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ABSTRACT 

The results of a national survey of radiological procedures used for 
diagnosis and therapy in medicine, dentistry and chiropracty are reviewed. 
Statistical data for the distribution and frequency of various procedures in 
Australian hospitals and practices are summarised, together uith their 
associated radiation doses. 

Annual genetically significant and mean bone-marrow doses to the 
Australian pooulation arising from these procedures are derived for the survey 
year of 1970. Values of 176 microgray and 651 microgray for the annual 
(per capita) genetic and mean bone-marrow doses respectively are reported. 
These compare closely uith corresponding estimates in other countries uith 
similar medical practices to those in Australia. 



INTRODUCTION 

It is generally recognised that during the past twenty to thirty years 
there has been a large increase in the use of Xrays and radioactive substances 
for the diagnosis and treatment of human disease. Part of this increase arises 
from the increasing sophistication of medical practice in general, and part 
from the introduction of new and more complex radiological procedures* which were 
not available in the past. Because of the increasing use of Xrays and radioactive 
substances, studies have been carried out in a number of countries (UNSCEAR 1962) 
to determine the contribution made by radiological procedures to the population 
dose. 

The present study, which was undertaken under the auspices of the 
National Health and Medical Research Council, consists of a national survey of 
radiological procedures used for diagnosis and for therapy in the fields of 
medicine, dentistry and chiropracty. Statistical data relating to the distribution 
and frequency of various procedures in Australian hospitals and practices were 
collected for a representative period during 1970. Based on this information, 
a programme of field and laboratory measurements was devised to obtain experimental 
values for the typical range of radiation ooses associated uith these procedures. 
Combined with the statistical data, these measurements make it possible to estimate 
the dose to the Australian population arising from the diagnostic and therapeutic 
use of ionising radiation. This study is the first comprehensive study of its 
kind in Australia, and provides useful baseline data against which future trends 
may be assessed. 

METHODOLOGY 

In assessing the magnitude and possible detrimental effects of radiation 
it is normal practice to distinguish between genetic effects, i.e., those effects 
which only manifest themselves in future generations, and somatic effects, i.e., 
those which directly affect the individual who has been exposed. The genetically 
significant dose, or the genetic dose, is then defined as that dose, which, 
if received by every member of the population would produce the same genetic injury 
to the population as is produced by the total of the doses received by the individuals 
who were exposed. For somatic effects, it is well established (ICRP 1969) that 
the greatest single risk for whole-body exposure is the induction of leukemia, 
following exposure of the bone marrow. The increase in leukemia in a population 

* The term "radiological procedure1' is a generic term and covers diagnostic 
radiology, radiotherapy, dental radiography, chiropractic radiography and 
nuclear medicine investigations and treatments. 



is then related to the mean bone-marrou dose of the population. This is defined 
as the dose to the active bone marro-j, which if received by every member 
of the population would produce the same incidence of radiation-induced 
leukemia as is produced by the total active bone-marrow dose received by the 
individuals who were exposed. 

These two dose parameters are defined in a more formal way in Appendix I. 
In general, to estimate their magnitudes it is necessary to have complete data 
on 

sex and age distributions for persons undergoing radiological 
procedures, 

average doses received by the gonads and bone marrow for 
persons in specified age groups undergoing the procedures, 

child expectancy factors for each of the specified age groups, and 
sex and age distributions for the whole population. 

STATISTICAL INFORMATION 

The first part of the survey - the acquisition of adequate statistical 
data on the sex and age distributions of individuals undergoing radiological 
procedures - was carried out in 1970 when questionnaire forms were issued to 
all known departments and practices using radiological procedures. For 
convenience, radiological Departments and practices were divided into the 
categories described below 

Category Type of Department or Practice 
01 Hospital department with one diagnostic X-ray unit 
02 Hospital department with twn diagnostic X-ray units 
03 Hospital department with three diagnostic X-ray units 
04 Hospital department with four or more diagnostic 

X-ray units 
40 Radiologist's private practice 
41 Other medical radiological practice 
42 Chiropractic; practice 
50 Dental hospital or clinic or private dental practice 
60 Hospital wi^h radiotherapy facilities 
61 Radiotherapist's private practice 
62 Hospital with superficial therapy facilities only 
63 Dermatologist's private practice 
70 Hospital with nuclear medicine facilities 
71 Private nuclear medicine facilities 



The questionnaires were to be completed within a specified period 
during the final quarter of 1970. Considerable additional information of a 
technical nature was also sought, so that as much detail as possible would be 
available for use in the analysis of data. Details relating to the acquisition 
of statistical information are presented in Appendix II. 

Classification codes were provided to identify and categorise the many 
different examinations and treatments likely to be encountered. In order to 
ensure that Australian results would be directly comparable with those reported 
for other countries, classification schemes were adopted which adhered in general 
to well defined international practice. For X-ray diagnostic examinations, the 
recommendation of a joint ICRP-ICRU Report (1957), which identifies 22 anatomical 
X-ray examinations, was adopted*, while for radiotherapy, malignant conditions 
were coded according to the well established universal numbering system for 
human diseases. Diagnostic procedures employing special ancillary aids were coded 
separately, and non-malignant conditions treated by radiotherapy were of such 
variety that separate codes were required to handle these as well. Classifications 
used in this part of the survey are prt?ented in Tables 1 and 2. 

Data relating to the frequency of the various procedures are summarized 
in Tables 3. Annual figures for 1970 were obtained from the completed questionnaires 
by taking into account the periods over uhich the forms were completed and by 
making appropriate 'allowances for those places not returning forms. For convenience, 
the figures for X-ray diagnostic examinations and for dental examinations are given 
in terms of procedures per thousand of population. 

The sex and age distribution for the entire population of Australia in 
1970 is presented in Table 4 (Commonwealth Department of Health 1980). In order to 
calculate the d03es to the population, the data obtained in 1970 were generally 
collated in terms of the twelve age groups in this Table. 

DETERMINATION OF DOSES FOR RADIOLOGICAL PROCEDURES 

(a) D̂i ̂gnosti^X^ra^yjB^caimi nati o_ns 

From the results of earlier surveys (UNSCEAR 1962), it was anticipated that 
the greatest single contribution to population dose would come from X-ray diagnostic 
examinations, with a lesser contribution from radiotherapy and only small 
contributions from dental radiography and nuclear medicine. Accordingly, considerable 
effort was devoted to the experimental determination in the field of patient doses 
arising from X-ray examinations. Thermoluminescent dosemeters (TLD's) were 

* It was found necessary to add one additional category - X-ray examination of 
the breast - to the recommended classification scheme. 
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provided to a broad range of departments and practices for the direct determination 
of patient dose in sufficient numbers to obtain a representative estimate of 
both the mean and range of values for each examination and type of department 
or practice. 

While it was recognised that a more accurate set of measurements might be 
achieved if the dose measurements were supervised by specially trained visitors, it 
was felt that this approach would be likely to perturb normal operating practice 
within the department or practice and lead to less representative results. 
However, each department and practice involved was visited in advance to 
introduce this phase of the survey and to explain the nature and requirements of 
the measurement programme. In the course of this visit, measurements were also 
made with a specially constructed jig, loaded with TLD's, of the half-value layer 
at two kilovoltages, and of collimation parameters for the X-ray equipments which 
were used. 

Thermoluminescent dosemeters have the advantage that they do not interfere 
significantly with the examination procedure, ant; can be readily placed on the 
patient in the course of a normal examination. In general, skin doses were 
determined using lithium fluoride (LiF) dosemeters placed in the centre of the X-ray 
beam and auxiliary information required for the assessment of dose, such as 
kilovoltage, field size and patient details, were recorded. For some examinations 
male gonadal doses were estimated from measurements made with the more sensitive 
calcium fluoride (CaF :Dy) thermoluminescent material. Full details of experimental 
procedures for each group of examinations are provided in Appendix III. 

Prior to their use in the survey, the characteristics and performance 
of LiF and CaF :Dy thermoluminescent powders were investigated to ensure that 
they would be suitable for the measurement of diagnostic radiation. These 
studies are reported in separate papers, together with details of the methods used 
to obtain doses to the skin, and the derived gonadal and bone-marrow doses 
from the original data. (Solomon 1980b, Morris 1989a, 1960b). 

The skin, gonadal and bone-marrow doses received by patients from X-ray 
diagnostic examinations are summarised in Table 5(a). These doses were determined 
for most age groups and examinations defined in the 1970 statistical data, but 
only those relating to the most common examinations are given in the Table. Where 
it was not possible to measure doses for particular examinations, the examination 
exposure details were compared with those of other examinations for which data were 
available and which would be expected not to differ materially as far as radiation 
dose was concerned. Since the number of such examinations was small compared 
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to the overall total number of examinations, errors arising from this method 
of dose estimation are considered to have a negligible effect on the overall 
result. 

Because the detailed dosimetry information was accumulated over a 
number of years following the 1970 statistical data, follow-up information was 
obtained at the time of the measurements to establish whether there had been 
significant changes in equipment or technique between the collection of the 
statistical and dosimetric data. While many diagnostic centres reported the 
introduction of more sophisticated procedures and equipment, it was evident that 
there had been no great change in equipment used for most routine X-ray 
examinations, and it is these examinations which give the greatest contribution 
to population dose. However, where changes were reported for particular 
procedures, and these had an impact on patient dose, the estimated doses presented 
in Table 5(a) were adjusted accordingly so that the entries represent the situation 
as it existed in 1970. 

(b) JJadiathera£y 

By its very nature the practice of radiotherapy requires a careful 
assessment of radiation dose, and quantitative information was provided in the 
1970 survey about the doses delivered to different anatomical sites for the 
various conditions which were being treated. From this information it was 
possible to calculate the corresponding gonadal and bone-marrow doses to each 
patient. The calculation of these doses from the original survey data required the 
use of published depth-dose data and the results of some laboratory investigations. 
These studies and the methods of calculation for the relevant organ doses are 
reported in separate papers (Solomon 1980a, 1980b). Doses calculated for the 
different conditions under treatment are presented in Tables 5(b) and (c). 

(c) QBntal_Tadip£rapby 

In the original survey in 1970, extensive technical information was 
provided by respondents on type of machine, exposure factors, angle of incidence 
and focal-film and focal-skin distances for each type of dental examination., It 
wa9 therefore unnecessary to conduct a major programme of field measurements of 
skin and organ doses of the kind required for the medical diagnostic examinations. 
Instead, measurements were made of the free-air outputs of the most common 
machines in use and combined with the original technical data to calculate the 
corresponding skin dose9. In fact, eighty-six per cent of the equipments then in 
use consisted of only three different models and there was close agreement 
between the measured outputs for several examples of each machine. For the 
remaining fourteen per cent, which were distributed over 45 other models, the 



free-air outputs were assumed to be equal to the average value for the three 
most common types. Prom the measurements made of free—air output and the 
technical data supplied in 1970, the mean skin dose calculated for all equipments 
was 7.4 -Gy per exposed film (Solomon, 1980c). 

The relationships between skin dose and doses to the bone marrow and 
gonads were studied in some detail and form the subject of a separate report 
(Solomon 198P-). Contributions to the bone-marrow dose were studied using a 
computer model to convolute the distribution of active bone marrow in the head 
with the distribution of dose in the irradiated region. Gonadal doses for a 
given skin dose arising from radiation scattered to the gonads from the equipment 
and the irradiated tissue were investigated experimentally using TLD's and a 
tissue-equivalent diagnostic phantom. In both cases it was established that the 
contributions to each of these organ doses were very small. Doses to the gonads 
and bone marrow were then calculated using these factors, combined with the 
exposure factors, number of films used and other information provided in the 
original survey. These results summarised in Table 5(d)-are for an average 
skin dose of 7.4 uGy. 

(d) _Nu£lear med_icin_e 

Fairly complete information on the usage of radiopharmaceuticals in 
diagnosis and therapy was obtained in the 1970 survey, and this has made it 
possible to estimate by calculation the gonadal and bone-marrow doses arising 
from the use of radiopharmaceuticals. The methods of calculation are presented 
in a separate paper (Krjam 1980) and the results summarised in Tables 5(e). 

THE GENETICALLY SIGNIFICANT DOSE 

The annual genetically significant per capita dose to the Australian 
population has been derived using the expression given in Appendix I. It uses 
data from the 1970 survey, measured or calculated gonadal doses for individual 
examinations or treatments and appropriate child expectancy factors for those 
individuals undergoing radiological procedures. The child expectanc; factors 
are based on age specific birth rates for 1970, adjusted for observed trends 
towards a later child bearing age and reduced birth rate in subsequent years 
(Department of Health 1980). For a number of conditions requiring examination 
or treatment it was appropriate to reduce the child expectancy factors because 
of the nature of the condition. Thus for example, the child expectancy for 
radiotherapy procedures was reduced because of the reduced life expectancy 
of patients and a lower fertility rate following irradiation. A discussion of 
the factors considered in assessing child expectancy is given in Appendix I. 
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Estimates of the contributions from the various radiological procedures 
are presented in Tables 6. It should be borne in mind in reading these tables, 
which show the major contributors to the total genetically significant dose, 
that for some procedures the dose is determined not so much from the magnitude of 
the dose delivered to individual patients, but rather from the number of patients 
exposed to the procedure. In compiling the table for X-ray diagnostic 
examinations the mean gonadal doses d"ived from measurements made in the four age 
categories were applied as appropriate to the foetus and twelve age groups for 
which the sex and age distributions obtained in 1970 were originally collated. 
In addition, because of the substantial variation in the doses delivered to 
patients undergoing the same examination in different departments and practices, 
the mean gonadal doses for each examination were obtained by weighting the means 
for each type of department or practice by the number of patients who were 
examined in them. 

The annual per capita genetically significant dose to the Australian 
population can be summarized, as follows, from the values quotbd in Tables 6, 
taking into account the errors arising in the determinations. 

X-ray diagnostic examinations 
mass miniature chest radiography 
radiotherapy 
dental radiography 
nuclear medicine 

TOTAL 

The greatest contribution arises from the UFC of X-ray diagnostic examinations 
and more effort was expended in determining this value than for other contributors 
to the population dose. An evaluation of the results shows that the errors in 
the value derived from the measurements for this determination would not exceed 
+25%. Added to this are systematic errors arising from the use of published data 
and data made available specifically for the purposes of the survey. It is 
impossible to determine the errors arising from USR of such data out cross 
checking with calculations using other data gave confidence that errors arising 
from the data used would not be large. The major error arising in the determination 
of doses received by the gonads and bone marrow during radiotherapy would be from 
the use of basic dosimetry data in many cases instead of using sophisticated 
calculations for each individual patient. It i9 believed that the approach 
used does not result in substantial errors in the overall assessment of population 
dose due to the large number of patients for which calculations were made. Errors 
arising from this should not exceed +50%. For other radiological procedures, 

149 ^Gy 

0 . 3 

23 

0 . 01 ! 

4 

176 ^Gy 
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any errors in the assessment of the contributions they make to the population 
dose would have a negligible effect on the total contribution from all 
radiological procedures. 

The genetically significant dose for Australia obtained in this study 
compares favourably with values obtained in other countries. The main emphasis 
in most other surveys has been directed towards X-ray diagnostic examinations 
and few surveys include contributions from radiotherapy or nuclear medicine. 
For X-ray diagnostic examinations some of the values reported are (UNSCEAR 1977)-

Country Date of 
survey 

No. of exams 
per 1000 population 

Annual 
G.S.D. (f-Gy) 

Denmark 1956-58 260 275 
U.K. 1957-58 280 141 
Sweden 1955-57 290 378 

1974-76 540 460 
Japan 1958-60 410 390 

1969 701 257 
1974 676 165 

New Zealand 1963 366 131 
1969 400 137 

U.S.A. 1964 531 160 
1970 654 200 

Australia 1970 370 149 

In general, the examinations per thousand of population reported in the 
literature do not include mass miniature chest X-ray examinations. 

For treatments of malignant and non-malignant conditions by radiation 
therapy the annual genetically significant dose is 23.1 nGy and this may be 
compared with values of 49.9 |iGy for the U.K. (Adrian 1960) and 19.5 jiGy for 
Japan (UNSCEAR 1977). Difficjlties arise, however, in making direct comparisons 
of these figures as they are very dependent on the details of the assumptions 
made by the different countries in adjusting child expectancy factors for some 
conditions for a reduction in the expected lifespan and in fertility following 
irradiation. 



MEAN BONE-WARROM DOSE 

The mean active bone—marrow dose to the Australian population has been 
derived using the expression given in Appendix I. Oata from the 1970 survey have 
been combined with individual calculations of the bone-marrow dose using the 
measured skin doses for X-ray diagnostic procedures and with calculations 
involving published and experimental dosimetry data for other procedures. Details 
of the methods used are reported in other papers (Solomon 1980b, 1980c). 
Contributions to the mean active bone-marrow dose to the Australian population 
frr different procedures are presented in Tables 6. As in the calculation of 
genetically significant dose from X-ray diagnostic examinations, because of the 
wide range of values of dose encountered for the same procedures in different 
departments or practices, the overall means were obtained by weighting the 
individual means for the different types of departments and practices by the 
number of patients examined in them. 

The mean bone—marrow dose to the Australian population can be summarized, 
as follows, from the values quoted in Tables 6, taking into account the errors 
arising in the determinations. 

X-ray diagnostic examinations 411 -Gy 
mass miniature radiography 36 
non-malignant radiotherapy 166 
dental radiography 0.001 
nuclear medicine 38 

TOTAL 651 ,-Gy 

In addition the per capita annual mean bone-marrow dose arising from the 
radiotherapy treatment of patients with malignant conditions is 3273 ,-Gy. 
Because large radiation doses are delivered to these patients to prolong life, 
they form a special group of the population and their contribution to the 
overall mean bone-marrow dose is therefore not included in the above summary. 

Several errors arise in the determination of the above contributions. 
In the case of X-ray diagnostic examinations, the errors arising in the value 
quoted due to the measurements made on patients would not exceed +20fc. Errors 
arise in the evaluation of all contributions due to lack of detailed information 
on the distribution of bone marrow in patients, although the same distribution 
as in the U.K. survey has been used in this study. Systematic errors also arise, 
but it is believed that discrepancies arising from the use of simplifying 
assumptions in many cases will not be great due to the large number of 
measurements and calculations carried out in determining the various contributions 
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Date of survey Ai 
bone-

inual mean 
-marrow dose 
(nGy) 

1969 1890 
1974 1320 
1964 300 
1976 - 900 
1960 323 
1964 830 
1970 1030 

1970 447 

to the population dose and to cross checking of calculations using dosimetry 
data from a number of sources. 

The mean bone-marrow dose obtained for Australia for X-ray diagnostic 

examinations may be compared directly with values reported for other countries. 

Representative values (UNSCEAR 1977) reported for a number of other countries are-

Country 

Hapan 

Netherlands 
Sweden 
U.K. 
U.S.A. 

Australia 

These values include a contribution from mass miniature chest X-ray 
examinations which range from 32 to 202 |iGy for other countries and for which 
the Australian value is 36 (iGy. 

DISCUSSION 

The information summarised in the tables above and the comparisons 
which can be drawn with other countries for the X-ray diagnostic contribution to 
the population doses indicate that the use of radiological procedures within 
Australia is in no way unusual. By and large, the Australian figures fall well 
within the range of values reported in other national surveys, as one might 
expect from the similarity of Australian medical practices with those of other 
reporting countries. 

Estimates of the risk of mutagenic or carcinogenic effects arising from 
the exposure of the population to the low levels of radiation which are typical 
of diagnostic procedures are fraught with uncertainty. There is only limited 
information available for somatic effects in humans, and that which is available 
derives from studies of groups subject to high doses and high dose rates.* 

* Excluding in utero exposure of embryos, which are known to be more radiosensitive, 
and for which the rick factors have been directly estimated (ICRP 1969). 
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No direct evidence is available for mutagenic effects, and risk factors must in 
this case be derived by extrapolation from animal studies. 

In general, the assumption is made, at least for radiation protection 
purposes, that radiation-induced effects are strictly proportional to dose, and 
one may extrapolate linearly from the risk coefficients for high doses (derived 
from exposures of «*100 milligray or more (Watson 1977)) 'co estimate effects at 
low doses. This "linear hypothesis" is probably conservative, in that it 
excludes the possibility that there are biological processes operating which 
repair damage before it becomes evident. At the high doses used in radiotherapy, 
for example, it is well established that fractionated treatments — the reduction 
of dose per treatment session by providing treatment over an extended period of 
time - allows marked recovery of cells and tissues from radiation damage 
(Johns and Cunningham 1969). 

Despite these uncertainties, it is of value to estimate what are 
likely to ba upper limits of the effects on the Australian population from 
radiological procedures, using the linear hypothesis and risk factors from high 
dose studies. In a summary of a scent report by the U.S. Committee on 
Biolngical Effects of Ionising Radiation (BEIR 1979) it is estimated that for a 
single generation after exposure of parents there will occur 5 - 6 5 additional 
genetic disorders in live-born offspring per ten thousand parental-gray. This 
estimate brackets the figure of 50 genetic effects per ten thousand person-gray 
given by Watson (1977), although Watson states that most of these effects will 
be expressed within the first two generations. Taking the annual per capita 
Australian estimate of 176 ^Gy, the total annual genetically significant dose 
to the Australian population (~12.5 million in 1970) is ~2210 Gy, which, on th? 
basis of Watson's risk factor would give rise to an additional 11 genetic effects 
for 1970. The number of live children born in Australia in 1970 was 257,516 
and the number of genetic disorders arising in a group of this size from 
non-radiation causes is estimated from BEIR (1979) to be ~27,500. 

In its publication No 14 (ICRP 1969) the International Commission on 
Radiological Protection lists bone marrow and the thyroid as two organs which 
have a well established high sensitivity to the induction of disease by exposure 
to ionising radiation. Of these, the mortality rate from thyroid tumours is 
relatively low compared with that of radiation-induced leukemia, so that the 
dose received by the bone marrow is of primary concern in the assessment of 
somatic effects. 
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Again, the risk factors for the induction of leukemia by radiation 
have substantial uncertainties, particularly as there is some euidence (UNSCEAR 1977) 
that the sensitivity of bone marrow is dependent on the age of the patient. The 
UNSCEAR Report of 1977 gives a range of values of 15-25 incidents of leukemia 
per ten thousand gray, with the higher figure for the young or elderly and the 
lower figure for early adult life. The figure of 20 per ten thousand gray 
provided by Watson (1977) also serves as a useful reference. 

