becomes inevitable for
the protection of the employee.

In these circumstances, the employer must ensure that the detriment
in the employees resulting from the diagnostic use o f ionizing radiation is
acceptably small in relation to the expected benefit of the screening process.
Measurement of the skin dose in the primary beam during the making of a chest
radiograph have been made periodically (occasioned by improvements in technique
or equipment), the most recent yielding a mean of 6 mrad and standard deviation
of 0.8 mrad in 27 employees. While this dose is trivial and in the individual can
be ignored, radiobiological considerations require all exposures to ionizing
radiation to be kept to the minimum necessary to produce the desired information.
The very large numbers of chest radiographs made (comprising about half of all
diagnostic radiological procedures in North America) imply a significant
contribution to the population dose to such radiosens.itive tissues as the bone
marrow, breast, lung and sometimes the thyroid gland. It should also be recognized
that the total detriment to health associated with exposure to ionizing radiation
during periodic chest radiography is probably small compared with the immediate
consequences to the individual of the inevitable false positive and false negative
interpretations of radiographs. During the decade studied, for example, one
possible false negative and two proven false positive interpretations for
bronchogenic carcinomata were noted, the latter two leading to thoracotomy with
its attendant risks and anxieties without significant disease being found.
Additional to such events is the anxiety caused to employees recalled for further
examinations and other procedures to clarify possibly significant abnormalities,
a not infrequent occurrence in view of the diagnostic limitations of chest
radiography in one projection only.

These considerations cannot be ignored, but their weight is small
compared with that of the implications to the employee and employer of disease,
particularly malignant disease caused or possibly caused by exposure of employees
to harmful agents in the working environment.

This survey has characterized the yield and age dependence of occult
major or life-threatening disease revealed by periodic chest radiography; it
remains to examine the distribution of these diseases (14 of 24 being malignant)
within the different socio-economic groups. (Table IV below)
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Employee
Group

Professional

Technical

Admin./Clerical

Hourly-rated

TOTALS

Approximate % of
total populatian*

20

23

17

40

100

Occult Diseases
Detected

1

5

6

12

24

Known Lung
Cancers

0

1

3

9

13

TABLE IV: Distribution of Occult Major Disease Within Employee
Groups

This distribution reflects the well known gradient in the mortality
of differing socio-economic groups, of multifactorial origin, that of lung
cancer probably being related in part to the relative failure of anti-smoking
campaigns to influence the less skilled or less advantaged employees compared
with other groups. This bias has relevance to the design of a screening program
because of the synergistic effect of cigarette smoking with known carcinogens
such as asbestos or radon daughters in the genesis of lung cancer.

CONCLUSION

The yield of occult major or life-threatening disease from periodic
chest radiography, affecting 1 employee per 1000 each year, with significant
benefit accruing to perhaps 1 in 3 is clearly too small to justify the
financial, radiobiological, and other costs involved. Consideration of this
evidence, and some of the other imponderable factors involved leads to the
conclusion that the various and partly conflicting interests at Chalk River
Nuclear Laboratories would be more appropriately served by the following
selective practice.

1. New permanent employees would have a chest radiograph made, (or obtained
for examination if made elsewhere within a reasonable period of time) only
if indicated rn clinical, occupational, or other valid grounds.

2. Unless periodic chest radiography is an essential screening procedure for
employees exposed to known or suspected pulmonary hazards, or is indicated
for statutory, clinical or other reasons, no further examinations would be
made during employment.

3. Periodic chest radiography would be available upon request for these employees
who might wish to continue to be screened for disease, for surveillance as a
matter of convenience of known chronic cardio-pulmonary diseases,for those
addicted to tobacco, or for other reasons.

4. Retiring employees would be advised in their own interest to have a chest
radiograph made.

*This distribution pertains to the November 1978 population at 2224 and is
sufficiently representative for the present purpose.
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The implementation of this discretionary and selective policy would meet
the presently perceived needs of occupational health practice at Chalk River
Nuclear Laboratories, and by eliminating unproductive and unnecessary screening,
reduce the incremental dose to the population from ionizing radiation. It would
also be nearer in principle to that implicit in the Second Report of the Adrian
Committee on Radiological Hazards to Patients (5).

"There should ba clear-cut clinical indications before any X-ray
examination is undertaken, and it should be ascertained whether
there had been any previous examinations which would make further
examination unnecessary".
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APPENDIX

Dosimetry of Chest Radiography

All chest radiographs are made following standard procedures with a
Picker GX-300 diagnostic X-ray generator rated 300 niA at 125 kVp. A small
(35cm3)ionization chamber (EIL A37208A) was located on the skin of the back of
the subject in the primary beam and the dose was measured by an Electronic
Instruments Portable Electrometer, Mcdel 37A.

In 1978, using high (-VLOO)kV techniques and screens incorporating new
phosphors (terbium activated gadolinium and lanthanum oxysulfides which have a
higher conversion efficiency of X-ray quanta to light than standard screens), the
mean entry dose in 27 employees was 6.0. mrad*with a standard deviation of
0.8 mrad*

1 rad = 1 0
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