Excluding the contribution from the radiotherapy treatment of malignant 
conditions, the total active mean bone—marrow dose to the Australian population 
in 1970, derived from a per capita figure of 651 ^Gy is 8170 person-gray, and 
this suggests that about ~16 cases per annum of leukemia may be attributed to this 
source, making the same assumption that the linear hypothesis is valid. Again, 
using the same linear hypothesis we might anticipate ~24 cases of leukemia per 
annum induced by natural background radiation on the basis that the annual 
bone-marrow dose from this radiation is 920 ,.Gy (UNSCEAR 1977). Information 
on the annual total incidence of leukemia cases in Australia is not readily 
available. However the total number cf deaths from leukemia and aleukemia for 
1970 was 722 (CBCS 1972). 
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bone-marrou doses to population from nuclear medicine procedur 



Number Name Number Name 
01 Chest (lungs, heart, etc.) 13 Abdomen 
02 

03 
04 
05 

Thorax (ribs, sternum, shoulder 
clavicle) 
Arm and hand 
Pelvis 
Hip and femur (upper third) 

14 
15 
16 
17 
18 

Abdomen (obstetrical) 
Pelvimetry 
Hysterosalpingography 
Cholecystography-Cholang 
Stomach & G.I. Tract (in 

06 Femur (shaft and knee) oesophagus and duodenum) 
07 Louer leg and foot 19 Intestine 
08 Head (inc. cervical spine) 20 Urography (inc. IUP) 
09 Dental 21 Retrograde pyelography 
10 Dorsal spine 22 Urethrocystography 
11 Lumbar spine 23 Breast 
12 Lumbo-sacral spine 

TABLE 1(b). Designation of ancillary aids 

Number Name 
0 No aids - direct radiographs only 
1 Fluorescent screen - (uith or without spot film device) 
2 Image intensifier only 
3 Image intensifier uith television receiver 
4 Serial changer uith above (excluding spot film device) 
5 Serial changer only (excluding spot film device) 
6 Tomogram 
7 Other, such as spot film camera, cine camera, videotape recorder 



TABLE 2 ; Classification of conditions treated 

NOP-malignant neoplasms 

1 Skin conditions 

a Acne vulgaris 
b Dermatitis - eczema, inc. neurodermatitis, lichen simplex, 

pompholyx, (intertrigo) 
c Furunculosis, inc. boils, sycosis barbae et nuchae, 

folliculitis (papillomata, inflammatory hair follicle) 
d Herpes simplex, recurrent 
e Hyperhidrosis 
f Keratoses, inc. hyperkeratoses, cutaneous horn 
g Paronychia, inc. onychia 
h Psoriasis, inc. pustular psoriasis 
j Warts, inc. kerotatic papilloma 
k Nev/oid conditions, inc. cavernous angioma, angioma uasculas, 

angiokeratoma, haemagiomata, naev/us, strawberry naevus, 
cavernous haemagioma 

m Kerato-acanthoma 
n Fungal infections, inc. kericn, sporotrichosis, 

chromoblastomycosas 
o Keloid and hypertrophic scar 
p Rosacea,inc. acne rosacea, pustular rosacea 
q Bowen's disease,inc. early bowinoed 
r Others, inc. cyst, pruritus ani, lichen planus, infect 

fissures, plantar fasceitis, guttate scleroderma, prurigo 
nodularis, granulomata, granuloma annulare, ulcer 
(unclassified), after dermabrasion of tattoo to prevent 
keloid, foreign body reaction of 18/12 duration after 
curettage of discharging centre, unstated. 

2 Glandular enlargement, eg, thymus, T.B. glands 

3 Ankylosing spondylitis 

4 Arthritis, rheumatism, etc. , inc. calcaneal spur, rotator cuff 
lesion, "frozen shoulder", capsulitis, calcification of 
supra-spinatus tendon, supra-spinatus tendonitis, epicondylitis, 
Paget's disease 

5 Artificial menopause 

6 Deafness 

7 Pterygium, inc. vernal catarrh 

8 Kidney transplant 

9 Others, inc. reparative granuloma, Peyronies' disease, 
intrauterine fibroids, gynaecomastia secondary with 
spironalactome medication, post herpetic neuralgia, 
Herpes Zoster 



TABLE 2 Cont 'd 

Mal iqnant neoplasm 

140-149 Buccal c a v i t y and pharynx 

150 Oesophagus 
151 Stomach 
152 Small intestine, including duodenum 
153 Large intestine, excluding rectum 
154 Rectum, including rectosigmoid junction 
155-159 Other digestive organs and peritoneum 

160 Nose, nasal cavities, middle ear and accessory sinuses 
161 Larynx 
162 Bronchus, trachea and lung 
163 Unspecified respiratory organs 

170 Bone 
171 Connective and other soft tissue 
172-173 Skin 
174 Breast 

180 Cervix uteri 
181-182 Other uterus 
183 Ovary, fallopian tube and broad ligament 
184 Other and unspecified female genital organs 
185 Prostate 
186 Testis 
187 Other male genital organs 
188 Bladder 
189 Kidney and ureter 

190 Eye 
191-192 Brain and other parts of nervous system 
193 Thyroid 
194 Other endocrine glands 
195 Ill-defined sites inhere primary is in the region but 

not specifiable 
196 Secondary in lymph nodes (primary unknown) 
197 Secondary in respiratory or digestive system (primary unknown) 
198 Secondary not covered by 196, 197 (primary unknown) 

200 Lymphosarcoma and reticulum-cell sarcoma 
201 Hodgkin*s disease 
202 Other neoplasms of lymphoid tissue 
203 Multiple myeloma 
204 Lymphatic leukemia 
205 Myeloid leukemia 
206 Monocytic leukemia 
207 Other and unspecified leukemia 
208 Polycythemia vera 
209 Myelofibrosis 



TABLE 3(a). Number of X-ray diagnostic examinations per 
-thousand population in each age group (1970) 

Examin
ation 
No. 

Direct radiography ) Fluoroscopy • *• (2) .c examinations Examin
ation 
No. Age group 

Foetus 
Age group 

Foetus 
Under 2 2-14 15+ Mean 

Foetus 
Under 2 2-14 15+ Mean 

Foetus 

01* 111.8 42.3 145.1 118.4 7.0 0.6 0.2 1.8 1.4 
02 5.4 4.7 16.5 13.2 0.1 0.1 0.1 
03 10.1 41.1 37.3 37.2 0.1 0.3 0.1 0.2 
04 11.2 3.2 8.8 7.5 0.1 0.1 0.1 
05 12.0 4.4 9.7 8.5 0.2 0.1 
06 4.0 7.4 15.9 13.3 0.1 0.1 0.1 0.1 
07 6.2 20.7 32.2 28.3 0.2 0.2 0.1 0.1 
08 21.3 22.3 47.0 39.9 0.2 0.1 0.3 0.2 
09 0.1 1.1 0.7 0.8 
10 1.0 1.2 9.4 7.1 0.1 0.1 
11 1.6 1.2 11.2 8.4 0.3 0.2 
12 0.9 1.3 20.3 14.9 0.2 0.3 0.2 
13 10.8 4.4 17.1 13.7 0.3 0.1 0.5 0.4 
14 3.6 2.6 5.8 0.1 
15 1.0 0.7 1.4 
16 0.7 0.5 0.6 0.4 
17 0.1 0.1 10.5 7.5 1.8 1.3 
18 0.4 0.2 0.8 0.6 4.7 1.4 23.2 17.1 
19 0.5 0.3 1.0 0.8 1.1 0.5 7.5 5.5 
20 2.2 2.6 14.2 10.9 0.1 0.2 0.2 
21 0.1 0.1 0.8 0.6 0.1 0.2 0.2 
22 0.2 0.2 0.3 0.3 0.7 O.f. 0.2 0.3 
23 0.4 0.3 

Total 199.9 158. i 404.5 336.0 15.3 7.4 3.5 37.7 28.2 0.1 

Not including mass-miniature chest Xrays. 
(1) Ancillary aid no. 0. 
(2) Ancillary aids nos 1, 2 and 3. 

Note: (a) The figures for "foetus" are given in terms of female population of 
age 15 years and over, 

(b) The figures for examination 14, 15 and 16 would be double these figures 
if based on female population only. 



TABLE 3(a) Cont'd 

Examin Complex . ,. (3) examinations A l l e x a m i n a t i o n s 

a t i o n 
No. Age group 

F o e t u s 
Age g roup 

Foe tus 
Under 2 2-14 15+ Clean 

F o e t u s 
Under 2 2 -14 15+ Clean 

Foe tus 

0 1 * 1.1 0 .1 0.5 0 .4 113.5 4 2 . 6 147 .4 120.2 7 .0 

02 0.1 0 .1 5 .4 4 .7 16 .7 13 .4 0 . 1 

03 10.1 4 1 . 4 37 .4 37 .4 0 . 1 

04 11.2 3 .2 8 .9 7 .6 0 . 1 

05 0.1 0.1 12 .0 4 . 4 10 .0 8 .7 

06 0.2 0 .1 4 . 0 7 .5 16 .2 13 .5 0 . 1 

07 0.1 0 .1 6 .2 2 0 . 9 3 2 . 4 28 .5 0 . 2 

08 0 .1 0 .1 1.1 0 .8 21 .4 22 .5 4 8 . 4 40 .9 0 .2 

09 0.1 1.1 0 .7 0 .8 

10 0.1 0 .1 1.0 1.2 9 .6 7 .3 

11 0.1 0 .2 0 .2 1.7 1.2 11 .7 8 .8 

12 0.1 0 .1 1.1 1.3 20 .7 15 .2 

13 0.1 0 .3 0 .2 10.9 4 .5 17 .9 14 .3 0 .3 

14 3.6 2 . 6 5 . 9 

15 1.0 0 .7 1.4 

16 0.1 0 .1 1.4 1.0 

17 0.8 0 .6 0 .1 0 .1 13 .1 9 . 4 

18 0 . 4 0 .1 2 .0 1.5 5 .5 1.7 26 .0 19 .2 

19 0.1 0 .1 0 .6 0 .5 1.7 0 .9 9.1 6 .8 

20 0 .2 1.2 0 . 9 2 . 3 2 . 8 15 .6 12 .0 

21 0.1 0 .2 1.0 0 .8 

22 0.1 0 .1 1.0 0 . 8 0.5 0 .6 

23 0.4 0 .3 

T o t a l 2.0 0 .7 7 .5 5 .8 209.3 163 .0 449 .7 370 .0 15 .4 

(3) Ancillary aids nos 4, 5, 6 and 7. 



TABLE 3(b). Number of mass miniature chest X-ray 
examinations per thousand population (1970) 

Examination/1000 
Age group population 

15-19 0.4 
20-24 19.9 
25-29 16.7 
30-39 28.2 
40-49 29.2 
50-59 23.5 
60-69 16.2 
70+ 12.6 

Total 146.7 



TABLE 3(c). Numbpr of patients undergoing radiation treatment (197Q) 

A. Non-rcaliqnant conditions 

Condit ion Treatment 
modality 

Age of patients (years) 
Condit ion Treatment 

modality Under 2 2-14 15-29 30-44 45-59 60+ All 

Treatment region: head 

96 2695 76 95 1a B.T. 96 2695 76 95 2962 
1b B.T. 20 194 99 59 20 392 
1c B.T. 38 57 19 33 147 
1d B.T. 19 114 19 152 
1f B.T. 19 182 626 1552 2479 

S.S. 34 284 511 1091 1920 

19 B.T. 19 36 55 
1h B.T. 19 19 95 76 209 
1j B.T. 

S.S. 
17 19 

19 
19 16 

74 
71 
93 

1k B.T. 
S.S. 

76 
34 

17 
17 17 

19 112 
68 

1m B.T. 34 106 140 
1o B.T. 16 36 19 19 90 
1r B.T. 19 55 19 17 110 
3 B.T. 17 34 51 
4 B.T. 34 34 
6 B.T. 16 35 51 
7 S.S. 75 521 857 961 278 2692 
9 B.T. 16 19 16 51 

Total 129 242 3716 1873 2493 3426 11879 

B.T. = bean) therapy; S.S. = sealed sources 



TABLE 3(c) Cont'd 

Non-malignant conditions cont'd 

Condit ion Treatment 
modality 

Age of patients (years) 
Condit ion Treatment 

modality Under 2 2-14 15-29 30-44 45-59 60-*- All 

Treatment region: torso 

262 1a B.T. 262 252 
1b B.T. 133 133 148 414 
1c B.T. 13 19 
1d B.T. 16 15 
1f B.T. 

S.S. 
16 
34 

51 
47 

67 
91 

19 B.T. 38 38 
In B.T. 19 19 19 38 35 
1j B.T. 19 i j 

1k B.T. 
S.S. 17 

19 1? 
17 

1m B.T. 19 1" 
1o B.T. 17 38 16 71 
1q B.T. 

S.S. 
17 
17 

19 36 
17 

1r B.T. 19 19 38 
2 B.T. 16 16 
3 B.T. 34 34 
4 B.T. 38 35 82 139 294 
5 B.T. 18 49 55 
7 S.S. 16 16 
8 B.T. 32 32 16 80 
9 B.T. 32 67 17 116 

Tot .al 17 17 408 355 524 528 1843 

B.T. = beam therapy; S.S. = sealed sources 



Non-maliqnart conditions cont'd 

Condition Treatment 
modality 

Age of patients (years) 

Under 2 2-14 15-29 30-44 45-59 60+ All 

Treatment reqion: upper limbs 
77 617 556 326 189 1b B.T. 77 617 556 326 189 1765 

1c B.T. 19 19 
1e B.T. 15 15 
1f B.T. 15 130 427 591 1163 

S.S. 233 475 496 1204 

19 B.T. 20 172 138 152 98 580 
1h B.T. 19 15 38 110 182 
1j B.T. 56 117 116 75 20 384 

S.S. 19 25 19 73 
1k B.T. 19 19 
1m B.T. 15 49 119 183 
1n B.T. 19 19 16 54 
1o B.T. 36 93 55 19 203 
1q B.T. 19 19 
1r B.T. 19 57 38 17 131 
3 B.T. 16 16 
4 B.T. 17 136 83 236 

Tota 1 19 246 1358 1571 1806 1246 6246 

Treatment req ion: lower limbs 
19 1a B.T. 19 19 

1b B.T. 59 196 216 422 154 1047 
1c B.T. 32 19 51 
1d B.T. 19 19 
1f B.T. 

S.L. 15 
51 
19 

34 85 
34 

1h B.T. 19 15 15 49 
1j B.T. 259 503 178 69 19 1028 

S.S. 76 73 38 38 225 
1k B.T. 57 57 
1m B.T. 34 34 
1o B.T. 16 19 16 51 

>-) B.T. 38 19 36 93 
4 B.T. 17 84 101 

Tota 1 57 480 791 463 669 433 2893 

B.T. = beam therapy; S.S. sealed sources 



TABLE 3 ( c ) C o n t ' d 

B. M a l i g n a n t c o n d i t i o n s 

C o n d i t i o n 
T rea tment 
m o d a l i t y 

Age of p a t i e n t s ( y e a r s ) 
C o n d i t i o n 

T rea tment 
m o d a l i t y 
T rea tment 
m o d a l i t y 

Under 2 2 -14 15-2A 30-44 45-59 60+ A l l 

T rea tmen t r e g i o n : head 

16 32 208 272 140-149 S .T . 16 32 208 272 528 

S . 5 . 64 32 96 

151 B .T . 16 16 

160 B.T. 

S .S. 

33 16 48 

16 

97 

16 

161 B.T. 111 2C9 320 

162 B.T. 15 32 160 128 336 

163 B.T. 16 16 

170 B.T. 16 16 16 48 

171 B.T . 16 16 32 

172-173 B.T. 38 157 1363 4435 9762 15755 

S.S. 106 532 848 1486 

174 B.T. 112 289 145 545 

180 B.T. 16 16 

183 B.T. 17 17 

186 B.T. 17 17 

188 B.T. 16 16 

189 B.T. 16 16 32 

190 B.T. 16 16 

S .S . 19 19 19 19 76 

191-192 B.T. 16 64 96 224 49 449 

193 B.T. 16 17 16 32 81 

194 B.T. 16 16 

196 B.T. 64 64 128 

198 B.T. 16 16 16 48 

200 B.T. 17 48 179 244 

201 B.T. 16 50 16 32 114 

202 B.T. 32 32 

203 B.T. 17 17 

204 B.T. 32 32 

209 B.T. 16 16 

Tot a l 54 99 302 1941 6316 11947 20659 

B.T . - beam t h e r a p y ; S.S. = s e a l e d sou rces 



TABLE 3(c) Cont 'd 

Mal ignant cond i t ions con t ' d 

Cond i t ion 
Treatment 
modality 

Age of p a t i e n t s (years) 

Under 2 2-14 15-24 30-44 45-59 60+ All 
Treatment region; torso 
140-149 

150 
151 
153 
154 

155-159 
161 
162 
163 
170 
171 

172-173 

174 
180 

181-182 

183 

184 

185 

186 
187 
188 
189 
190 

191-192 
193 
194 
196 
197 
198 
200 
201 
202 
203 
204 
205 

T, 
T. 
T. 
T. 
r. 
T. 
T. 
T. 
T. 

B.T. 
B.T. 
B.T. 
S.S. 
B.T. 
B.T. 

S. 
T. 
S. 

B.T. 
S.S. 
B.T. 
S.S. 
B.T. 
S.S. 
B.T. 
B.T. 
B.T. 
B.T. 
B.T. 
B.T. 
B.T. 
B.T. 
B.T. 
B.T. 
B.T. 
B.T. 
B.T. 
B.T. 
B.T. 
B.T. 
B.T. 

16 
16 

19 

16 

32 

32 

32 

32 16 

16 48 
128 

15 32 

16 

16 48 64 
49 128 177 
17 16 33 
34 161 195 
80 96 176 
32 16 48 

16 16 
32 594 1025 1651 

16 16 
16 32 64 

32 48 
76 347 251 693 
33 49 82 164 

483 1158 979 2636 
113 336 272 721 
79 238 99 416 

32 49 81 
160 96 256 

64 192 96 384 
32 48 16 96 

32 32 
32 16 48 
65 305 37H 

16 16 
99 32 163 

16 16 
32 112 256 400 
32 48 95 208 

16 16 
16 64 
32 48 80 

16 16 
32 16 48 

16 16 
16 48 128 192 
48 145 257 514 
64 80 80 352 
49 80 32 209 

55 91 146 
16 32 
16 16 32 

Total 19 144 304 1332 4207 4899 10905 

B.T. = beam therapy; S.S. = sealed sources 



TABLE 3(c) Cont'd 

Malignant conditions cont'd 

Condition Treatment 
modality 

Age of patients (years) 

Under 2 2-14 15-24 3d-44 45-59 60+ All 

Treatment req ion: upper limb 

16 170 B.T. 16 16 
171 B.T. 16 16 

172-173 B.T. 15 19 132 400 792 1358 
S.S. 15 136 248 399 

174 B.T. 48 32 80 
189 B.T. 16 16 
200 B.T. 16 16 32 
202 B.T. 16 16 16 48 
203 B.T. 16 16 
204 B.T. 16 16 

Tot al 15 51 179 632 1120 1997 

Treatment rerion: lower limb 

16 153 B.T. 16 16 
170 B.T. 16 16 32 
171 B.T. 16 16 32 

172-173 B.T. 54 122 172 348 
S.S. 17 32 17 66 

174 B.T. 32 48 33 113 
180 S.S. 32 32 
184 B.T. 16 16 
185 B.T. 16 32 48 
188 B.T. 16 16 
189 B.T. 16 17 33 
193 B.T. 16 16 
198 B.T. 16 16 
200 B.T. 16 16 
204 B.T. 16 16 

Tot al 32 167 282 335 816 

B.T. = beam therapy; S.S. = sealed sources 



TABLE 3(d). Number of dental examinations per thousand population (1970) 

Age group 
(years) 

Examination 
Age group 
(years) Periapical Biteuing Occlusal Large film Pan oral 

2-14 7.3 6.0 0.6 0.9 0.6 
15-19 5.3 7.5 0.2 0.2 0.2 
20-24 6.0 6.8 0.1 0.1 0.1 
25-29 4.1 4.2 0.1 0.1 0.1 
30-39 5.8 5.1 0.1 0.1 0.1 
40-49 5.1 3.0 0.1 0.0 0.1 
50+ 6.5 1.7 0.1 0.2 0.2 
Unstated 0.8 0.6 0.0 0.0 0.0 

Total 40.9 34.9 1.3 1.6 1.4 
1 

Total examinations = 80.1/1000 population 

TABLE 3(e). Number of persons undergoing nuclear medicine 
procedures (1970) 

Age group 
(years) 

Use of radiopharmaceuti ;als 
Age group 
(years) Function 

studies 
Localisation 

studies 
Therapy 

uses 

0-2 39 117 — 
2-14 273 1027 -
15-29 3146 3861 39 
30+ 14664 28964 1859 

Total 18122 33969 1898 



TABLE 4. Sex and age distribution of the Australian population 
30 June 197G 

No. of persons in population (thousands) 
Age group Male Female Total 

Under 2 years 252.6 241.6 494.2 
2-4 357.8 339.6 697.4 
5-9 634.3 602.9 1237.2 
10-14 610.8 580.4 1191.2 
15-19 568.3 543.4 1111.7 
20-24 556.9 524.2 1081.1 
25-29 460.7 427.1 887.8 
30-39 778.3 726.2 1504.5 
40-49 801.4 756.2 1557.6 
50-59 624.5 626.8 1251.3 
60-69 419.1 446.9 866.0 
70+ 259.8 411.8 671.6 

Total 6324.5 6227.1 12551.6 



TABLE 5(a). Wean doses received by adults from common 
X—ray diagnostic examinations 

(Measurements weighted for number of patients undergoing examination) 

Examination Ancillary 
aid used 

Mean doses (nGy) 
No. 

Ancillary 
aid used Skin Testes Ovaries B one marrow 

01 None 1375 13 16 178 
02 it 4275 24 39 351 
03 ii * 10 1 0 
04 n 9840 2690 1275 1005 
05 II 11170 6050 1065 809 
06 II 3330 610 44 9 
07 II 2450 48 1 0 
08 II 17180 13 6 171 
09 II * - - -
10 II 22180 317 64 1510 
11 II 36480 845 3085 1905 
12 II 62830 1230 5195 3765 
13 II 11360 670 1450 1230 
14 it 17720 - 2605 2865 
15 it 39070 - 4225 3800 
16 it 17080 - 2260 1860 
17 ii 27630 540 810 2795 
18 Fluoroscopic * 130 3500 7320 
19 it * 396 10970 3655 
20 None 56730 3010 5815 5175 
21 ii 14550 3470 2085 1540 
22 II 12160 5040 381 1080 
23 II * - 10 1 

Mass miniature chest examinations** 2635 1 7 243 

Not measured directly. 
Not weighted for number of patients. 



TABLE 5(b). Mean gonadal doses received by adults undergoing 
radiation treatment (mGy) 

A. Non-malignant conditions 

Treatment 
modality 

Males Females 

Condition Treatment 
modality Treatment region Treatment region Treatment 
modality 

Head ./p . Abdomen Pelvis Gonads trunk 
.. . Lipper .. . Head . P H , Abdomen trunk Pelvis 

1a B.T. 2 9 1 3 
1b B.T. 2 1 83 182 37 
1c B.T. 3 7 
1d B.T. 96 
1f B.T. 

S.S. 
2 1 2 

19 B.T. 1 37 
1h B.T. 7 28 
1j B.T. 13 2 
1k B.T. 1 
1m B.T. 1 
1n B.T. 60 
1o B.T. 1 13 134 
1q B.T. 

S.S. 
9 18 

1r B.T. 6 1 20 
2 B.T. 128 
3 B.T. 5 11 5 64 
4 B.T. 6 36 106 215 8160 6890 
5 B.T. 10140 
6 B.T. 14 
7 S.S. 
8 B.T. 6 109 59 
9 B.T. 17 133 12410 64 168 456 

B.T. = beam therapy; S.S. = sealed sources 

Note: Doses less than 1 mGy for treated conditions are not included 



TABLE 5(b) Cint'd 

B. Malignant conditions 

Treatment 
modality 

Wales Females 

Condition Treatment 
modality Treatment region Treatment region Treatment 
modality 

Head Upper 
trunk Abdomen Pelvis Gonads Head Upper 

trunk Abdomen Pelvis 

140-149 B.T. 
s.s. 

190 
86 

291 250 159 
36 

150 B.T. 363 42 
151 B.T. 85 1540 14 
153 B.T. 383 9050 2750 
154 B.T. 85 1510 1330 2270 

155-159 B.T. 383 1280 
160 B.T. 

S.S. 
257 
63 

1 

151 B.T. 228 288 
162 B.T. 196 499 446 1410 75 62 2500 13700 
163 B.T. 542 103 
170 B.T. 70 387 381 76 990 
171 B.T. 67 510 48 

172-173 B.T. 18 46 25 3 4 3 
S.S. 2 4 3 23 

174 B.T. 391 338 899 8280 9330 
180 B.T. 

S.S. 
4070 5870 

20200 
181-182 B.T. 

S.S. 
69 4350 15400 

2660C 
183 B.T. 

S.S. 
34 4539 7850 

14400 
184 B.T. 

S.S. 
3160 
7720 

185 B.T. 371 618 2360 * 
186 B.T. 501 870 2760 27900 89100 
188 B.T. 149 133 2500 * 1110 
189 B.T. 143 157 1020 2770 2 32 4100 2130 
190 B.T. 1 10 

191-192 B.T. 216 1400 887 402 22 
193 B.T. 183 460 1720 7 66 
194 B.T. 507 
196 B.T. 210 924 43 55 526 
197 B.T. 11 
198 B.T. 110 89 703 7140 37 2150 2170 
200 B.T. 186 241 1070 12200 19 45 5690 8400 
201 B.T. 982 593 1740 14400 19 271 2420 
202 B.T. 57 1630 825 11 53 28800 
203 B.T. 119 35700 68 73 880 20700 
204 B.T. 27 11700 337 
205 B.T. 3940 2670 
209 B.T. 1310 

B.T. = beam therapy; S.S. = sealed sources 
* greater than 100000 mGy 
Note: Dose less than 1 mGy for treated conditions are not included 



TABLE 5 ( c ) . Wean bone-marrou; doses receiv/ed by adu l t s undergoing 

radiation treatment (mGy) 

A. Non-maliqnant conditions 

Treatment 
modality 

Treatment region 
Condition Treatment 

modality Head Upper 
trunk Abdomen Pelvis Hale 

gonads 

1a B.T. 36 307 
lb B.T. 12 63 304 26 
1c B.T. 15 1 
1d B.T. 2 2520 
1f B.T. 8 41 
19 B.T. 2 5 26 
1h B.T. 13 3 
1j B.T. 1 5 
1k B.T. 3 18 
1m B.T. 3 
1o B.T. 7 44 214 13 
1q B.T. 601 44 
1r B.T. 11 18 
2 B.T. 870 
3 B.T. 742 1110 1280 
4 B.T. 1180 2480 1830 2600 
5 B.T. 8550 
6 B.T. 465 
8 B.T. 475 1040 
9 B.T. 340 910 1460 2190 706 

B.T. = beam therapy; S.S. = sealed sources 

Note: Doses less than 1 mGy for treated conditions are 
not included 



TABLE blc) Cont ' c 

B. Waliqnant conditions 

Condition Treatment 
modality 

Treatment region 
Condition Treatment 

modality 
Head Upper 

trunk Abdomen Pelvis Wale 
gonads 

140-149 3.T. 
s.s. 

2820 
35 

7710 2030 

150 B.T. 9440 
151 B.T. 74 694 6940 
153 B.T. 1910 13400 
154 B.T. 1280 2060 9250 
155 B.T. 2890 3810 
160 B.T. 

S.S. 
3000 
244 

161 B.T. 2260 6500 
162 B.T. 3130 10000 4060 6010 
163 B.T. 9510 15600 
170 B.T. 916 7850 3680 9370 
171 B.T. 2300 8840 

172-173 B.T. 
S.S. 

45 
38 

841 
45 

5910 

174 B.T. 7210 12300 2689 11700 
180 B.T. 

S.S. 
255 5040 16600 

112 I 
181-182 B.T. 

S.S. 
8880 8200 15700 

99 
183 B.T. 

S.S. 
2680 4750 7130 21400 

67 
184 B.T. 

S.S. 
14700 

36 
185 B.T. 5449 4190 12700 7860 
186 B.T. 4130 8810 12800 23500 10900 
188 B.T. 662 6250 15700 6540 
189 B.T. 3820 5340 5720 11900 
190 B.T. 141 87 

191-192 B.T. 3140 33800 7530 12700 
193 B.T. 7500 6650 16800 
194 B.T. 364 9720 
196 B.T. 4680 7090 12800 7620 
197 B.T. 466 
198 B.T. 2610 1850 3050 10000 
200 B.T. 3120 5510 9450 10900 
201 B.T. 4620 15200 22600 13200 
202 B.T. 4190 7820 5710 
203 B.T. 6390 4700 3470 11100 
204 B.T. 2290 14000 
205 B.T. 1040 
209 B.T. 4130 

B.T. = beam therapy; S.S. = sealed sources 
Note: Doses less than 1 mGy for treated conditions are not 

included 



TABLE 5(d)» Wean doses received by adults during dental radiography (nGy) 
(normalised to a skin dose of 7.4 mGy per film) 

Organ 
Beam 

direction 
relative 

Examination 
Organ 

Beam 
direction 
relative 
to face Periapical Biteuing Occlusal Large film Pan oral 

Ovaries Up 0.002 0.008 0.002 0.360 0.020 
Douin 0.021 0.008 0.021 0.360 0.020 
Normal 0.008 0.008 0.008 0.360 0.020 

Testes Up 0.006 0.037 0.006 0.360 0.010 
Down 0.450 0.037 0.450 0.360 0.010 
Normal 0.037 0.037 0.037 0.360 0.010 

Bone Up 0.006 0.006 0.006 0.016 0.005 
marroui Down 0.002 0.006 0.002 0.016 0.005 

Normal 0.006 0.006 0.006 0.016 0.005 



TABLE 5(e). Wean doses received by adults undergoing nuclear 
medicine procedures 

Use 
flean doses (. -Gy) 

Radiopharmaceutical Use 
Testes Ovaries Bone 

marrouj 

Localisation study 
199 510 198. _ „ . . Au Colloid Liver, lymph mode 199 510 8150 

131 
Cs chloride Thyroid 1030 1140 1500 

F Flouride Bone 654 796 2160 
197 

Hg BPIHP Spleen 481 837 409 
197 

Hg Chlomerodrin Kidney 61 10 204 
Hg Chlomerodrin Brain 5180 15900 
I Iodide Thyroid 67 106 263 

1 3 1 T T MM 
I Iodide Thyroid 495 184 516 

1 3 1 T _„. I AAA Lung 814 4600 1350 
131 

I Rose Bengal Liver 12900 2580 
In Chloride Heart, placenta, brain 72 33 115 

1 1 3 m I n Colloid Liver 32 80 592 
113mT _ 

In nacroaggregates Lung 19 19 100 
Orthophosphate Superficial lesions 101000 34100 134000 

75 
Se Selenomethionine Pancreas 20700 25100 23800 

QC 
Sr Chloride Bone 2350 7000 
Sr Citrate Bone 547 805 1800 

99mT _ .. .. Tc Colloid Bone marrow, liver, spleen 18 94 447 
Tc Iron Ascorbate Liver 37 86 132 
Tc Macroaggregates Lung 59 97 245 
Tc Pertechnetate Brain, thyroid, heart 1340 1450 2180 

133v _ ,. Xe Saline Heart 33 44 
99m_ r .. 

Tc Erythrocytes Heart, spleen 56 702 400 
Tc Gluconate Kidney 111 203 348 

" m T c EDTA Brain 926 1158 1660 



TABLE 5 ( e ) Cont 'd 

Use 
Hear, doses UCy) 

Radiopharmaceutical Use 
Testes Cvzries Bone 

aarrow 

Function study 
12 17 5 7Co Vitamin B 1 2 Vitamin B _ absorption 12 17 22 

58 
Co Vitamin B _ 

51 
Cr Chloride 

Vitamin B _ absorption 44 39 39 58 
Co Vitamin B _ 

51 
Cr Chloride 

Protein loss 49 54 43 
Cr Chromate Blood, platelet 476 5i7 563 

5 1 

Cr HSA Protein loss 340 4?G 
59 
Fe Citrate Serum iron, red blood cell 1010 I960 87a 

3H Water Body water 513 
197 

Hg Chlormerodrin Kidney 7 67 165 
125 
"I Fibrinogen Thrombosis 26 31 21 

1 3 1 T r-K -
I Fibrinogen Thrombosis 14 15 12 

131_ 
I Hippuran Kidney Q c 8 

' 3 1I HSA Blood, CSF 1600 1840 180G 
I Iodide Thyroid 26 20 54 

131 
I Rose Bengal Liver 209 2880 525 
In Chloride Cardiac 10 30 

24 
Na Chloride Exchangeable sodium 243 243 

32 n r n p OFP Platelet 2720 9720 
D'Yb DTPA CSF 

Theraoeutic use 

185 

134000 

200 170 

198 
Au Colloid Malignant effusion 

185 

134000 

200 

134000 
1 2 5 T T * * 

I Iodide Thyroid benign 16200 38200 74000 
1 3 1 T T M-M 

I Iodide Thyroid benign 
and malignant 

224003 27200 72300 

I Triolein in lipiodol Malignant effusion 676000 271000 
32 
p Chromic Phosphate Malignant effusion 840000 3000000 

32 
p Orthophosphate Malignant tissue -

polycythaemia rubra vera 
698000 420000 1270000 



TABLE 6(a). Genetically significant doses to population from 
X-ray diagnostic examinations (>iGy) 

All ancillary aids included 

Examination Foetus 
Under 2 years 2-14 years 15 years and over 

No. Foetus 
Male Female Male Female Male Female 

01 0.06 0.09 0.04 0.33 0.17 0.42 2.56 
02 # 0.01 * * 0.03 0.13 0.07 
03 * * 0.09 0.03 0.19 * 
04 0.06 0.72 0.06 0.B1 0.46 4.33 1.23 
05 0.02 0.37 0.33 1.31 0.36 9.35 0.75 
06 * 0.17 0.01 0.72 0.12 3.44 0.12 
07 * 0.01 0.30 * 0.67 0.01 
08 * 0.01 0.03 0.11 0.08 0.17 0.06 
09 
10 * * * 0.04 0.64 0.09 
11 0.02 0.01 0.02 1.03 0.77 2.37 3.81 
12 0.10 * 0.06 0.23 0.46 5.74 14.00 
13 0.26 0.02 0.08 1.11 0.49 1.80 3.88 
14 8.63 8.62 
15 3.40 4.50 
16 0.01 3.11 
17 0.01 0.03 0.02 0.49 2.36 
18 0.05 0.08 0.11 0.47 1.83 0.49 7.77 
19 0.01 0.07 0.04 0.14 0.43 0.25 7.45 
20 0.14 0.06 0.13 0.60 1.69 7.07 18.42 
21 0.01 # 0.01 0.08 0.38 0.79 
22 0.05 0.06 0.19 0.90 0.28 0.30 
23 

TOTAL 12.77 1.67 0.97 7.48 7.97 38.21 79.90 

Mass miniature chest X-ray examination 0.15 0.16 

Between 0.0005 and 0.005 jj,Gy - not included in total 
Annual genetically significant dose 

from X-ray diagnostic examinations = 148.97 ^Gy 
(excluding mass miniature rhest examinations) 

from mass miniature chest examinations = 0.31 ^Gy 



TABLE 6(b). W ean bone-marroui doses to population 
from X-ray diagnostic examinations (^Gy) 

All ancillary aids included 

E x a m i n a t i o n Under 2 y e a r s 2 -14 y e a r s 15 y e a r s and over 

No. Foe tus 
Male Female Male Female Male Female 

01 0 .04 0 .08 0 .07 0 .39 0 .38 13 .16 9 .24 

02 * * * 0 .07 0 .06 2 .81 1.82 

03 * * 0 .07 0 .05 

04 0 .04 0 .01 0 . 0 1 0 .11 0 .10 3 .24 3 .47 

05 0 .01 0 .03 0 .04 0 .12 0 .10 2 .63 3 .21 

06 * * * * 0 .16 0 .06 

07 0 .01 0 .01 0 .15 0 .10 

08 » 0 .06 0 .07 0 .15 0.1Q 2 .46 2 .00 

09 

10 * * 0 .04 0 .07 3.40 3 .83 

11 0 .01 * 0 .01 0 .11 0 .10 8.56 6 .57 

12 0 .06 0 .01 0 .01 0 .16 0 .12 18 .16 14 .94 

13 0 .17 0 .03 0 .02 0 .18 0 .10 9 .84 8 .88 

14 5 .41 7 .53 

15 2 .13 2 .77 

16 1.47 

17 0 .01 * # 1 0 . 2 4 26 .17 

18 0 .03 0 .08 0 .04 1.35 1.10 74 .95 63 .17 

19 * 0 .02 0 .01 0.11 0 .13 9 .70 12 .89 

20 0 .09 0 .02 0 .03 0 .49 0 .56 32 .05 31 .26 

21 * * 0 .10 0 .07 1.27 2 .50 

22 0 .02 0 .01 0 .05 0 .22 0 .28 0 .34 

23 # 

TOTAL 8 .00 0 .37 0 .33 3 .65 3 .36 192 .91 202.22 

Mass miniature chest X-ray examination 17.83 17.83 

* Between 0.0005 and 0.005 (iGy - not included in total 

Mean bone-marrow dose 
from X-ray diagnostic examinations = 410.84 jxGy 

(excluding mass miniature chest examinations) 
from mass miniature chest examinations = 35.66 jiGy 



-TABLE 6(c). Genetically significant doses and mean bone-marrou 
doses to population from X-ray diagnostic examinations - Summary 

for all examinations 

Ancillary Annual genetically Mean b one—marrow 
aids significant doses 

(̂ Gy) 
doses 
(̂ Gy) 

Foetus 
None 12 .50 7.83 
1, 2 & 3 0 .22 0.14 
4, 5, 6 & 7 0 .05 0.03 

All aids 12 .77 8.00 

0-2 
years 

2-14 
years 

15+ 
years Total 0-2 

years 
2-14 
years 

15+ 
years Total 

Males 
None 1.51 6.76 36.36 44.63 0.26 2.02 89.36 91.64 
1, 2 & 3 0.16 0.63 1.27 2.06 0.11 1.41 82.91 84.43 
4, 5, 6 & 7 0.00 0.09 0.58 0.67 0.00 0.22 20.64 20.86 

All aids 1.67 7.48 38.21 47.36 0.37 3.65 192.91 196.93 

Females 
None 0.76 4.90 54.34 60.00 0.25 1.75 99.94 101.94 
1, 2 & 3 0.17 2.44 18.42 21.03 0.07 1.26 79.14 80.47 
4, 5, 6 & 7 0.04 0.63 7.14 7.81 0.01 0.35 23.14 23.50 

All aids 0.97 7.97 79.90 88.84 0.33 3.36 202.22 205.91 



TABLE 6(d). Genetically significant doses and mean bone-marrou) 
doses to population from the radiation treatment of non-malignant 

conditions 

Annual genet 
significant 

(nGy) 

ically 
doses 

Mean bone-marrow 
doses 
(nGy) 

Male Female Male Female 

Treatment region 
Head 0.25 0.24 14.79 10.88 
Upper trunk 0.29 1.52 39.54 23.81 
Abdomen 0.19 0.12 4.10 8.58 
Pelvis 0.34 0.36 3.07 5C5.20 
Upper leg 0.02 0.05 0 0.01 
Lower leg 0.00 0.00 -0.10 0.03 
Feet 0.05 0.13 0.09 0.19 
Upper arm 0.00 0.02 0 0 
Lower arm 0.02 0.00 0.29 0.09 
Hand 0.03 0.05 1.49 0.58 
Male gonad s 0.14 — 1.80 — 

Total 1.33 2.49 65.27 100.37 

Condition treated 
1a - 1r 0.56 0.89 21.03 10.79 

2 1.12 
3 1.72 4.64 
4 0.08 1.52 30.00 31.20 
5 0.07 44.40 
6 0.05 1.79 
7 1.38 0.65 
8 0.40 2.94 0.84 
9 0.24 0.01 5.29 7.85 

Total 1.33 2.49 65.27 100.37 

Values less than 0.005 |iGy not included in total 
Total annual geneti.cally significant dose = 3.82 fiGy 
Total mean bone-marrow dose = 165.64 t̂ Gy 



TABLE 6(e). Genetically significant doses and mean bone-marrow 
doses to population from the radiation treatment of malignant 

conditions 

Condition 

Annua 
signi 

il genet 
ficant 
(RGy) 

ically 
doses 

Clean bone-marrow 
doses 
(tiGy) 

dale Female Male Female 

140-149 0.03 9.41 1.24 
150 2.71 6.66 
151 0.94 0.01 
153 0.02 43.70 21.80 
154 0.08 0.01 15.80 19.90 

155-159 0.12 0.02 
160 0.07 22.00 1.18 
161 0.04 27.50 1.77 
162 0.08 77.80 13.80 
163 0.03 0.86 1.40 
170 0.23 1.94 2.11 
171 1.49 9.58 13.10 

172-173 0.40 0.03 47.50 12.57 
174 0.05 1.76 34.20 1400.00 
180 512.00 

181-182 52.50 
183 149.00 
184 11.00 
185 0.10 91.40 
186 4.88 79.00 
187 1 ,50 
188 0.92 174.00 26.50 
189 1.52 0.07 25.50 28.30 
190 4.69 

191-192 1.29 1.08 39.20 8.91 
193 0.04 55.70 28.20 
194 0.18 6.24 0.23 
201 3.47 1.18 108.00 63.10 
203 0.05 0.02 8.90 8.53 
204 0.01 0.01 . 0.40 0.02 
205 0.08 0.01 
209 0.01 0.05 

Total 15.06 4.17 888.67 2383.91 

Values less than 0.005 (iGy not included in total 
Total annual genetically significant dose -- 19.23 ^Gy 
Total mean bone-marrow dose = 3272.58 (iGy 



TABLE 6(f). Genetically significant doses and mean bone-marrouj 
doses to population from dental radiography 

Examination Annual g e n e t i c a l l y Mean bone-
s i g n i f i c a n t dose marroui dose 

(nGy) (^Gy) 

0.0112 0.0004 

0.0017 0.0004 

0.0002 * 

0.0015 * 

* * 

Periapical 
Biteuing 
Occlusal 
Large film 
Pan oral 

Total 0.01 0.001 

* l ess than 0.0001 ^Gy 

TABLE 6 ( g ) . Gene t i ca l l y s i g n i f i c a n t doses and mean bone-marrow 

doses to popu la t ion from nuclear medicine procedures 

Use Annual genetically 
significant dose 

Mean bone-
marrou dose 

(liGy) 

5.795 

0.197 

32.010 

Localisation study 
Function study 
Therapeutic uses 

(nGy) 
1.144 
0.051 
2.672 

Total 3.87 38.00 



TABLE 6(h). Contributions to genetically significant doses and 
mean bone-marrow doses to population from nuclear medicine p rocedures 

Genetically Mean 
Radiopharmaceutical Use significant 

dose 
bone-marrou 

dose 
(nGy) (^Gy) 

Localisation study 
Au Colloid Liver, lymph mode 0.004 0.290 
Cs Chloride Thyroid 0.010 0.022 
F Fluoride Bone 0.006 0.065 

197 
Hg BPIHP Spleen 0.003 0.OC2 

197 
Hg Chlomerodrin Kidney 0.002 0.011 
Hg Chlomerodrin Brain 0.009 0.017 
I Iodide Thyroid 0.001 0.006 

1 3 1 T T -,•_, 
I Iodide Thyroid 0.003 0.032 

1 3 1 1 P.AA Lung 0.004 0.008 
131 

I Rose Bengal 
Liver 0.004 0.008 

1l3mT _. , . . In Chloride Heart, placenta, brain 0.003 0.010 
113m_ _ ,. . In Colloid Liver 0.001 0.029 
113mT „ . In Macroaggregates ' ung 0.000 0.000 
32 

p Orthophosphate 
Superficial lesions 0.066 1.240 

75 
Se Selenomethionine 

Pancreas 0.120 0.850 
Sr Chloride Bone 0.000 0.007 
Sr Citrate Bone 0.003 0.037 

99m_ _ ., . . Tc Colloid Bone marrou;, liver, spleen 0.006 0.200 
99m_ T . . . Tc Iron Ascorbate Liver 0.000 0.003 
99m_ „ 

Tc Macroaggregates Lung 0.013 0.130 
Tc Pertechnetate Brain, thyroid, heart 0.860 2.710 

133 
Xe Saline 

Heart 0.000 0.000 
99m_ r .. . Tc Erythrocytes Heart, spleen 0.000 0.003 
99m_ _. . Tc Gluconate Kidney 0.001 0.005 
" m T c EDTA Brain 0.025 0.110 

Total 1.144 5.795 



T ^ D L L 6jr .J i g n t ' i 

Genetically Mean 
Radiopharmaceutical Use significant 

dose 
bone-marrow 

dose 
(̂ Gy) (^y) 

Function study 
57 
Co Vitamin B 
Co Vitamin B 

51 
Cr Chloride 

Vitamin B absorption 
Vitamin B absorption 

0.000 
0.000 

0.001 
0.001 

57 
Co Vitamin B 
Co Vitamin B 

51 
Cr Chloride 

Protein loss 0.001 0.000 
51 
Cr Chromate 

Blood, platelet 0.013 0.038 
5 1Cr HSA Protein loss 0.000 0.001 
59 
Fe Citrate 

Serum iron, red blood cell 0.019 0.022 
3H Water Body water 0.000 0.000 
1 97 

Hg Chlnrmerodrin 
Kidney 0.000 0.000 

125 
I Fibrinogen 

Thrombosis 0.000 0.001 
131 

I Fibrinogen Thrombosis 0.000 0.000 
131 

I Hippuran 
Kidney 0.000 0.000 

131 
I HSA 

Blood, CSF 0.015 0.048 
131 

I Iodide Thyroid 0.001 0.061 
1 31 

I Rose Bengal 
Liver 0.000 0.001 

113mT 

In Chloride 
Cardiac 0.000 0.000 

24 
l\la Chloride 

Exchangeable sodium 0.000 0.001 
32 
p DFP Platelet 0.001 0.020 

1 6 9Yb DTPA CSF 0.001 0.002 

Total 0.051 0.197 

Therapeutic use 
198 

Au Colloid 
Malignant effusion 0.053 0.280 

125 
I Iodide Thyroid benign 0.045 0.470 

131 
I Iodide 

Thyroid benign 
and malignant 

0.800 13.540 

1 31 
I Triolein in 

Malignant effusion 0.073 0.230 
lipiodol 

32 
P Chromic phosphate 

Malignant effusion 0.091 0.310 
32 
p Orthophosphate 

Malignant tissue -
polycythaemia rubra vera 

1.610 17.130 

Total 2.672 32.010 



APPENDIX I 

THE TERMS - ANNUAL GENETICALLY SIGNIFICANT DOSE 
AND PIEAN BONE-PI ARROW DOS^ 

THE ANNUAL GENETICALLY SIGNIFICANT DOSE 

In conformity with proposals of the United Nations Scientific 
Committee on the Effects of Atomic Radiation (UNSCEAR 1962), the annual 
genetically significant dose is defined as being equal to that dose 
which, if received by every member of the population, would be expected 
to produce the same genetic injuiy to the population as do the actual 
doses received by the various individuals. It can be expressed by 
the formula 

D . P. w. N. gix 1 lx IX 

2 P . N 
I l 

where D . is the average gonadal dose for persons of age group i 
subjected to a radiological procedure of type x, 

P. is the average child expectancy of persons of age group i, 

w. is a factor that modifies the child expectancy due to 
IX 

the condition of persons of age group i subject 
to procedure of type x, 

N. is the annual number of persons of age group i subjected 
to a procedure of type x, and 
is the numbf 
population. 

N. is the number of persons of age group i in the whole 

The determination of the annual genetically significant dose 
requires data on: 

(i) the average doses received by the gonads of persons 
undergoing each radiological procedure, taking into 
account the age and sex of each person, 

(ii) the annual number of persons, by sex and age, undergoing 
each procedure, 

(iii) the number of children still to be expected by persons 
in terms of age and sex. This number may vary for soma 
persons undergoing specific procedures, and 

(iv) the numbers of persons by sex and age, in the total 
population. 
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For convenience, the ages of persons are determined in age 
ranges, rather than in unit steps. 

THE WEAN BDNE-HARROU DOSE 

For bone-marrow dose, the basic philosophy given in the U.K. 
survey (Adrian 1966) has generally been followed. That is, that the 
irradiation of any part or whole of the bone marrow of an individual 
should be expressed as a mean dose, averaged over the whole active marrow 
in the body, as it is believed that the mean dose averaged over all cells 
at risk is the one most likely to be relevant to a radiobiological effect. 

The effect of exposure of the bone marrow can only be 
determined by studies arising from large exposures of individuals or by 
a demonstrated increase in the incidence of leukemia in a population 
when related to the mean dose to that population. 

The mean marrow dose D averaged ever the total active marrow f! 
m 

for a particular radiological procedure is defined as the summation, for 
each element of marrow m, of the product of the fraction of the active 
marrow exposed and the dose received by those elements D r 

m ^ L PI E 

As with the determination of the annual genetically significant 
dose, the mean bone-marrow dose to the population can be determined 
from the formula 

rr 2 D . w.N. 
D„ = mix lx IX 

N 

where D . is the mean bone-marrow dose for persons of age qroup i mix r 3 r 

subjected to radiological procedures of type x, 
ui. is a factor that takes into account the life expectancy 
IX r 

of persons of age group i subjected to procedure of 
type x, 

l\l. is the annual number of persons of age group i subjected 
to procedure of type x, and 

N is the number of persons of all ages in the population. 
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It is to be noted that in the determination of 0 , allowance 
m 

for the age groups has been incorporated into this formula by virtue 
of the different active bone marrow present and its distribution in 
the body at different stages of growth of the body. 

The determination of the mean bone-marrow dose requires data 
on: 

(i) the average doses received by bone marrow of persons 
undergoing each radiological procedure, taking into 
account the mass and distribution of active bone-
marrow in the body (by virtue of their ages), 

(ii) modification of the normal life expectancy of patients 
due to their need to undergo a radiological procedure, 

(iii) the annual number of persons, by age, undergoing each 
procedure, and 

(iv) the total population of interest. 

No distinction is made between male and female patients, as 
information available relates the mass and distribution of active bone 
marrow to age on]y. There is no information available that indicates 
any differences due to sex. 

CHILD EXPECTANCY FACTORS 

In determining the genetically significant dose the observed 
doses must be weighted by the child expectancy factors of the exposed 
groups. A first approximation to these factors may be obtained from 
the observed age specific birthrates for the year 1970. This however 
provides a somewhat simplistic estimate because it does not take into 
account mortality factors for the age groups under consideration, nor 
the observed trend since 1970 towards a later child bearing age and a 
reduced birthrate. Estimates of age specific birthrates for 1970, 
adjusted for these factors were made available to this study by the 
Commonwealth Department of Health (1980) and are listed in Tables 1. 
Specific information is not available on the fraction of pregnancies 
at the time of radiological procedures resulting in live-births. 
From available data, this has been estimated at 90$ and the child 
expectancy factors for foetuses has accordingly been taken to be 
closely equal to 90$ of the figure for under two year olds. 



Because statistical data for patients undergoing nuclear 
medicine procedures were collected in four age groups instead of 
twelve, the child expectancy factors were modified to cover these 
different groups. These are also included in Table 1(b). 

MODIFYING FACTORS 

Per caput doses will not reflect the detriment in a population 
if a substantial fraction of those doses is contributed by the exposure 
of individuals uho, for biological reasons, are not at risk. This 
occurs when any doses received by individuals would not be expected 
to make the passible biological effect manifest,due to the fact that the 
individuals may not live long enough or due to the particular condition 
for which the radiological procedure is necessary. In the case of 
reduced life expectancy of individuals, such reduction can only be taken 
into account if the reduced life expectancy is less than the latent 
period necessary for the relevant biological effect -to become manifest 
after the time of the radiological procedure. The genetically significant 
dose and mean bone-marrow dose to the population need to take such effects 
into account. This has been achieved as follows. 

(a) £B£etii£an{_ sdg/iifi,cant £ose_ 

For a number of radiological procedures, the child expectancy 
factors may be reduced because the conditions of patients require tha* 
the procedures be carried out. Apart from patients undergoing 
hysterosalpingography, a diagnostic examination for suspected infertility, 
and patients undergoing radiotherapeutic treatments for malignant 
conditions, there is no information that would suggest modifications to 
the child expectancy factors of patients with conditions that require 
them to undergo radiological jrocedures. In the two situations where the 
child expectancy factors were modified, the following procedures were 
adopted. 

(i) For women undergoing hysterosalpingography, the :hild 
expectancy was reduced to one half of that for other 
women of the same age group. This reduction was chosen 
on the basis of discussions with specialists who 
indicated that roughly half of their patients undergoing 
this examination subsequently bore children. 
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(ii) For patients undergoing radiotherapy treatments for 
certain malignant conditions the child expectancy factors 
were reduced because of the reduced life expectancy of such 
patients and because of reduced fertility following irradiation. 
Thus the child expectancy factors were reduced on a two-fold 
basis. The first reduction was based on the five-year 
survival rate for each condition and it was assumed that 
patients living after five years would not have a reduced 
jhild expectancy, unless there was loss of fertility. The 
second reduction factor - that resulting from loss of fertility, 
is known to be dose dependent (Qrecklin 1973, Sandeman 1963, 
Adrian 1960). However, the actual form of this reduction 
is unknown. For the present purpose, male fertility was 
assumed to fall linearly from unity at a gonadal dose of 
2 gray to a value of 0.02 at 10 gray, and to retain this 
value for higher doses. Female fertility on the other hand 
was assumed to fall linearly from unity at a gonadal dose of 
2 gray to zero at 10 gray. In the absence of reliable data, 
this procedure was considered to be a reasonable approach 
(Sandeman 1980) for assessing reduced child expectancy factors 
for radiotherapy patients. In Ihe special case of gynaecological 
treatments, the child expectancy factors were taken as zero. 
The modification to child expectancy factors for mortality 
rates for malignant diseases is presented in Table 2. The 
figures given in this Table have been derived from Levin (1974K 
They relate directly to the conditions in the U.S.A. but, 
as it is believed that health care for patients with these 
conditions in Australia and the U.S.A. would be similar, the 
use of such data for Australia would not result in gross errors 
in the assessment of the genetically significant dose from 
such treatments. 

(b) Meaji_bone_-jn a^rowjdos£ 

For the induction of leukemia, it is recognized that the latent 
period is of the order of ten years following irradiation (UNSCEAR 1977) 
and any patients not living that long after a procedure would therefore 
not be at risk. As with genetically significant dose, there is no 
information available on the reduction of life-expectancy for any patients 
requiring radiological procedures other than for those with malignant 
conditions. Modification can therefore only be made to the contribution 



to the per caput dose for such patients. Even sc f there is insufficient 
information available on the ten—year survival rates for various 
conditions to allow good estimates of the contribution to the per caput 
bone-narrow dose to be made. Such information needs to take into 
account the stage of the condition at the tine of initial diagnosis. 

From data given by Levin, it appears that the relative survival 
rate for ten years is only slightly less than that for five years for 
many conditions. Provided a patient survives for five years, there is 
a good chance that he will survive for ten years after treatment. For 
the purposes of estimating the mean bone—marrow dose from ti-e radict^eracy 
treatment of malignant conditions, it was therefore considered appropriate 
to apply the sane modifying factors for five—year survival as those 
applied to the genetically significant dose (Table 2). This will give 
an overestimate of the per caput dose for these treatments. 

REFERENCES 

Adrian (i960) Second report cf the Committee on Radiological Hazards 
to Patients. London : HflSO. 

Adrian (1966) Final report of the Committee on Radiological Hazards 
to Patients. London : HWSC. 

Commonwealth Department of Health (1980) Private communication. 

Levin, O.L., Oevesa, S.S., Godwin, 3.D. and Silverman, O.T., (1-74) 
Cancer rates and risks (2nd edition); OHEW Publication 
No. (NIH) 75-691. 

Orecklin, 3.R., Kaufman, 3.3. and Thompson, R.W., (1973) 3curnai 
of Urology 109; 293. 

Sandeman, T.F., (1966) British 3ournal of Radiology, 39; 301. 

Sandeman, T.F., (1980) Private communication. 

UNSCEAR (1062) Report of the United Naticis Scientific Committee on 
the Effects of Atomic Radiation. New York: United Nations; 
General Assembly Official Records, seventeenth session, supplement 
no. 16 (A/5216). 

UNSCEAR (1977) Sources and effects of ionizing radiation: United 
Nations Scientific Committee on the Effects of Atomic Radiation 
1977 report to the General Assembly, with Annexes. New York: 
United Nations. 



TABLE 1(a). Child expectancy factors 

Age group 
(years) 

Fgetus 
Under 2 
2-4 
5-9 

10-14 

15-19 

20-24 

25-29 

30-39 

40-49 

50-59 

60-69 

70+ 

Child expectancy factor 

Male Female 

1 . 85* 

2.00 2.05 

2.04 2.08 

2.05 2.09 

2.03 2.06 

2.05 2.10 

2.13 2.07 

1.80 1.44 

0.81 0.47 

0.13 0.03 

0.01 0.00 

0.00 0.00 

0.00 0.00 

•Reduced to allow for non 
live-births 

TABLE 1(b). Child expectancy factors for nuclear medicine 

Age group Wale Female *qe grouc 
(years) 

Under 2 
2-14 
15-29 
30+ 

2.00 
2.04 
2.01 
0.22 

2.05 
2.08 
1.90 
0.12 



TABLE 2. Modification factors for mortality rates for 
mali qnant condit ions 

Modification fac •tor Conditions 

0.80 193, 195 
0.65 181, 182 
0.55 174, 180 
0.50 171, 172, 173, 194 
0.45 161 
0.40 188, 189 
0.35 152, 

187, 
153, 
201 

185, 186, 

0.30 154, 183, 184 
0.25 191, 192 
0.20 203 
0.10 151, 170" 
0.05 140-150, 160, 162 
0.01 155-

204-
159, 
209 

196-200, 

• 



APPENDIX II 

THE ACQUISITION OF STATISTICAL DATA 

In order to obtain statistical data on the sex and age distribution of 
persons undergoing radiological procedures, questionnaire forms, together with 
suitable instructions, were issued to all known departments and practices in 
Australia in which such procedures were carried out. The forms were to be 
completed in the last quarter of 1970 over a two week period in X-ray diagnostic 
departments and practices (apart from a small number of very large departments, 
for which a completion period of one week was considered to be adequate) and over 
four week periods in dental, radiotherapy and nuclear medicine departments and 
practices. 

The questionnaire forms and associated instructions used are shown in 
exhibits 1-11. They were designed to be rompleted as each procedure was carried 
out so that data obtained would be as accurate as possible. Information was 
sought on the sex and age of each patient and, for females, if pregnant at the 
time of the procedure. Technical information on equipment and techniques used in 
the departments and practices was also obtained. 

Subsequently, the data were collated into suitable form for analysis 
so that the second part of the survey - the assessment of organ doses - could be 
undertaken. This analysis was necessary so that, for those radiological disciplines 
in which measurements were to be made, a sufficient number of measurements could 
be planned for each type of procedure and for each type of department and practice 
carrying out the procedures. The data were also collated into the age groups -
foetus, under 2 years, 2-4, 5-9, 10-14, 15-19, 20-24, 25-29, 30-39, 40-49, 50-59, 
60-69 and 70 and over years of age for each radiological procedure, except in the 
case of nuclear medicine where the age groups - foetus, under 2 years, 2-14, 15-29 and 
over 30 years were considered adequate. These age groups were in conformity with the 
recommendations of an ICRP-ICRIJ Report. Subsequently, child expectancy factors 
were obtained for these age groups. For the practical purpose of determining doses 
to organs of patients undergoing X-ray diagnostic examinations, the statistics 
were also collated in the age groups - foetus, under 2 years, 2-14 years and 
15 years and over. 

The number of departments and practices of various types requested to 
complete forms and the number returning forms are given in Table 1. A number of 
returns showed a zero or negligible number of examinations or treatments carried 
out in the survey period. Allowance for the workload of those departments and 



practices not returning forms urns made in the statistical data by assuming, 
in general, that the sex and age distribution of patients undergoing the various 
examinations and treatments in those places uould be the same as for those places 
of similar size that returned forms. For X-ray diagnostic departments and practices, 
allowance for missing data resulted in an increase of only ten per cent in 
the frequencies of examinations whilst for therapy departments and practicas, 
there was an increase of approximately twenty five per cent in the number of 
treatments and for dental departments and practices the increase was about forty 
per cent. The missing data from nuclear medicine departments were neglected as it 
was established separately that those departments and practices had a zero or 
near - zero use of radiopharmaceuticals at the time of completing forms. 
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TABLE 1. Issue and return of questionnaire forms 
by type of department and practice 

Category of No. of departments and No. of departments and 
department or practices to which forms practices which returned 

practice were issued forms 

01 421 290 
02 156 135 
03 55 54 
04 111 109 
40 190 167 
41 516 286 
42 193 174 
50 2322 1642 
60 31 25 
61 24 20 
62 20 15 
63 135 90 
70 58 50 
71 26 18 



OUTLINE OF SURVEY TO ASSESS THE 

GENETIC AND MEAN BONE MARROW DOSES TO THE AUSTRALIAN POPULATION 

The National Health and Medical Research Council through its Radiation Health (Standing) 
Committee, and in collaboration witri the Departments of Health in each State and the Commonwealth 
Department of Health in the Australian Capital Territory and the Northern Territory is undertaking 
a survey to determine the dose receive') by the Australian population from radiation emitted by X-ray 
equipment and radioactive substances when used for medical and dental purposes and by X-ray 
equipment used by chiropractors licensed to use such equipment. Surveys carried out overseas have 
shown that the major contributor to the total of ionizing radiations to which the population is exposed 
is the diagnostic and radiotherapeutic uses of X-rays and radioactive substances. The benefits 
arising from these uses of X-rays and radioactive substances are beyond dispute. Nevertheless, 
it is important to ascertain not only the magnitude of the total dose received by the population but 
also those uses which contribute most to this dose. 

An attempt was made in Australia some years ago to obtain similar information and the results 
were very much higher than those obtained in most of the other countries where surveys have been 
carried out. This earlier survey was limited to a selected section of the population and it is considered 
that the results obtained are not representative of the dose received by the population as a whole. 
Unfortunately the results of this survey are being quoted in the literature as being representative 
of the doses received from the medical and dental uses of ionizing radiation and radioactive 
substances in Australia. It is therefore desirable to carry out a comprehensive survey to obtain a 
more realistic assessment. 

The basic information required for the survey is:— 

(a) Statistical data on the number and types of radiological examinations and radiotherapeutic 
treatments carried out per year in relation to the sex and age of patients examined or 
treated. 

(b) Physical data on the average doses to gonads and bone marrow for each type of 
examination and treatment carried out. 

(c) Fertility factors giving the average child expectancy, i.e., the average number of children 
to be expected subsequent to any given age. 

The information for (a) above will be obtained by issuing through the Departments of Health 
a questionnaire form to all those departments and practices in which X-ray equipment and/or 
radioactive substances are used. Information will be obtained on the number of patients, by sex 
and age, examined or treated by various techniques over a specified period of time. 

The data for part (b) of the survey will be obtained by exposing special dosemeters on a 
number of patients in selected departments or practices during the actual radiological procedures. 
In the case of males, the gonadal dose will be measured directly. For females this dose will be 
derived from measurements made by placing the dosemeter directly above the ovaries. The bone 
marrow dose will be obtained by making measurements at suitable sites on both male and female 
patients. As the dosemeters used will be small and of tissue equivalent material, there will be no 
interference in the radiographs obtained or in the treatments being carried out. 

In those departments or practices where measurements are to be made, a number of dose
meters with detailed instructions as to their use will be supplied through the Department of Health. 
Details of the exposure are to be entered on separate forms and the dosemeters and forms returned 
for measurement and assessment. The number of measurements made will depend on the number 
of examinations or treatments carried out in the department or practice. 

In a large department it Is possible that a senior radiographer could carry out and/or supervise 
most of the work associated with the survey. It is anticipated that there will be minimal interference 
with the routine of the department and the time involved by any one individual should therefore be 
small. 

Exh ib i t 1 . Information sheet issued wi th quest ionnaire form3. 



The third set of basic information of the survey (c), will be obtained from Census statistics. 
This information will be used for the determination of genetic doses only. In this regard it is 
important to take into account the contribution to the foetus of any woman who is pregnant. All 
reasonable attempts should therefore be made to determine if a woman is pregnant or not. The 
genetic contribution from many patients will however be zero but it is necessary that the 
que? 'onnaire forms issued for part (a) be completed with respect to these patients as they must 
be taken into consideration in determining the mean bone marrow dose to the population. 

It is planned to designate a code number to all hospitals, departments and practices in 
Australia for the purposes of the survey. This code number is being designated so that information 
obtained can be kept confidential. At no time will information be made available which can be 
identified with individuals, hospitals, departments or practices. It is possible that information of 
a technical nature may be made available to appropriate organisations so that they can inform members 
of the types of techniques or equipments which appear to give unnecessarily large doses to patients, 
and it is hoped that these organisations will recommend to their members methods of reducing 
these doses 

Council has written to the Australian Medical Association and the medical colleges, the 
Australian Dental Association, the Australian Institute of Radiography and the Australian Chiro
practors' Association seeking their co-operation in this survey. Tne various associations and colleges 
have indicated that they would give this survey their full support. Co-operation by the members 
of the associations and colleges is necessary so that the results obtained will be representative 
of Australian practices as a whole and so that they can be quoted with a considerable degree of 
confidence in the literature. It is requested therefore that each person in a hospital, department 
or pract;ce where X-rays and/or radioactive substances are used for the examination and/or 
treatment of patients co-operate by following the instructions for completion of the enclosed 
questionnaire forms carefully and by entering all necessary details on these forms as accurately 
as possible. After completion of the survey it is proposed that the Radiation Health (Standing) 
Committee will prepare a report for submission to Council. 

Note for Chief Executive Officer, Manager/Secretary or Licensee of Hospital or Clinic 

It would be appreciated if you would arrange for this document and the enclosed questionnaire 
forms, with the instructions for completion, to be forwarded on to the radiology, aental, radio
therapy and/or nuclear medicine departments as appropriate, as soon as possible, so that the 
questionnaire forms can be completed over the period of time specified in the instructions. It is 
desired, for uniformity of data processing, that these survey periods be used wherever possible. 

Should the staffing situation be difficult at the proposed time of the survey, the completion 
of questionnaire forms could be deferred if necessary until any staff on leave return to work. Any 
delay from this cause however should be kept to the absolute minimum. 

The officer-in-charge of the department completing the forms may return the forms directly 
in accordance with the instructions or he may ask you to do so. If the latter procedure is adopted 
it would be appreciated if you could give every assistance in this matter. 

Exhib i t 1 Cont 'd . 



SUPPLY AND RETURN OF FORMS 

Upon receipt of questionnaire forms, it would be appreciated if you would check that 
sufficient forms have been enclosed for the survey period. If you anticipate that a further supply 
will be required, or if your supply should become exhausted during the survey then you shouid 
request these at the address below. 

Your co-operation is sought in the accurate completion of the forms and in the prompt 
return of them after completion of the survey period. They should be returned to the address below. 

Address for supply and return of forms:— 

ADVICE IN COMPLETING FORMS 

Groups have been set up in each State to advise wherever problems arise in the completion 
of the questionnaire forms. It is suggested that immediately any doubt or problems arise, you ring 
or contact one of the persons listed below so that you can receive advice on your problems. 

Exh ib i t 1 Cont 'd. 



NATIONAL HEALTH & MEDICAL RESEARCH COUNCIL 

ASSESSMENT OF GENETIC AND MEAN BONE MARROW DOSES TO AUSTRALIAN POPULATION 

Procedures for Obtaining Information on Radiological Examinations 

In order to obtain some of the information necessary for assessing the genetic and mean bone 
marrow doses arising from the radiological examination of patients, two questionnaire forms are 
necessary. Form No. 1 is to be used for giving general information on equipment and techniques used 
in a department or practice and Form No. 2 is to be used for providing data on the examination of 
patients. Form No. 1 should be completed by a Senior Officer of the department or practi • Form 
No. 2 is to be completed as each patient is examined. 

For the purpose of this survey, auxiliary departments under the same general control of the 
Officer-in-Charge and based in the same institution should be considered" as sections of the mam 
department. Separate questionnaire forms are being issued to Branches at other addresses and 
these are to be completed as separate departments The Officer-in-Charge of the main department 
should check that the Branches have received their separate questionnaire forms. 

Period of Survey 

The survey period is from Monday to Sunday inclusive Would you 
please ensure that this period is covered. Should circumstances arise where this is not possible, 
seven/fourteen consecutive days should be used for the survey period as close to the nominated 
period as possible. In all cases the period covered should be given at the top of Form No 1. 

Coding of Departments and Practices 

Each department or practice using X-ray equipment has been designated a code number so 
that the details supplied cannot be identified with the department, or practice at a later date 

Your Code Number is 

questionnaire forms. 

This number should appear on all copies of the 

Instructions for Use of Forms 

Form No. 1 should be completed by the Senior Officer at the beginning of the survey. A 
number of copies of Form No. 2 are enclosed together with envelopes which have instructions for 
completion of the forms printed on the outside. The Senior Officer is asked to issue one envelope 
and a batch of forms for use with each X-ray unit. Before doing so he should write on the outside of 
the envelope the code number designated to the department or practice and the X-ray unit number 
which is to be used for survey purposes. This unit number will be that given in Column 2 of Form 
No. 1. 

Form No. 2 is to be completed as each X-ray examination is carried out. The code number 
and unit number as given on the instruction envelope are to be written on the top of each copy of 
Form No. 2. 

Supply of Forms and Envelopes 
Upon receipt of the questionnaire forms and envelopes, please check that sufficient have 

been supplied for each X-ray unit in the department or practice for the survey period. On no account 
should entries for examinations carried out on different X-ray unit be entered on the same form. 
Only one copy of Form No. 1 is required for each department or practice. If sufficient forms are 
not supplied or further forms sre required at any stage during the survey period these can be 
obtained by contacting the person listed for your State in attached documents 

Numbering of Forme 

Each copy of Form No. 2 has been numbered. They must all be returned at the end of the survey 
period even if they have not been used. If any are damaged or used incorrectly then they must be 
returned with the word "Cancelled" written across them. 

Checking and Return of Questionnaire Forms 

At the end of the survey period the Senior Officer is asked to check that the code number is 
placed on Form No. 1 and the code number and X-ray unit numbers are placed on each copy of Form 
No. 2. He is also asked to check that all the information listed in both Forms Nos 1 and 2 appears 
to be completed accurately in all details. All forms issued to the department or practice are to be 
returned immediately at the end of the surve" period to the address given for your State in the 
attached documents. 

E x h i b i t 2 . Procedures f o r c o m p l e t i o r of forms f o r X - ray d i a g n o s t i c exams. 



Code No. FORM NO. 1 Period Covered to 
inclusive 

Details of X-ray Units 

Use one line only in the Table below for entering the details of each X-ray unit in the department 
or practice 

Column 1: This column is for your own use in identifying the units by the method usually useH 
within the department or practice (eg. , room No . model, screening room, etc) It wiii not be used 
for survey purposes 

Column 2 The numbers in this column are to be assigned by you to identify your X-ray units for 
the purpose of the survey and should be the only unit identification used at the top of Form 2. 

Column 3: Enter the appropriate number for the type of X-ray unit from the list on the back of this 
form 

Column 4: Enter one of the following numbers: — 

1 —-for light beam diaphragm 
2 — for cones 
3 — for no beam limiting devices 

Column 5: Give the total added filter in millimetres Aluminium Do not include the filtration of 
any light beam diaphragms. 

1 2 3 4 5 
Method of Identifying Unit Number Typo of Beam Added 

Unit Within Department for S u m y Unit Limiting Filter 
Purpose* ( > • • l i l t ) Device (mm At) 

01 

02 

03 

04 

05 

06 

07 

08 

09 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

-

27 

28 

29 

Exhibit j. Form no. 1 for X-ray diagnostic examinations. 



c U K lyiauc ui iMieiisiryiiig ocreens 

Express as a percentage of all examinations. 

1 2 3 4 

Fast Medium Detail None 

3 Method of Processing Films 

Please tick in the box corresponding to the method used for developing the bulk of the films. 

1 2 3 

Automatic Time-Temp 
Relation 

Inspection 

Method 

4 Exposure Factors 
Give typical exposure factors used in the department or practice for an average size 10 stone 
patient for each of the anatomical examinations listed below. In the case of children's hospitals 
only, typical factors for a 6 year old child should be given 

Please tick in box at right to indicate the exposure 
factors given 

10 stone adult 6 year old child 

1 2 

Anatomical Type 

of Examination 

«Vp mAa Focal-Film 
Dlatanca 

(Ina.) 

Uitial 
No. of 

Exposuraa 

Fluoroscopy 
Factora 

(if applicable) Anatomical Type 

of Examination 
AP 
or 

PA 
Lit 

AP 
or 

PA 
Lit 

AP 
or 

PA 
Lai 

AP 
or 
PA 

Lai 
t 

Obi. 
kVp mA 

Chest (lungs, heart, etc.) 1 

• • - - -

Arm and hand 3 

• • - - -

Femur (shaft and knee) 4 

. 
• • - - -

Lower leg and foot 7 

. 
• • - - -

Lumbar spine 11 
. 

• • - - -
Abdomen (not obstetrical) 13 

. 
• • - - -

Pelvimentry 15 

18 

. 
• • - - -

Stomach and G.I. Tract 
(inc. oesoph and duod.) 

Breast 

15 

18 

. 
• • - - -

Stomach and G.I. Tract 
(inc. oesoph and duod.) 

Breast 23 

. 
• • - - -

Exhibit 3 Cont'd. 



TYPE OF X-RAY UNIT 

The number listed at the left should be used in Column 3 of Form No. 1. 

1. Miniature Radiography (Chest). 

2. Dental. 

3. Mobile or Portable (all types). 
Brief Description (Make and Model). 

4. Full Wave Rectified (Fixed). 

5. 3 or 6 Phase Rectified. 

6. Units of Limited Output. (These include units suitable for the simplest examinations only and 
which are not covered in types 1 to 5). 
Brief Description (Make and Model). 

7. Any Other Type. 
Brief Description. 

Exh ib i t 3 Cont 'd . 



ASSESSMENT OF GENETIC AND i»TcAN BONE MARROW DOSES TO AUSTRALIAN POPULATION 

Instructions for Completion of n«w>c!A2;?;>i Examination Form No. 2 

Details of the radiological examination of each patient should be enterec on !• ese *orm:» a* tne exarrM-iat o> 
,s carried out It should be noted that where different examinations are earned out on the ore oa? er.t the detais c' 
each examination should be given or separate lines so that the patient wouid be !-s!ed as two o r Tor f innivd-...!1 

patients undergoing examination ie those examinations where two afferent A-ray \.r.'*$ t'-r^ ,;Sed for the one 
examination then the details applicable to each unit for that patient should be iisteo cr- the q..est orr . , 'r- forms 
supplied with each X ray unit so that the patient wouid aqain appear as two separate oarents 

Code No. and Unit No. 

These numbers are Code No Ur t No 

This envelope j i d enclosed forms must remain with this X- r a. ,.- t trro'.;ghoi.t ' re survey per od &"0 trese 
numbers must be entered on the top of every copy of Form No. 2 

Column 1 — Date 
The date of the examination should be listed here Ditto mar><s may be used -f desirec 

Column 2 — Sex 
This should be indicated by "M" or F 

Column 3 — Age 
The patient's age in years should be written \r this column For ci.'Cre" urser :wc years please indicate the 

age in years and months, using a comma to separate eg., child * year arc 5 p-orths oiri wou'd be l-steo as 1 3 
child 10 months old would be listed as 0. 10 

Column 4 — Pregnant 
This information is important to the survey and a'; 'easonable efo r ts s r o v " be mar:e tc comp ete t" s co ' . ; " " 

If the patient is pregnant then the number of m c ! 1 -• o f the pregnancy s^c.id be g-ven 

Column 5 — Anatomical Type of Examination 
A single number from 1 to 23 from hst A o" Form No. 2 sho .'.?. be ente'eci >r this column Where multiple 

examinations are earned o>jt on one patient and c the s ime unit, e n!rie^ ar-- -eg ;ireo fcr c.icr examination o^ 
separate lines, eg - - ch:;st and skull wouid be entered .".s though two patients h id been X-rayed 

Column 6 — Ancillary Aid 
A single number from 1 to 7 from list B on Form No 2 shou'•! be entered m t'-is coumr. If spot film cameras 

cine cameras or videotape recorders are used as additional aid« To those given n ••.;? B comp ete column 6 JS no 
list B and indicate these additional aids m Columns 11. i 2 or 13 

Column 7 — Total Number of Exposures 
The total number of exposures fo r each examination s h e ' d be p-te-ed "ere and this sro;;'d include 

exposures on film later discarded If more than one exposure is marie or o-ie *'i m these s^ou'd also be counted 
as separate exposures, e g — 4 Scaphoid views on one film count as 4 exoosures 

Columns 8 and 9 — Exposures with Gonads in Field 
It is important for the survey that this assessment be made a;; accurately as possibie T*-e pos.roi of the 

ovaries should be taken to be as given at the bottom of Form No 7 The figures entered r t^ese co'i.mns must also 
be included in those given in Column 7 

Column 10 — Screening-Milliamp Minutes 
This should be the most accurate estimate possible of the total exposure expressed as tre a'oriv.r.x of the 

tube curren* and screening time and should include that used for evoosmg one film or recording v dec tape for that 
examination, e g — 2 minutes screening at 4 mA 8 mA minutes 8 nrr-utes srwenirg at ; r-A 20 seconds c r-e 
at 12 mA 12 mA minutes 

Column 11 — Spot Film Camera 
This figure is also a part of the entry m Coiumn 7. e.g. — 1 Bar. im Me,:' ti-v 4 u-)e 'rms ar-'i •"• "0 mm films 

would appear as — 

Column 7 — 8 Column 11 — 4 

If one of the large films was a Cap series of 4 exposures, the m-tr/ wo-.'d t1,"T. h» 
Column 7 — 11 Column 11 — 4 

Columns 12 and 13 — Cine A Videotape 
The letter "Y" should be placed in either or both of these columns when one o» videotape .» •><»»•« - i.or> 

junction with other ancillary aids 

E x h i b i t <•• I n s t run r i O P I *~ -; r en rip Int. ion of f n r ^ nn. / . 



N.H. A MR C SURVEY Of GENETIC ANO MEAN BONE MARROW DOSES 

Code No. 
FORM NO. 2 

This form to be cowpttted at the time of each •: 

Unit No N* 14245 

A. » • ! • • • eal * W W F T - S * = C S S T 7 JLS* 

t. Cfecst Our.31. >-*,i-;. «-:•:! * *> A S i > - < - . ? . — ! - • S 

2. Tho-j« fnbs J T - V - . T V v '":; -c~. • • : £r-.:—*«< 'sSs:«"-.'-*"- » " " ~ " » - • * 

3 A.—> j - d K»-d 
"5 
' 6 

> 
" • " - • • " * ' * - = * • 

- P - . s ?T C * 2 « c . j : ^ y » 3 * - , - 0 « « -^?9-^»> / 3 A " * a 

5 H:p i - 2 -*-T'^r ' - ; » * ' * : - C ' • * S - : - * r - i G T - * c : . - ; « * J # \ 4 S ? - 1 C - = - y » - v . - i . . * - . . - - - ; 

6 r * - f - , . r fsr .s ' t .v> ; - - - > • * ! «.-; S U M ) , _ . . . _ j ^ . , . - ^ 

H^ . t * •;:!•': Cr~. J sr* - * * ' 
2'- :J-2SrJe*V > ; :V?) 

5 S— • C - i - j e - - - - • - • ? - ; ^ ; r 

a 
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For the purposes of this survey, assume the ovaries to be as follows:— 

Up to 2 years old — at the l*ve! of ' te iliac crest 
2-14 years old — 3 cm. inferior to the level of the iliac crest 
15 years on and adult — 6 cm. inferior to the level of the iliac crest 
Pregnancies (5 months and over) — in the upper abdomen. 

• i h i t * . For<r no. 2 for X-ray diagnost ic examinations. 



DESCRIPTION OF ANCILLARY AIDS 

No. 7-—Any other—-please describe ancillary aids used other than spot film cameras, cine cameras 
and videotape recorders. 
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NATIONAL HEALTH AND MEDICAL RESEARCH COUNCIL 

ASSESSMENT OF GENETIC AND MEAN BONE MARROW DOSES TO AUSTRALIAN POPULATION 

Procedures for Obtaining Information on Patients Undergoing Dental Radiography 

Questionnaire forms are being issued to ail departments and practices where denta! X-ray 
equipment is in use. In those cases where a dentist has practices at more than one address, he 
should ensure that forms have been issued to each address at which he maintains a practice 
using X-ray equipment. 

Period of Survey 
The survey is from Monday to Sunday 

inclusive. Would you please ensure that this period is covered. Should circumstances arise where 
this is not possible twenty-eight consecutive days should be used for the survey period as close to 
the nominated period as possible. In all cases the period covered should be given at the top of 
the questionnaire forms. 

Coding of Departments and Practices 
Each department or practice using X-ray equipment has been designated a code number so 

that the details supplied cannot be identified with the department or practice at a later date. 

Your code number is 

the questionnaire forms. 

This number should be written on all copies of 

Completion of Forms 
The forms, which are serially numbered, should be completed by the dentist or other 

responsible person in the department or practice as the radiographic examination of each patient 
is carried out. If any forms are damaged or rsed incorrectly, they should not be destroyed but the 
word "cancelled" written across them. 

If several identical dental equipments are available in a department or practice an arbitrary 
number should be given to each equipment for identification purposes. It may be necessary to refer 
to these numbers at a later date. Separate forms should be used for each equipment. 

When different examinations and/or repeat examinations are carried out in the survey 
period on the one patient the details of each examination should be given on separate linos so that 
the patient would be listed as two or more patients undergoing examination. 

The following should also be noted in completing the forms— 
Equipment Details: The make and model of the X-ray equipment should be given. If any 
modifications (such as collimators added to restrict the X-ray beam) have been made to 
the equipment then a description should be given on the back of the forms. 
Added Filter: If tho added filter is not known, this can often be determined by unscrewing 
the cone attached to the X-ray tube and measuring the thickness of any aluminium filter 
placed within the cone mounting. Replace the filter before making further X-r^y exposures. 
Method cf Processing Films: Films may be developed for a pre-determined time which is 
dependent on the temperature of the developing solution. When this method is used, cross 
out box No. 2 (Inspection). Alternatively, if development of films ceases after the films have 
been inspected and they appear to be satisfactorily dark cross out box No. 1 (Temp.-Time 
Relation). 
Column 2—Sex: This should be indicated by "M" or "F ' . 
Column 3—Age: The patient's age in years should be written in this column. For children 
und^r two years please indicate the age in years and months using a comma to separate, 
e.g., child one year and three months old would be listed as 1,3. 
Column 4—Pregnant: This information is important to the survey and all reasonable efforts 
should be made to complete tnis column. If the patient is pregnant then the number of 
months of the pregnancy should be given. 
Column 5-Type of Examination: Indicate the type of examination carried out in this column 
by using the appropriate number as given on the top of the form. 
Columns 6—Number of Films Used: The number of films used in an examination should be 
given when the X-ray beam is pointing in an upwards direction and in a downwards direction 
relative to a patient's face as well as at right angles (to within 5 degrees) to the face. 
The total number of films used should also be given for the examination. If any films in the 
examination are exposed and subsequently discarded or repeated then these should also be 
included. 
Column 7-Gonadal Shielding: If gonadal shielding is used (e.g. lead rubber or lead plastic 
drapes) insert "Yes" in this column for those patients, otherwise leave blank. 

Supply of Forms 
Upon receipt of the forms, please check that sufficient have been supplied to cover the 

survey period. If sufficient forms are not supplied or further forms (Form No. 3) are required at any 
stage during the survey period, these can De obtained by contacting the person listed for your 
State in the attached documents. 

Return of Questionnaire Forms 
All formr,, including cnncollnd nnd unused forms, are to be returned immediately nt the 

end of the survey period to ihe address given for your State in the attached documents. 

Exhibit 6. Instructions for completion of Form no. ''>. 
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FORM No. 3 N<? 39729 

Code No.: ! 

Equipment Number 
(if more than one available) 

Equipment Details:— 

Make: 

Model : 

Period Covered to 

Type of Examination 
1. Periapical 
2. Bitewing 
3. Occlusal 
4. Large Films, 1/4, 1/2 plate, etc. 
5. Pan-oral radiography 
6. Any other—describe on back of form 

Added Filter: mm A l 

Length of Cone: c 

Iv 

Cross out below boxes not applicable 
peed of film usually used: 

Usual exposure factors for intra oral , lower molar 
films 

c 

Iv 

F 
i 

lethod of proces 

1 
t 1 2 
wt MatJIum | Slow 

kV: mA: Time: sec. 

c 

Iv 

F 
i 

lethod of proces sing f i lms: 

Distance of face from cone: 

c 

Iv 

I 1 I 
Tamp.-Tim* 

1 Ralatlon | 

2 
Inspection 

1 

Date of 
Examination 

2 

Sex 

M or 
F 

3 

Age 

Yrj. 

4 

It Preg. 
State 

No ol 
Months 

5 

Typo of 
Exam. 

(From List 
Above) 

6 

No. of Films Used with Beam Pointing 

7 

Gonadal 
Shielding 

2 

Sex 

M or 
F 

3 

Age 

Yrj. 

4 

It Preg. 
State 

No ol 
Months 

5 

Typo of 
Exam. 

(From List 
Above) Upwards 

(Relative to 
Face) 

Downwards 
(Relative to 

Face) 

At Right AnglM 
to Face 

Total Films 
Used 
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Fxhibjt 7. Form no. 3 for dental radiography. 



Description of modifications made to X-ray equipment. 
(If, for example, a collimator is inserted, its dimensions and position shoi:!d be indicated 

Diagrams would be helpful here.) 

Description of other types of examination (item No. 6) 
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NATIONAL HEALTH AND MEDICAL RESEARCH COUNCIL 

ASSESSMENT OF GENETIC AND MEAN BONE MARROW POSES TO AUSTRALIAN POPULATION 

Procedures for Obtaining Information on Treatment of Patients with 
X-ray Equipment a n d / o r Sealed Radioactive Sources 

For the purpose of this survey, auxiliary departments under the same general control of the 
Officer-in-Charge of the main department and based in the same institution should be considered as 
sections of the main department. Separate questionnaire forms are being issued to Branches at other 
addresses and these are to be completed as separate departments. The Officer-in-Charge of the main 
department should check that the Branches have received their separate questionnaire forms. 

Period of Survey 

The survey period is frcm Monday to Sunday inclusive. 
Would you please ensure that this period is covered. Should circumstances arise where this is not possible, 
twenty-eight consecutive days should be used for the survey period as close to the nominated period as 
possible. In fill cases the period covered should be given at the top of the questionnaire forms. 

Coding of Departments and Practices 

Each department or practice using X-ray equipment and/or radioactive sources has been designated 
a code number so that the details supplied cannot be identified with the department or practice at a later 
date. 

Your code number is 
questionnaire forms. 

This number should be written on all copies of the 

Supply and Use of Forms 

The questionnaire forms should be completed by a Senior Officer or other responsible person in 
the department o; practice in accordance with the instructions below. 

Upon receipt of the forms, please check that sufficient have been supplied to cover the survey 
period. If sufficient forms are not supplied or further forms (Form No. 4) are required at any stage during 
the survey period, these can be obtained by contacting the person listed for your State in the attached 
documents. 

All questionnaire forms have been serially numbered. If any are damaged or used incorrectly, they 
should not be destroyed, but the word "Cancelled" written across them. 

Return of Questionnaire Forms 

All forms, including cancelled and unused forms, are to be returned immediately at the end of the 
survey period to the address given for your State in the attached documents. 

Instructions for Completing Forms 

In the following instructions, those paragraphs marked with an asterisk (*) are of importance to 
Dermatologists, who need not concern themselves with the paragraphs not so marked. Those paragraphs 
marked with a dagger (t) are of importance to Gynaecologists, who need not concern themselves with 
paragraphs not so marked. 

Patients to be Included 

' t Details of all patients whose prescribed course of radiotherapeutic treatment is completed in the 
survey period should be documented on the forms provided. Full treatment details should therefore be 
available immediately for entry on these forms. 

There is one exception to this rule. When permanent implants are inserted during the survey period, 
details for these patients should always be li lted — see example (e) below. 

Exhibit 8. Instructions for completion of Form no. 4. 



* t The whole of the prescribed course should be summarized on tne forms even if the major portion 
was given prior to the survey. 

* t Occasionally, either by deliberate design or by force of the patient's circumstances, parts of a 
planned course of treatment may be administered in different institutions. In such a cast the institutions 
concerned should collaborate to determine whether or not it is appropriate, in the light of these general 
instructions for details of the whole (or part, see example (f) below) of the treatment to be entered on 
these forms and to arrange that a l l of the entry for this patient is made by only o n * of th» institutions 
concerned. 

* t The examples given below should be used as a guide in determining which patients should have 
their treatment details recorded on the forms: 

* t (a) A patier.t completes a course of treatment or has a radioactive source "emoved in the first week of 
'he survey. This should be included. 

* t (b) A patient starts a protracted course of treatment before or during the survey, continues through the 
period and completes it the Monday following the last day of the survey period. This must not be 
included. 

* (c) In a patient with a disease which may involve multiple courses to different areas, only the course 
completed in the time specified should be included. 

* (d) Spaced single fractions, e.g. 850 rads given on days, 0, 14 and 28, should only be recorded 
if the last falls with the period. The whole course must be included. 

(e) A patient is treated by a combination of a permanent seed implant in the tongue and a course 
of X-ray therapy to the neck. If the seeds are inserted during the survey period they should be 
listed. If the X-ray therapy course finishes during the survey period it should be listed. Thus one 
or both parts of the planned and executed treatment would be listed for the survey. 

(f) The first part of a "split course" of radiation treatment is completed within the period, the second 
to follow after the survey ends. This patient should not be included unless the interval between 
the two parts is greater than six weeks or the second part is conditional on response, i.e., the 
second portion will only be given if it is indicated. 

If the intention to administer a second portion is clear, e.g., an implant (other than a permanent 
implant) is to be inserted some time after a course of X-ray therapy to the same region and the 
final treatment ends after the survey, the whole should be excluded. Equally, if the implant is 
removed during the survey, the X-ray treatment should be included as well if it formed part of 
the planned therapy. In the event of the second part of a "split course" ending during the survey 
period, both parts should be recorded unless the interval between the end of the first part and the 
beginning of the second is greater than six weeks. In such a case the second part only of the 
course should be listed. 

" t One line of the form is to be used for each field treated or area implanted. Throughout these 
instructions, the term " f ie ld" means the planned treatment area to which a number of separate treatments 
may be delivered. Details of the total treatment to each field or area should be summarized on the one 
line unless two different forms of treatment are employed as in (f) above, in which case each form of 
treatment will occupy one line although the field or area treated is the same. 

* When treatment to a patient is delivered through several different fields (e.g. opposed, tangential 
or separate, etc.) one line should be used for each field. Where details of a course of treatment involving 
several fields will not fit on the bottom of one page the whole should be recorded on a new page so that 
the basic data of the patient are not duplicated. Double pendulum therapy counts as two fields. Two or 
more separate areas treated by radioactive plates, moulds, seeds needles or tubes will also require two 
or more separate lines. The basic data about the patient should be dittoed. 

It is suggested that all patients having special techniques such as rotation, pendulum or grid therapy 
should be grouped on one form since the details required differ from the others. 

* t The following procedure should be used in completing the columns given on the questionnaire 
forms. 

Column 1 — Patient Number 

* t An arbitrary number shot/Id be allocated to each patient in order to separate the data relating to 
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different patients. This number may be the number used in the department or practice, if desired. It will 
not be used for survey purposes. 

Column 2 — Sex 
"t This should be indicated by " M " or "F." 

Column 3 — Age 
* t The patient's age in years should be written in this column. For children under two years please 

indicate the age in years and months, using a comma to separate, e.g. child one year and three months 
old would be listed as 1,3; child ten months old would be listed as 0,10. 

Column 4 — Pregnant 
* This information is important to the survey and all reasonable efforts should be made to determine 

if a patient is pregnant or not. If the patient is not pregnant or her condition is unknown then a tick 
should be placed in the appropriate column. If the patient is pregnant then the number of months of 
the pregnancy should be given. 

Column 5 — Condition of Treatment 
* t A code D is provided for the Diagnosis. Non-malignant conditions are collected into several groups. 

It should be noted that for groups 1 k and 7, these numbers should be entered in Column 5 but a description 
of the condition should be given on the back of the questionnaire form. For malignant conditions the 
coding used is based on the International Classification of Malignant Disease. Note that it is the primary 
malignancy that determines the code number and not the site treated. Metastases should be recorded under 
the primary diagnosis if this is known. If the primary is not known use 196, 197 or 198 according to 
the organ being treated. These numbers are only to be used where no origin has been found for the 
tumour. Where primaries are grouped, use the lowest number. 

Column 6 — Site 
* t A diagram S is provided with codings to indicate the Site of treatment. The coding which most 

suitably corresponds should be written in column 6. If the field overlaps several areas by a large amount 
all should be recorded Minor overlaps can be ignored. 

* If the male gonads are in the direct beam, please indicate by the letter L. 
* f Female gonads are assumed to be in any treatment applied in region D. 

Column 7 — Equipment Used 
* t The type of Equipment used for the treatment should be entered in this column by using the 

appropriate number given in code E. 
* t For sealed radioactive sources it should be noted that there is a distinction between those used 

as surface applicators utilizing the beta-ray component and those moulds in which the gamma-ray emission 
constitutes the useful radiation. If any sealed radioactive sources other than those listed in groups 9 to 16 
are used, they can be given the code number 17, but details should be recorded on the back of the 
questionnaire form. Unsealed radioactive isotopes should not be included on this form. 

Column 8 — Technique 
* t The Technique used for the treatment should be entered in this column by using the appropriate 

symbol in Code T. Note that fixed field (F.F.I technique is the X-ray therapy technique used by dermatologists. 

Column 9 — Gonads Shielded 
* The use of gonadal shielding should be indicated by a tick in the appropriate column. 

Column 10 — H V l 
(Net required fer coaled radioactive lourcet) 

* The half-value layer (HVL) should be entered in these columns for all beams other than those from 
teletherapy, megavoitage and electron therapy equipments. 

Column 11 — Dimensions of Field 
(Net required fer sealed radioactive towrcei) 

* The dimensions of the field should be recorded in centimetres giving the transverse measurement 
first and then the length along the long axis of the patient's body. Oval fields can be assumed to be 
oblong. Circular fields should be represented by their diameter and the symbol 0 . 

' If fields are diagonally positioned that nearest to the transverse dimension should be written first. 
If field size is altered during treatment the maximum should be stated. Shielding of less than one-third 
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of the area can be ignored, but if more than one third is shieided an appropriate adjustment to the 
dimensions can be made. Alterations of shielding during the course can be ignored. 

For special techniques involving long axis and short axis rotation, the size of the arc in degrees 
(making sure the units are clearly marked) should be given first, followed by the dimension of the field 
at right angles to the movement of the X-ray bejm. It is suggested that all special techniques be grouped 
on a separate form as the derails required are slightly different. 

C o l u m n 1 2 — Tota l Dose t o Fie ld 
(Not required for sealed radioactive sources) 

In this column is inserted the total surface or peak dose applied to the field over the whole of 
the prescribed course of treatment by each beam. Mixtures of treatment either of different HVL or of 
implant plus X-ray therapy should be treated as different fields and the dose from each portion recorded 
separately in the appropriate columns. N o t e t h a t t h e e n t i r e g i v e n dose is r e q u i r e d , n o t just t h a t 
d e l i v e r e d d u r i n g t h e s u r v e y — see f o u r t h o a r a g r a p h of t h e instruct ions f o r c o m p l e t i n g t h e 
f o r m s . 

For cas^s undergoing rotation or pendulum therapy the dose required is the total tumour dose 
and this fact should be recorded, e.g. T.D. 6000 . In double pendulum therapy the total T.D. from both 
fields should be halved, one half being recorded as being delivered from each field, e.g. if the total T.D. 
is 4 0 0 0 rads from two pendulum areas 10 cm long each of 60 , there will be two lines each reading: 

C o l u m n 8 — P 

C o l u m n 1 1 — 60 » 10 cm 

C o l u m n 1 2 — T.D. 2000 

For cent res w h e r e t h e r a d is n o t t h e n o r m a l uni t u s e d , t h e w o r d " r a d " a t t h e h e a d 
o f co lumn 1 2 should b e scored ou t a n d t h e a p p r o p r i a t e a l t e r a t i o n c a r r i e d o u t in r e d . P l e a s e 
b e ca re fu l t h a t m i x t u r e s of r a d s a n d r o e n t g e n s a r e no t w r i t t e n on t h e s a m e f o r m . 

C o l u m n 1 3 — Act iv i ty a t B e g i n n i n g of App l ica t ion 
(Not required for X-ray therapy, teletherapy and electron therapy) 

" t The activity of th j source at the beginning of each application should be stated here in millicuries 
(mCi) for anything other than radium which should be recorded in milligrammes (mg.). 

C o l u m n 1 4 — D u r a t i o n o f A p p l i c a t i o n 
(Not required for X-ray therapy, teletherapy and electron therapy) 

* t The duration of each application should be recorded in these columns giving the time in days, 
hours or minutes. 

For permanent implants the duration of the application should be given as x or "Perm." 

C o l u m n 1 5 — N u m b e r o f T r e a t m e n t s t o F ie ld or R e g i o n 

' The total number of treatments applied to each field in the current course is required whether these 
occurred during the survey period or before it. Treatments to the same field from previously completed 
courses should not be included. A course which involves treatments following the survey period should be 
excluded entirely. 

* t If one applicaJ'On of a sealed radioactive source is made to a region, this is to be token as one 
treatment. If repeat applications are made with the same activity sources and treatment times to that region 
then the number of applications should be given in this column. For repeat applications of differing activity 
sources and/or treatment times to the same regions, then these should be listed separately and bracketed 
to show that the details apply to the one region. For permanent Implants inserted in the survey period the 
number of treatments should be given as " 1 . " 

C o l u m n 1 6 — O v e r a l l P e r i o d o f Course 

" t The treatment period for the course is the inclusive duration of radiation therapy for that course 
expressed in "days." In the case of divided dose or protracted treatments then the overall time from the 
first day of treatment to the last day of treatment should be given. For example if a vaginal tube is inserted 
for four days and a repeat insertion is made fourteen days after the first insertion, then the duration of 
the course would be eighteen days; if a source is removed on the sixth day, the period should be given 
as six days. A single treatment of less than twenty-four hours should be recorded as one day and a 
permanent implant recorded as x or "Perm." 



• . u v i rvK uac IN ( . U I W I H I N G QUESTIONNAIRES (FORM No. 4) 

S Code for Site (Col. 6 ) 

• Code for Conditions Treated (Col . S) 

Non-Mal ignant Disease 

1 Skin Conditions 
a Acne vulgaris 
b Dermatitis — eczema including 

neurodermatitis 
lichen simplex 
pompholyx 

c Furunculosis 
boils 
sycosis barbae er nuchae 
folliculitis 

d Herpes simplex, recurrent 
€ 
f 

Hyperhidrosis 
Keratoses 

9 Paronychia 
h 
i 

Psoriasis 
Warts 

k Any other (please describe on back of questionnaire form) 

2 Glandular enlargement, e .g . , , thymus, T.B. glands 
3 Ankylosing spondylitis 
4 Arthritis, rheumatism, etc. 
5 Artificial menopause 
6 Deafness 
7 Any other (please describe on back of questionnaire form) 

Malignant Neoplasm 

140-149 Buccal cavity and pharynx 

150 Oesophagus 
151 Stomach 
152 Small intestine, including duodenum 
153 Large intestine, excluding rectum 
154 Rectum, including rectosigmoid junction 
155-159 Other digestive organs and peritoneum 

160 Nose, nasal cavities, middle ear and accessory sinuses 
161 larynx 
162 Bronchus, trachea and lung 
163 Unspecified respiratory organs 

170 Bone 
171 Connective and other soft tissue 
172-173 Skin 
174 Breast 

180 Cervix uteri 
181-182 Other uterus 
183 Ovary, fallopian tube and broad ligament 
184 Other and unspecified female genital organs 
185 Prostate 
186 Testis 
187 Other male genital organs 
188 Bladder 
189 Kidney and ureter 

190 Eye 
191-192 Brain and other parts of nervous system 
193 Thyroid 
194 Other endocrine glands 
195 Ill-defined sites where primary is in the region but not specifiable 
196 Secondary in lymph nodes (primary unknov/n) 
197 Secondary in respiratory or digestive system (primary unknown) 
198 Secondary not covered by 196, 197 (primary unknown) 

700 Lymphosarcoma and retlculum-cell sarcoma 
201 Hodgkin's disease 
202 Otiier neoplasms of lymphoid tissue 
203 Multiple myeloma 
204 Lymphatic leukemia 
205 Myeloid leukemia 
206 Monocytic leukemia 
207 Other and unspecified leukemia 
208 Polycythemia yen 
209 Myelofibrosis 
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L - mafe gonads 

E — Cod* for Radiotherapeutic Equipment (Col. 7) 

X - r a y Therapy, Teletherapy 
and Electron Therapy 

1 Beryllium window tube 
2 Contact therapy (Philips) 
3 Contact therapy (Siemens) 
4 Superficial therapy (up to 140 kVp) 
5 Deep therapy 
6 Teletherapy 
7 Linear Accelerator (X-rays) 
8 Linear Accelerator (Electron Beams) 

Sealed Radioactive Sources 
Beta-ray Treatments 

9 Strontium 90 
10 Radium plate 
11 Yttrium 90 

Gamma-ray Treatments 

12 Radium (other than 10) 
13 Radon 
14 Gold 198 seeds 
15 Cobalt 60 (other than 6) 
16 Caesium 137 (other than 6) 
17 Any other source (please describe on back 

of questionnaire form) 

T — C o d e for Technique (Col. 8 ) 

X - r a y Therapy, Teletherapy 
and Electron Therapy 

FF Fixed field 
LR Long axis rotation 
SR Short axis rotation 
P Pendulum 
CF Compensating filter 
G Grid or sieve 
W Wedge 

Sealed Radioactive Sources 

P Plate, plaque or eye applicator 
M Mould 
T Intracavitary tube 
O Ovoids 
N Interstitial needles 
S Interstitial seeds 
W Interstitial or intracavitary wire 
SC Seed chains 
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Cod* No. I 1 
N.H. * M.R.C. SURVEY OF GENETIC AND MEAN BONE MARROW DOSES 

FORM No. 4 

Details relat ing to treatment of patients are to be entered on this fo rm. 

Period of Survey 
I I I.'HI 
to 

•jti.nt 
Nuabw 

1 3 

To be Completed for All Patients 

4 

Prtgnin* 

Not 
Known 

If 10. 
No. ol 
Month! 

X-ray Therapy, Teletherapy 
and Electron Therapy Only 

Sealed Radioactive 
Sources Only 

For Al l Palienls 

Condition 

Uie 
Cod* D 

6 7 
I > 9 | 10 ! 11 12 13 14 IS 16 

Sit. I 

U i . j 
Cod* S ' 

Equipment 
Used 

Hie 
Cole E 

1 
i 
i 

Technique 

U i . 
Coda T 

r 

Gonad* 
Shielded 

1 
Yei No 

1 

i 

i 
Al 

HVL 
mm 

Cu ; 

Dimension. 
Of Field 

<m 

Total 
Doie to 

Field 

Activity it 
Beginning of 
Application 

mCi mg • djy 

Duration 
Of 

Application 

min 
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NATIONAL HEALTH AND MBHCAt RESEARCH COUNCIL 

ASSESSMENT OF GENETIC AND MEAN BONE MARROW DOSES TO AUSTRALIAN POPULATION 

Procedures for Obtaining information en Patents Undergoes Diagnostic 

Examinations or Treatments with Unsealed Radwactwe Source* 

Separate questionnaire forms are being issued to all departments and practices where un
sealed radioactive sources are used for the diagnostic examination and/or treatment of patients. 
Officers of a department should ensure that forms are available in other places outside that 
department where they may have some responsibility. 

Period of Survey 
The survey is from Monday to Sunday inclusive. 

Would you please ensure that this period is covered. Should circumstances arise where this is not 
possible twenty-eight consecutive days should be used for the survey period as close to the nomi
nated period as possible. In all cases the period covered should be given at the top of the 
questionnaire form. 

Coding of Departments and Practices 
Each department or practice using radioactive sources has been designated a code number 

so that the details supplied cannot be identified with the department or practice at a later date. 

Your code number is I This number should be written on all copies 
I i 

of the questionnaire form. 

Completion of Forms 
The forms should be completed by a Senior Officer or other responsible person in the 

department or practice. It is recommended that the required information be entered on the forms 
daily so that administrations of isotopes are not over-looked. 

All forms have been serially numbered. If any are damaged or used incorrectly, they 
should not be destroyed but the word "cancelled" written across them. 

In the event of isotopes being administered to a patient on more than one occasion in the 
survey period, the information relating to such administrations should be given each time so that 
the patient would be listed as two or more patients undergoing examination and/or treatment. 

When completing the forms, the following procedures with respect to certain columns should 
be used. 

Column 2—Sex 
This should be indicated by "M" or "F" . 

Column 3—Age 
The patient's age in years should be written in this column. For children under two years 
please indicate the age in years and months using a comma to separate, e.g., child one 
year and three months old would be listed as 1.3; child ten months old would be listed as 
0,10. 

Column 4—Pregnant 
This information is important to the survey and all reasonable efforts should be made to 
complete this column. If the patient is pregnant then the number of months of the preg
nancy should be given. 

Columns 6, 7 A 8 
Use the appropriate symbols as given on the back of these instructions. In those cases 
where further descriptions are required these should be given on the back of the forms. 

Supply of Forms 
Upon receipt of the forms, please check thai sufficient have been supplied to cover the 

survey period. If sufficient forms are not supplied or further forms (Form No. 5) are required at 
any stage during the survey period, these can be obtained by contacting the person listed for your 
State in the attached documents. 

Return of Questionnaire Forma 
All forms including cancelled and unused forms are to be returned immediately at the end 

of the survey period to the address given for your State in the attached documents. 

Exh ib i t 10. I ns t ruc t i ons f o r completion of form no. 5. 
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N.H. & M.R.C. SURVEY OF GENETIC AND MEAN BONE MARROW DOSES 

Code No. 

FORM No. 5 

Per-jd Covered 

N9 50353 
to 

J.S.MCC. I- 336 

Use one line only for each administration of unsealed radioactive isotopes. 

D a t * of 
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Sex 

M or 
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Activity Admin is tered 
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Use C o d e ! 

Exh ib i t 11 . Form no. 5 f o r nuclear medicine. 



Rouie of Administration-DoscriLe here any routes other than those listed 
(i.e. those of Code No. A) 

Radiopharmaceutical—Describe here any radiopharmaceuticals used other than thosv Upted 
(i.e. those of Code No. 57). 

i 
i 

Intended Use —Describe here any uses other than those listed (i.e. those of Code Nos. F.26. L.3, 
L.17 or T.6). 

E x h i b i t 11 Con t ' r i . 



APPENDIX III 

REQUIREMENTS IN DEPARTMENTS AND PRACTICES FOR DETERMINATION OF 
DOSES RECEIVED BY PATIENTS UNDERGOING X-RAY DIAGNOSTIC EXAMINATIONS 

Before undertaking measurements of the doses received by patients, 
the methodology used in surveys carried out in other countries was studied, 
(Adrian I960; Gitlin 1966; Villforth, 1969). However, it was realized that those 
methods could not be used in Australia due to the distribution of the Australian 
population over a very large area and the lack of manpower and resources necessary 
to make sufficient measures to effect a realistic assessment of the doses delivered 
to patients throughout Australia. It was therefore planned that TLD's would be 
issued to departments and practices for placing on patients during the examinations, 
thereby enabling direct measurements of the doses received by them to be made, and 
that extra information would be obtained at the time of the examinations in order 
to subsequently calculate the doses to gonads and bone marrow from the TLD readouts. 

In order to assist in the calculation of gonadal doses, the Bureau of 
Radiological Health of the Department of Health, Education and Welfare, U.S.A. 
made available the data and programs it used in the surveys undertaken in the 
U.S.A. in 1964 and 1970. As the Bureau data and programs did not cover gonadal 
dose calculations for patients of all ages and patients undergoing all types of 
examinations and did not cover the calculation of bone-marrow dose, special 
laboratory investigations and calculations were also necessary. The laboratory 
investigations and calculations were used in conjunction with the readouts from 
the TLD's used on female patients for the calculation of bone-marrow dose. 
Details on methods used to calculate the organ doses arising from X-ray diagnostic 
examinations are covered in separate papers (Morris, 1980a, 1980b; Solomon 1980b). 

For determination of male gonadal doses, TLD's were placed on the scrotum 
for all examinations. For determination of female gonadal doses, the TLD's were 
generally placed in the direct X-ray beams for most radiographic examinations 
and at ovary level for fluoroscopic examinations and some special investigations. 
Two TLD phosphors wars made available - one, LiF, was used for measurement of the 
direct radiation beams and other, CaF„:Dy was used for measurement of low doses 
arising from scattered radiation. 

The determination of organ dose from the TLD readouts required that 
procedures for the application of TLD sachets to patients be carefully followed 
and that certain data be supplied at the time of carrying out the examination. 



Accordingly instructions and dcse assessment forms were prepared in advance for 
the above purpose, and designed to facilitate the completion cf forms during the 
examination and the subsequent data punching. Hcwever, the instructions were not 
always followed exactly and some data were not recorded correctly, with the result 
that a number of TLD readouts could not be used in the overall assessment of 
population dose. The instructions for use of TLD sachets and completion cf dose 
assessment forms are given in exhibits 1-9. 

Before distribution of TLD's and dose assessment forms to departments 
and practices, an analysis of the data collected in 1970 was carried out to 
determine the number of measurements required for each type of examination and 
the departments and practices in which they would be made. 

ANALY5IS CF WEASUREWENT REQUIREMENTS 

Due to the differences arising in exposure conditions between departments 
and practices for the same examinations, large variations occur in the doses 
delivered to patients undergoing these examinations. In the initial planning, 
recourse was made to the number of measurements made in the U.K. survey (Adrian 1960) 
as a guide. In that survey, 5414 measurements of dose were made, covering all 
types of examinations for a population of 53 million persons. On a proportional 
basis, 1275 measurements should suffice in Australia for its population cf ~12.5 
million persons. Due to different procedures proposed for the survey in Australia, 
it was considered that attempts should be made to make measurements on a verv much 
larger number cf patients. 

Although statistical data were cbtained on tne sex and age distribution 
of patients in twelve age ranges, it was decided that the age groups for measurement 
purposes would be under 2 years, 2 to 14 years and 15 years and over. It would have 
been impossible to obtain measurements on each of the twelve aqe groups covered in 
the first part of the survey. The age group 2 to 14 years, in particular, presented 
problems due to the vast differences in patient size in this age range. As there 
were not sufficient patients presenting for this age range to Da subdivided, it was 
requested that, if possible, patients should be chosen somewhere near the centre 
of the age range for measurement purposes. For calculation of genetic doses, 
the average dose in each of the three age groups was applied to the numbers of 
patients in the various age groups making up these three ranges. 

The distribution was planned on the basis that the determination of the 
genetically significant dose was the prime requirement for the survey and the mean 
bone-marrow dose was the secondary requirement. Greater emphasis was placed un 
measurements for those examinations in which the gonads would be in the direct X-ray 



bdam as these would have the greatest bearing on the genetically significant dose. 
Examinations were therefore divided into two groups -

(a) thosu in which there would be a reasonable possibility of 
the gonads being in the direct X-ray beam, taking into 
account any bad practices that may be prevalent, and 

(b) those in which there would most unlikely be any chance 
of the gonads being in the direct X-ray beam. 

The former group consists of examinations, number 04, 05, 06, 11, 12, 13, 
14, 15, 18, 19, 20, 21 and 22, with the latter group consisting of the remaining 
examinations., It was recognised that for young children and babies, some 
examinations in group (b) may include the gonads in the direct X-ray beam and 
this was taken into account in the allocation of measurements. 

The distribution scheme for the measurements was to allocate 7556 of the 
planned number of measurements for a State or Territory to adults undergoing 
examinations of group (a) and the remaining 25$ to adults in group (b), regardless 
of sex. The measurements were allocated to the different types of department or 
practice in proportion to the total number of patients undergoing each examination 
in each type. Where the allocated number of measurements was small, this was increased 
to give a minimum number of six measurements in each examination/department type 
grouping. The number of measurements allocated for each grouping was then 
distributed amongst the various departments and practices by a random sampling 
process, but with the proviso that any department and practice so selected should 
have sufficient patients presenting for examination within a reasonable period 
of time. In addition, it was decided that each department or practice that was 
selected for measurements should make measurements on at least 5 patients. Where 
this latter requirement could not be met by a department or practice due to it 
only having a small work-load, measurements allocated to it were reassigned to 
other departments and practices of the same type in order that the minimum number 
of 5 measurements could be made. The measurements were then divided nearly equally 
between male and female patients within a department or practice, apart from those 
examinations that relate to female patients only. 

For patients in the under two years and two to fourteen years age groups 
the allocation was made on the basis of approximately 10$ of the number of patients 
of those age groups recorded in th9 two week period in 1970, or on six patients, 
whichever was the greater. The number of measurements so derived was included in 
t̂ e minimum number of five in a department or practice, as referred to above. 
As with adults, the total number of measurRments allocated also depended on there 
being sufficient number of patients available for the purpose, this inf urnvt.i or, 
beinr) obtained from thf> 1rj70 returns. 



Ill 

The above allocations were for routine type examinations. For the more 
complex examinations, it was decided to allocate measurements to about one quarter 
of the numbers listed in the two-week period in 1970. The number of such examinations 
was small and the assessment of the doses arising from them would be difficult. 
Their overall effect en the genetic and mean bone-marrow doses would be only a small 
fraction of the contributions from the routine type examinations. 

Because of the measurements allocated for children and babies and for the 
more complex examinations and because of the requirement for minimum numbers of 
measurements to be made for the various examination/department type groupings, the 
final allocation of measurements was often about 25?S greater than the original 
number planned for a State or Territory. 

USE GF TLD's AND INFORMATION OBTAINED 

For determination of male gonadal doses, a sachet was placed directly 
against the scrotum and left in position for an entire examination. Because some 
of the doses received were small, the same sachet was used for two or three males 
undergoing the same examination. (Fresh small paper envelopes jere used to contain 
the sachets for each patient for hygienic reasons)a Technical data on the exposure 
factors were obtained for each examination, so that the dose at the effective centre 
of the testes could be calculated. 

For determination of female gonadal doses, one or more sachets were used 
for each patient undergoing examination. The calculation of gonadal dose varied 
according to the type of examination involved and accordingly the method used for 
determination of dose varied. Examinations were divided into the following six 
groups: 

(1) radiographic examination of the trunk region and upper 
part of leg, without use of ancillary aids 

(2) radiographic examination of the head and lower leg and feet, 
without use of ancillary aids 

(3) fluoroscopic examination of the body, using ancillary aids 
numbers 1, 2 or 3 

(4) radiographic examination of the arm and hand and mammography 
(5) tomographic examinations 
(6) cerebral angiography 
(7) other complex examinations 

At the time of making measurements on patients with TLD's, information was 
obtained on their heights and weights so that they could be matched to the model 
patients given in the Bureau of Radiological Health calculation system. In addition, 
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technical parameters on the exposure, age (if under 15 years) and pregnancy 
condition were also obtained, as can be seen in the exhibits attach '. For 
this purpose, Form No. 2 was used for group (1), (2), (3) and (7) examinations, 
Form No. 3 for group (4) examinations, form No. 4 for group (5) examinations and 
Form No* 5 for group (6) examinations. 

In order to determine the doses received by persons undergoing mass 
miniature chest X-ray examinations, the average male gonadal doses 
were determined by placing one sachet on the scrotum of twenty males and the 
female gonadal doses by measuring the incident skin dose in the centre of the 
X-ray beams by other sachets. A separate Form (No. 6) was used for this purpose. 

Bone-marrow doses were calculated from the measurements made on and 
information obtained for females undergoing examination. As there is no 
information available on any differences between total active bone marrow and its 
distribution in males and females, it was decided that use of the above data 
would give satisfactory values for these doses for both sexes, 
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NATIONAL HEALTH AND MEDICAL RESEARCH COUNCIL 

SURVEY TO DETERMINE GENETIC AND MEAN BONE MARROW DOSES 
TO AUSTRALIAN POPULATION 

It is proposed tc make measurements of the amount of radiation received bv patients under
going diagnostic examinations in selected departments and practices by placing thermoluminescent 
dosemeters on patients undeigoing specified examinations. The doses recorded by the dosemeters 
will be measured after their return from the hospitals and practices. The dosemeters contain 
quantities of a specif phosphor placed in capsules at the end of smail plastic sachets and each 
sachet has an identification number on it. At the time of exposing the sachets on patients special 
Dose Assessment Forms are to be completed with the details concerning the examination. 

A patient's co operation is essential in this part of the survey. However, it has been found in 
pilot tests carried out that patients often accept the placing of sachets on them as part of the 
examination and it is not usually necessary to explain to them the purpose of the sachets. If 
difficulties should arise with patients do not make measurements on such patients. 

The final accuracy of the assessment of doses received by patients will depend on the correct 
use of the sachets and recording of data on the Dose Assessment Forms. The co-operation of all 
concerned is necessary so that the Survey will result in the assessment of the doses being as 
accurate as possible. 

The data obtained in the first cart of the survey have been tabulated and the number of 
pat.ents on which measurement (sre to be made m the selected departments and practices has 
been determined The numbers of oatients on wmcn measurements are to be made for specified 
examinations are given on the next page. From 'he earlier data it is anticipated th j t there should 
be sufficient patients undergoing the selected examinations so that the measurements can he made 
within a reasonable period of t im j The numners used for the X-ray units available in your 
department or practice in the first pari of the survey are also listed separately and these must be 
used for identification purposes. 

It is desired to determine as quickly as possible the doses received by patients undergoing 
those examinations m which the qonads are in the direct X rav beam for part of or all of an 
examination. This will make it possible to review the contribution made to the genetic dose from 
these examinations progressively during this part of the survey It would therefore be appreciated 
if measuremp rs on patients undergoing these examinations could be commenced first. Measure 
ments on pi- .,'nts undergoing other examinations should proceed at tne same time as these if 
possible or • lev may be deferred for a short period of time it necessary but it is requested that 
these latt t i measurements be made as soon as practicable 

Supplies of sachets for placing on patients during exanvnction and Dose Assessment Forms 
are enclosed together with detailed instructions for their use. Several extra sachets are also 
enclosed and these are to act as "controls" f or the sachets to be placed on patients. The control 
sachets are necessary so that accurst' assessment or the doses on the exposed sachets can be 
made Control sachets must be returned each time the exposed sachets are returned. When not in 
use all sachets should be kept together in a place well awav from radiation. 

CODE NUMBERS 

In the first part of the survey which involved the determination of the number of patients 
by sex and age undergoing diagnostic examination, a code number was designated to each 
department or practice using X ray 'quipment. A code number was used so that any data obtained 
from a department or practice could be kept confidential and would not be disclosed at any time. 
It is proposed to use tne s.inie code number in the second part of the survey 

Your Code Numbe' s i This code number should be given on ail 

documents returned with the sachets. 

ADVISORY GROUP 

An Advisory broup has been set up to assist wherever necessary If any problems arise in 
the placing of sachets on patients, in completion of Dose Assessment Forms or in the fol lowing jf 
the instructions a member of the Group should be contacted as soon as the problems arise and 
before exposure of sachets takes place. If sachets are not used correctly or the Dose Assessment 
Forms not completed accurately m all details there will be a considerable waste of time and effort 
or the part of all concerned In many cases it is anticipated that members of the Advisory Group 
ivill be involved in determining the quality (HVL) of X ray beams used and in checking field sizes 
of X ray beams on the enuipments. It is nm intended that they should be present during a series 
o measurements on patients Members of the Advisory Group are given in these pages. 

f / h i f i ' I . F<i"-)ui i nrrnct.G for d u t e r n i n f i t i on of p a t i s n t doses. 



CHANGES IN EXPOSURE CONDITIONS 

It is possible that changes in exposure factors have been made since the questionnaire forms 
were completed. Such changes may arise from the use of different type f'lms or screens, changes 
in processing conditions. <*tc anrl they may have some bearing on the doses delivered to patients 
It would be helpful if some indication of any changes whicn have occurred couid be given on the 
Technical Information Form with the magnitude o! such changes (e.g. exposure times may have 
been increased generally throughout the department or practice by 10^ due to a change in 
processing conditions or type of film) Complete changes in techniques for certain examinations, 
due perhaps to purchase of more sophisticated equipment, are also of interest and information on 
such changes would be appreciated particularly if they have a significant effect on the amount 
of radiation received by patients. 

GENERAL NOTES FOR GUIDANCE 

1. These notes and the instructions for positioning of sachets on patients and completion of 
Dose Assessment Forms should be followed carefully to ensure that the assessment of dose is as 
reliable as possible. To this end. it is suggested that in large departments the senior radiographer 
should ensure that all radiographers who might be involved with these measurements are fully 
conversant with all requirements. 

2. Dose Assessment Forms will give the examination, the ancillary aid to be used for that 
examination, the age group of patient involved and the sex of the patient required for a 
measurerreM. 

3. Two different sachets are to be used - black and red. Each colour sachet contains different 
type phosphor and its response to radiation varies. It is therefore important to ensure that the 
correct colour sachet is used for an examination The colour sachet is indicated on each Dose 
Assessment Form. 

4. Depending on the examination there may be 1, 2 or 4 sachets to be used per patient. The 
appropriate number of sachets for the examination arc- enclosed on the Dose Assessment Forms. 
Several extra sachets are supplied and these are to serve as controls However, it is possible that 
one of these could be used if it is found that for a specific examination sufficient sachets have 
not been provided. 

5. Sachets and jssociated Dose Assessment Forms should be returned as soon as possible after 
examinations have been completed instead of leaving them in the department or practice until 
measu'emenis tor all examinations are finished. This will make it possible to determine the doses 
delivered quickly. The prompt return of the sachets is also essential as the phosphor in them will 
be re-used for issue to other departments and practices. Delays in the return of sachets will result 
in prolonging the survey further. The address to which sachets and Dose Assessment Forms should 
be returned is given in these pages. 

6. When approximately twenty sachets of the same colour have been exposed these, together 
with the controls should be returned. Care should be taken to ensure that the correct colour 
controls ere returned with the exposed sachets. As a rule, allow as far as possible, three control 
sachets for approximately every twenty exposed sachets. On the Return Sheets, identify the con 
trol sachets and those used for measurements. All sachets must be returned after measurements 
have been completed, even if they have not been used. 

7 If there is not sufficient space on any of the Forms to enter all details, the details should be 
given on a separate page and attached to the original Form. The extra page should be clearly 
identified in case it becomes detached from the Form. 

8. The General Instruction Sheet should be kept in the X ray Room for easy reference when 
measurements are to be made on patterns Where there is more than one X ray unit in a 
department or practice several of these Sheets are supplied. 

9. As indicated earlier there should be sufficient patients presenting for measurements to be 
carneo out in a reasonable period of time. If there has been a change of work load or in the 
ancillary aids available such that the measurements required cannot be made in a period of 4 to 
6 weeks, plea* contact the person to whom sachets and Forms are to be returned for advice. 



DETAILS OF MEASUREMENTS REQUIRED 

Details of examinations and patients for which measurements are to be made are given below. 
The patients should be within the age groups indicated. In those cases where special ancillary aids 
are to be used for an examination, the number of the aid is given. As far as possible measurements 
should be made on patients for the examinations first listed, but measurements or. other patients 
should not be delayed to any extent. 

In the above, the numbers designated to the Ancillary Aids have the following meaning: -

1. Fluorescent Screen - (with or without spot film device) 
2. Image Intensifier Only. 

3. I.I. with TV. 
4. Serial Charger with above (excluding spot film oWice) 
5. Serial Changer Only (excluding spot film device) 
6. Tomogram. 

f. * (> i r i ; r . 1 Cnnt. ' r | . 



NATIONAL HEALTH AND MEDICAL RESEARCH COUNCIL 

TECHNICAL INFORMATION FORM 

ESTABLISHMENT CODE No 

This form must be completed and returned in its entirety. If more than one X-ray unit is 
used, then extra copies of the form must be completed with respect to the X-ray equipment, 
but this front page need only be completed once for a department or practice. 

(1) IDENTIFICATION OF X RAY UNITS 

In the questionnaire forms completed in the first part of the Survey. X-ray units were 
designated numbers and in many cases they were identified by you with their name, room number. 
etc For this part of the Survey, it is necessary to use the previously designated number and this 
number together wi**i your original identification is given below. The X-ray Unit Number is to be 
given on the Dose Assessment Forms used in conjunction with the Unit. 

If there has been a significant change in the equipment used since the completion of the 
questionnaire forms (late 1970) or if new equipment has been obtained, enter details on separate 
lines below and designate the next consecutive number to the equipment. 

DESCRIPTION OR lOCMTIFICATION OF X-RAY UNIT 
X-RAV UNIT 

NUMBER 
COMMENTS ON CHANGES 

(2) INFORMATION ON EQUIPMENT 

Please indicate 

(a) Brand name of film most commonly used. 

(b) Brand name and speed of screens most commonly used. 

(c) Developing process used (cross out those that do not apply) 
(i) automatic processing unit 
(ii) manuc'l method using temperature-time relationship 
(iii) inspection method 

(J) CHANGES IN EXPOSURE CONDITIONS 

It would be appreciated if you could indicate on this form any changes made in the depart 
ment since 1970 which might have an effect on the doses received by patients. The extent of the 
cnanges in exposure factors should be indicated. 

Exhib i t 2. Technical information form for X-ray diagnostic examinations. 



This and the next page are to be completed for each X ray unit used in this part of the 
Survey. 
Establishment Cod* No. 

X-ny Unit Number 

Type of generator (Wave-form) 
(if unknown, trade name would be adequate, e.g. Watson SF2) 

For each X-ray tube used with this unit, complete the following: — 

X-RAY TUBE DESIGNATION' 1 ' ADDED FILTER limn A D 1 2 ' COLLIMATING DEVICE 3 ' 

la) 

(b) 

Ic) 

Id) 
(1) Use the terms "overtable", "undertable", "lateral" etc. when the unit has more than one 

X-ray tube, otherwise leave blank. The corresponding fetters (a), (b). (c), etc. should be used 
for suosequent identification and entered on the General Instruction Sheet before placing in 
the X-ray room. 

(2) 

(3) 

State if the filtration of any light-diaphragms is included or not. 

Indicate the type of collimating device on each X-ray tjbe by using the appropriate number:-

1 - Light beam diaphragm which illuminates the total area of examination or which 

produces lines to indicate the edges of the X ra/ beams. 
2 - Light beam diaphragm which illuminates a certral spot only. 
3 — Adjustable collimators (other than *br»-z'i. 
4 — Cones 
5 - Fixed aperture 
6 - None 

DETERMINATION OF QUALITY (HVL) OF X RAY BEAMS 

It is necessary to determine the HVL's of beams for each X ray tube used in the Survey and 
two special devices are supplied for »ach X ray tube involved. Expose one device only at a time 
keeping the other well away from r«» lation. ;r. accordance with the following erections 

(a) For overtable and lateral tubes, place the device in the centre of tne X Ray beam with 
its number facing the X Ray tube at the focus distance of 36" (wherever possible). 

(b) For undertable tubes, place the device in .he centre of the X-ray beam with 
its number facing downwards towards ths X ray tube. 

(c) Use an X-ray beam approximately 10" square (or diameter when cones are used) at 
the device so that it is adequately covered by the beam. 

(d) Expose one device to a beam of approximately 60 kV and 100mA for 3 seconds 
and the other to approximately 90 kV and 100 mA for 3 seconds. (If 100 mA cannot 
be obtained, use 30 mA and a time of 10 seconds). If the X-ray unit has studs to give 
the kV, then expose one device with the lowest stud setting normally used and the 
other with the highest stud setting. For those units which have millamp see meters, 
the exposures should he approximately 300 mAs 

(e) Enter the exact expos e details used in the Table belrw and return the HVL devices 
with this form. 

X 4 M V T U K 
DSSMMATlON 

HVL 
DEVICE No 

XV USED 
Off STUD 

S E T T I N G ' 

T U M 
CURRENT 

(mA) 

TIME mA* 
Iff k a w n l 

FOCUS 
DEVICE 

DISTANCE 
l^Vem• 

FOR OFFICE USE ONLY 

— - • -

• - • • - • 

* Strike out unit not used. 



TEST OF RADIOGRAPHIC FIELDS 

It is necessary to check the radiographic field sizes of overtable an 1 lateral tubes. For this 
purpose, place a large piece of film 117" x 14 i (m an envelope or cassette) on the examination 
table at a focus distance of 36" (if possible) 

Place a small coin on the film in the centre of the illuminated area if a light beam diaphragm 
is used or in the centre of the examination area if cones or fixed diaphragms are used. Place a 
second coin on the film in the X ray beam, but towards the foot end o* the examination table to 
assist in subsequent orientation of the resulting radiograph. 

Expose the film to 60 kV. 100 mA. 0 2 sec or 10 mA 2 sec. (20 mAs) using a beam of area 
15" x 12" if light beam diaphragms are used or with a cone or fixed diaphragm. If the resulting 
exposed area using a cone or fixed diaphragrr exceeds the s./e of film, reduce the focus film 
distance from 36" so that the film used is larger than the exposed area produced. If the X ray 
unit has studs to give the kV. make the exposure with the most common stud setting used in 
practice. 

Develop the film and if the resulting film is "light" then make a repeat exposure of 2 to 3 
times the exposure time used previously 

Repeat the procedure with another film using an area of 10" x 8" with light beam diaphragm 
or using other cones if these are used on equipment. 

Measure maximum dimensions of exposed area I including any penumbra) as accurately as 
possible. 

Complete Table below and return films with these forms after they have been clearly 
identified: 

X-RAV 
Tuac 

FIELD AREA OR ' 
CONE DESIGNATION 

FOCUS-FIIM 
DISTANCE USED 

M / m ' 

DIMENSION M A X M U M DIMENSIONS * 
Of FILM OF FXFOSEO AREA 

n ' n i ' « • ' « ' 

_ _ _ _ 

' " ' 
. -_._ 

_ _ . . . . ._ . . . 

(1) Use letters ia), (b). (c). etc. referred to earlier 

(2) If light beam diaphragm is used give "Field Area" as determined from the illuminated 
area or collimator setting. If cones or fixed aper; ires are used, give the designation 
usually used e.g. 10" cone, small cone. 4" x 4" diaphragm etc. 

(3) Give the dimension along the length of the table first 

* Use the same units throughout ard cross out unit not used. 

(Alternative Check on Field Sizes) 

An alternative method of checking field si/es is to use two large pieces of film in (urn. 
Stand each film vertically on an examination table with the X ray tube lowered so that the end of 
the light beam diaphragm or cone is just touching the top edge of the film. This method is useful 
if the focus of the tube cannot be easily located. The top edge of the Mm must be parallel to the 
length of the X ray tube and the second film at right angles to it 

The cone designation or collimator settings for a stated focus film distance must be recorded 
and the films developed. The films should be clearly identified and returned as soon as possible so 
that measurements of field sues can be made. 

The exposure conditions will depend on the type of film and cassette used. It is possible that 
a beam of 60 kVp. 50 mA, 0.05 sec. ( 2 b mAs)may be satisfactory, but if not a repeat exposure 
should be made with the exposure time being increased by a factor o' 2 to 3. If the X ray unit 
has studs to give the kV, make the exposures with the most common stud setting used in practice. 

r . ^uh i t . ? Cnnr ' ' J . 



NATIONAL HEALTH AND MEDICAL RESEARCH COUNCIL 

GENERAL INSTRUCTIONS 

Keep one of these forms alongside the control panel of each X-ray unit likely to be used 
in the examination of patients on whom measurements are to be made. 

CODING OF EQUIPMENT FOR IDENTIFICATION PURPOSES 
The establishment and X-ray units must be coded and the code numbers must appear on 

all Dose Assessment Forms. The coding information for each X-ray unit should be completed 
below by the senior radiographer or other appropriate person before placing near the control 
panel of the unit. This coding is given on the Technical Information Form. 

(1) Establishment Code No. 

(2) X-ray Unit No 

(3! If the X-ray unit has more than one tube, use thje following designation 
for each tube: 

(a) , 

(b). 

(O 
(d) 

NUMBERS ASSIGNED TO EXAMINATIONS AND ANCILLARY AIDS 
The examina'ions and ancillary aids involved have been designated number for compute 

purposes and these numbers have been entered on the Dose Assessment Forms. The senior 
radiographer or other appropriate person should write the names of the examination and 
ancillary aid on the appropriate Dose Assessment Forms to assist radiographers. The coding 
used is : -
(1) EXAMINATIONS 

No. NAME 
01 Chest (lungs, heart, etc.) 
02 Thorax (ribs, sternum, shoulder 

clavicle) 
03 Arm and hand 
04 Pelvis 
05 Hip and femur (upper third) 
06 Femur (shaft and knee) 
07 Lower leg and foot 
08 Head (inc. cervical spine) 
09 Dental 
10 Dorsal spine 
11 Lumbar spine 
12 Lumbosacral spine 

No. NAME 
13 Abdomen 
14 Abdomen (obstetrical) 
15 Pelvimetry 
16 Hysterosalpingography 
17 Cholecystography-Cholangiography 
18 Stomach & G.I. Tract (inc. 

oesoph and duod.) 
19 Intestine 
20 Urography (inc. IVP) 
21 Retrograde Pyelography 
22 Urethrocystography 
23 Breast 

(2) ANCILLARY AIDS 
No. AID 
0 No aids - direct radiographs only 
1 Fluorescent Screen - (with or without spot film device) 
2 Image Intensifier Only 
3 I.I. with T.V. 
4 Serial Changer with above (excluding spot film device) 
5 Serial Changer only (excluding spot film device) 
6 Tomogram 

EXAMINATIONS TO BE CARRIED OUT ON EQUIPMENT 
It is suggested that the examinations for which measurements are to be made on this X-ray 

unit be listed below and crossed off as they are carrieJ out. The sachets, which must be kept 
in a place well away from radiation are to be obtained with the appropriate Dose Assessment 
Form prior to the examination being carried out. The sachets should be kr.pt in the "pocket" 
on each Form af.er use. 

EXAMINATION 
No. ANCILLARY AID SEX OF PATIENTS No. OF PATIENTS 

AOE GROUP 
OF PATIENTS 

Exhibit 3, beneral instructions for determination of patient doses. 

http://kr.pt


INSTRUCTING OF STAFF 
Before measurements are made on patients the senior radiographer or other appropriate 

person should familiarise himself with these instructions and instruct the other radiographers in 
the department of practice accordingly. If problems arise at any stage persons listed on the 
General Information Sheet should be contacted. 

PATIENT CO OPERATION 
The co-operation of patients is necessary for these measurements. If a patient is unco 

operative or difficult, do not make measurements on that patient, but proceed to the next 
patient awaiting the examination specified. 

PATIENTS UNDERGOING SEVERAL EXAMINATIONS 
When measurements on a patient are required for a particular examination and th3t patient is 

undergoing an investigation involving several different examinations, then measurements are to be 
made only for the examination requested and the Dose Assessment Forms completed accordingly. 

USE OF SACHETS 
Sachets should not be taken into the X-ray room until a suitable patient is available for 

a specified examination. Sachets and Dose Assessment Forms should be removed from the X-ray 
room immediately after the examination so that they are not exposed to scattered radiation. 

Small envelopes are supplied so that the sachets can be placed in fresh envelopes for each 
patient. These envelopes need not be returned. For certain examinations a belt is supplied on which 
sachets are to be mounted. The belt is to be returned after completion of these examinations. 

For certain examinations, more than one male patient may use the same sachets and this is in 
dicated on the Dose Assessment Form. The one Form is to be used for this particular sachet, but not 
for any others. For female patients, only one Dose Assessment Form must be used per patient. 

AGES OF CHILDREN 
When measurements are to be made on children in the "under 2 years" and "2 to 14 years" 

age groups it is desirable that children as close to the mid-point of these ranges (i.e. 1 year and 
8 years) be chosen if there are sufficient children available. Otherwise make measurements on 
children as they present for examination. If one sachet is to be used on 2 or more children, 
choose children who are of similar size. If patients of the required age group are not available 
choose patients who are of similar build to those required and indicate the approximate age size 
of that patient. 

REQUESTS FOR EXAMINATIONS NOT CARRIED OUT 
It is possible that requests for certain combinations of examinations and ancillary aids have 

been made and these are no longer applicable. In these cases examinations with equivalent type 
aids should be used. Any changes from the original request should be noted on the Dose 
Assessment Forms. If it is not possible to obtain an equivalent to the requirements then forms 
and sachets should be returned with a note to the effect. 

COMPLETION OF DOSE ASSESSMENT FORMS FOR FEMALE PATIENTS 
For female patients the height and weight of each patient are to be given. These can be 

obtained by asking the patient these details but it may also be more conveniently and accurately 
obtained from medical case records if they are kept near the department. It is not necessary t i 
provide scales specifically for the purpose unless these are easily obtained. 

Certain measurements have to be made on patients and entered on Dose Assessment Form 2 
Some typical measurements to be made and entered in the various columns of Form 2 are 
illustrated on the opposite page. These illustrations do not cover all situations but care should be 
taken to follow the intention outlined by the diagrams as carefully as possible. 

POSITION OF OVARIES 
For some examinations, it is necessary to know the position of the ovaries. These are to be 

taken to be in a plane midway between the iliac crests and pubic symphysis except for pregnant 
patients and young children. For pregnant patients, take the ovaries to be level with the iliac 
crests for 3 to 7 months of pregnancy and midway between the iliac crests and xiphoid process 
from 7 months to term. For children up to 2 years, take the ovaries to be level with the 
anterior superior iliac spine (A.S.I.S.). 

USE AND RETURN OF CONTROL SACHETS 
Control sachets are supplied to allow for the background radiation in each department or 

practice. These are measured after their return with the sachets which have been placed on 
patients and their values subtracted from those of the exposed sachets. For those examinations 
in which the doses received bv the sachets are low sufficient control sachets must be available to 
ensure that the doses determined from the sachets used on patients are as accurate as possible. 
Each time sachets are returned three black control sachets should be included with each batch of 
black sachets and three red control sachets should be returned with each batch of red sachets. Do 
not take control sachets into the X-ray rooms at an/ time. 

RETURN OF SACHETS 
Sachets should be returned immediately after use together with controls as delays can 

increase the background levels and thereby make the determination of dose less accurate. Before 
return, the sachets must be removed from the pockets on the Dose Assessment Forms and packed 
in cardboard boxes so that they are not damaged by franking or postal stamps in the Post Office. 
All sachets must be returned after completion of measurements even if they have not been used or 
have been exposed in error. 

Exhib i t 3 Cont 'd. 



ILLUSTRATION OF MEASUREMENTS TO BE ENTERED ON FORM 2 
In general, Group A examinations cover head and legs 

Group B chest, abdomen and pelvic areas 
Group C fluoroscopy and other special techniques 

(Sachets are placed in centres of X-ray beams for Groups A and B and at ovary level for Group C). 
Three typical X-ray fields are illustrated by KLMN in Fig (i) 

Tiblt 

Film 

f* (i) 
Table 

Fi|, (Hi) 

Reference should be made to the above diagrams for entries in the various columns:-
Column 8 - Group A - no entries; Group B - refer Fig (ii) for A.P., P.A. and Laterals and 

Fig (iii) for Obliques; Group C - enter thickness - refer Fig (iii) 
Column 9 - Group A - no entries; Groups B & C - widths at sachet level - refer Figs (i) 

and (iii) 
Column 10 - Group A & B - enter length KL " length LM (but see instructions for cones); 

Group C - entries to be made o / if they remain unchanged during examination. 
Column 11 - Groups A, B & C - enter sachet distances above or below iliac crest level for all 

projections - refer Figs (i) and (ii) 
Column 12 - Group B only - for A.P., P.A. and oblique projections only enter displacement of 

sachet from midline - refer Figs (i) & (iii) 

Exhibit 3 Cont'd. 



NATIONAL HEALTH AND MEDICAL RESEARCH COUNCIL 
DOSE ASSESSMENT FORM - MALES FORM 1. 

Establishment Code No. 

X ray Unit No. 

Examination No. 

Ancillary air* to be used 

Sachet No.. 

• 
Sachet Colour. 

TLDDose 

To b* compittad I Name of Examination . 
by S - K * P«on ( A n c i | | a r y A j d u j e d 

Age group of patient for this sachet. 
No. of patients for this sachet 

If under 15 years, state age. 

Date of first examination. 
Complete details for one sachet only on this Form. Instructions for placing sachet on patient 

and notes for completing this Form are given on the back of this Form. 

PROJECTION X-RAY 
TUBE 

kV USED OR 
STUD SETTING 

TUBE 
CURRENT 

EXPOSURE 
TIME 

NO. OF 
EXPOSURES 

FOR OFFICE USE ONLY 

Patient No. 1 

• • • • • • 

Sicondt 

A.P. Q • • • • • • 

m ~| I • • • • • • 

P.A. (T| 
• • • • • • 

3 1 1 
• • • • • • 

A.P. Obi. | 3 | 

• • • • • • 

• 1 LZ 

• • • • • • 
P.A. Obi. [ 4 | 

• • • • • • 
3 1 1 | 1 1 

• • • • • • 1 1 1 Lateral | 5 | 

• • • • • • 3 1 1 1 1 

• • • • • • Other | 6 | 

• • • • • • 3 1 1 1 1 

• • • • • • 
• MinuMs 

Screening r—~i 
Detail? 1 1 • 3] 1 1 1 • 
Patient No. 2 

• 
D • • • 
D 

Saconds 

A.P. [7] • 
D • • • 
D 

cm CJDZ3 Q • 
D • • • 
D 

P.A. [7 j 
• 
D • • • 
D 

c 1 
• 
D • • • 
D 

A.P. Obi. | 3 | 

• 
D • • • 
D 

Q 1 Q 

• 
D • • • 
D 

P.A. Obi. | 4 | 

• 
D • • • 
D 

c | 1 1 

• 
D • • • 
D 

Lateral j 5 | 

• 
D • • • 
D 

c 1 1 1 

• 
D • • • 
D 

1 1 
Other | 6 | 

• 
D • • • 
D 1 1 1 

1 

• 
D • • • 
D 
D Mi' Screening | , ] 

Details ' — ' D Q 1 | Keep sachet in this pocket at 
all times except when on patient. 

Screening | , ] 
Details ' — ' D Keep sachet in this pocket at 

all times except when on patient. 

Patient No. 3 (One sachet only). 

S#c< mds 

A.P. Q n Q 
mds 

I 
• 
D • • • 

P.A. |T | • 
D • • • 

I 1 • 
D • • • 

A.P. Obi. j 3 | 

• 
D • • • 

c I 
• 
D • • • 

P.A. Obi. 1 4 | 

• 
D • • • 

I 1 

• 
D • • • 

Lateral | 5 1 

• 
D • • • 1 1 

• 
D • • • Other | 6 ] 

• 
D • • • 3 M l ! C 3 1 

• 
D • • • 
• M i l 

MlruM 
Screening 1 7 1 • 3 M i l 1 1 
Details — 

• 
Exh b i t 4. Do S6 3996 !9sment f orr n no 1 . 



Instructions for Placing Sachet on Patient 

Place the sachet in a fresh envelope (supplied) with phosphor-bearing end in first. 

Attach the envelope to the patient's thigh with surgical tape such that the phosphor-bearing 
end lies on the scrotum. The leg chosen for this shouid be that which is nearer the point of entry 
of the X-ray beams used for the major part of the examination (e.g. if examination involves A.P., 
P.A. and left lateral projections, use right leg). 

Leave sachet and envelope in position for entire examination. Check that they remain in 
position if the patient is moved for various projections. 

If the patient is not completely undressed or retains his clothing from the waist down for 
an examination, the sachet in its envelope could be placed between the patient's scrotum and 
underpants if they are of a close-fitting type. 

When gonadal shielding is used, then the sachet must also be protected by the shielding. 

Notes for Completion of Form 

(1) If the sachet is to be used for more than one patient, enter details of exposures for all 
patients on this Form. 

(2) Use the X-ray tube designation (a), (b), (c), etc. as given in the "General Instructions" 
when the X-ray unit has more than one tube. 

(3) Give an estimate of the average kV used for a projection if several films at different kV's 
are taken. 

(4) Give the tube current and the exposure time in seconds of each film taken of a 
patient for each projection used. The exposure time shou.d be given in decimals of a second and 
care taken to ensure that the digits are placed in the boxes correctly according to the position 
of the decimal point. For those X-ray equipments which have milliamp-second meters divide the 
meter reading by 100. Insert "100" in Tube Current Column and insert the number obtained 
after dividing the mAs value by 100 in Exposure Time Column. 

For screening give the best estimates possible of the average tube current and of the 
screening time in minutes. For units with automatic brightness controls, the tube current should 
be given as "auto" if it cannot be determined. Tube current and exposure times need not be given 
for spot films taken during screening, but the number of exposures made should be given. 

Exhibit 4 Cont'd. 



Code No.: 
Examination No.: A id No.: 
Name of Examination & A i d : 

NATIONAL HEALTH A N D MEDICAL RESEARCH COUNCIL 

DOSE ASSESSMENT FORM - FEMALES FORM 2 

Notes for Completion of Form 

Examination Group: 

No. of Sachets: 

Colour of Sachets: 

Patient details are to be determined by asking the patient their height and weight. 
If the height and weight cannot be determined, do not include this patient in the survey, 
but proceed t o the next patient available for the particular examination. 

List details for each exposure in separate rows of boxes except when several 
exposures are identical. For these cases the number of such exposures should be 
entered in co lumn 6. Details relating t o screening should be entered in separate boxes 
to those for fi lms. 

The sachets should be placed in the small paper envelopes supplied before 
attaching to the patient's skin. Surgical tape should be used to hold the envelopes 
in posit ion during the examination. 

The units (i.e. inches or centimetres) used for the various measurements must 
always be stated. The same units should be used throughout an examination. 

This form covers a variety of examinations and it has been found convenient 
t o divide them into three groups — (A), (B) and (C). The instructions relating to 
each group should be fo l lowed carefully. The group to which the examination 
concerned refers is shown on the top of the form. 

Column 1 — Use the X-ray tube designation (a), (b), (c), etc. as given in the 
"General Instruct ions" when the X-ray uni t has more than one tube. 

Columns 4 and 5 — Give the tube current and exposure t ime in seconds for each 
radiograph. The exposure t ime should be given in decimals of a second and care 
taken t o ensure that the digits are placed in the boxes correctly according t o the 
position of the decimal point. For those X-ray equipments which have milhamp 
second meters divide the mater reading by 100. Insert " 1 0 0 " in Column 4 and 
the number obtained after dividing the mAs vaiue by 100 in Column 5. 

For screening give the best estimates possible of the average tube current and 
of the screening t ime in minutes. For units wi th automatic brightness controls, 
the tube current should be given as " a u t o " if it cannot be determined. If f i lms are 
taken during screening the rows should be completed as far as possible. The number 
of exposures made must be given in Coiumn 6. 

Column 8 — For Group B examination, measure the distance of the sachet f rom the 
surface of the examination table or upright Bucky. For Group C examinations, 
measure the thickness of the patient at the level of the sachets. 

Column 10 - The accurate determination of f ield size is.essential in the calculation 
of gonadal dose and the method used for this determination wi l l depend on the type 
of col l imator used. It should be noted that f i lm sizes arn not to be given. The 
dimension along the patient should always be given first. 

(a) Light Beam Diaphragms which illuminate the total area, or which produce lines 
to indicate the edges of the X-ray beams. 
For Group A examinations the field size given on the forms is to be the i l ium 

inated area as shown on the examination table, upright Bucky, etc. This should be 
measured carefully w i th a ruler. 

Fcr Grouo B examinations a different procedure is necessary and for this i t is 
suggested that a large piece of cardboard (possibly f rom a box of 1 7 " x 1 4 " f i lm) be 
used. Draw lines at 1 in. spacing parallel to each side of the cardboard and n.ark distances 
along two adjacent sides as shown. Before an 
exposure is made place the cardboard on the 
X-ray tube side of the patient's skin parallel 
to the examination table so that one corner 
of the i l luminated area is co-incident w i th one 
corner of the cardboard. Read the field sizes off 
the cardboard. In the example, the hatched area 
shows a field size of 8Vi x 6Mi in. Measurements 
should be given to nearest %". If lines are drawn 
at 1 cm intervals instead of 1 " intervals, give 
measurements to nearest Vi cm. 

Record measurements on Dose Assessment 
Form under "F ie ld Size". 

(b) Light Beam Diaphragms with centre spot only. 
Record coll imator setting on Dose Assessment Fjorm under "F ie ld Size". 

(c) Cones and Fixed Diaphragms. 
Record the cone or diaphragm on the Dose Assessment Form under "F ie ld Size" 

by its usual terminology - e.g. 10" cone, 17 ' x 14" cone, large cone, small cone, 4 " 
x 4 " diaphragm, etc. 

Column 11 - Measure the shortest distance of the sachets f rom the imaginary line 
joining the two iliac crests of the patients for each projection and enter in the appro 
priate column according to whether the sachet is above or below this line. 
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Column 12 - For A P. and P.A 
f rom the midline of patient. 

views, measure the lateral distance of the sachet 



Instructions for Use of Sachets and Forms (refer also to Notes on other side of this Form) 

Group A Examinations - One sachet is supplied for these. 

(i) Place the phosphor-bearing end of the sachet on the patient's skin so that it is in the centre of each incident X-ray beam. If the X-ray beam is moved between exposures, the 
sachet must be moved accordingly. 

(ii) Complete columns 1. 2. 3, 4, 5, 6. 7. 10, 11. 

X 
IT 

Group B Examinations — Two sachets are supplied for these. 

(i) Use one sachet for all A.P., PA. , A.P. Obi. and P A . Obi. projections and the other sachet for lateral projections. 

(ii) Place the phosphor bearing end of a sachet on the patient's skin so that it is in the centre of each incident X ray beam. If the X ray beam is moved between exposures, tfi» 
sachet must be moved accordingly. 

(iii) Remove sachet used for A.P.. P A and Obi. exposures before making lateral exposures and vice versa. 

(iv) Complete all columns below and indicate projections used for each appropriate sachet. 

en 

3 
rt-

Group C Examinations — Four sachets are supplied for these. 

(i) Place one sachet on patient's front, one on back and one on each side so that the phosphor bearing ends are at the level of the ovaries and leave them in position for the 
entire examination. 

(ii) Complete columns 1. 2. 3, 4. 5, 6, 8. 9. 11 and where possible columns 7 and 10. indicate position of each sachet on the patient in the 
space provided. 

(iii) For fluoroscopic examinations, enter screening details in bottom rows and f i lm details in the other rows. 

Entries on Form 2 

Code for Projections (to be entered in Column 2) A.P. = 1, P A . = 2; A.P Oblique = 3. PA . Oblique = 4; Lateral = 5, other than 
those listed = 6. 

If the projection cannot be f i t ted into one of Code Nos 1 — 5 then a separate description should be given on the back of the form. 

In completing Column 5 - Time, please ensure that the time in seconds or minutes and decimals of seconds or minutes is written correctly 
so that the decimal point appears as shown, e.g. an exposure t ime for a radiograph of 0.04 seconds would appear. 

as 0 0 4 Screening times are to be given in minutes and decimals of a minute. 

In those cases where the number of digits to be entered is less than the number of boxes given in a Column the first entry should be made 
in the left-hand box, except for the figures in Column 5 where the decimal point must be taken into account. 

Keep sachets in this pocket at all 
times except when on patient. 
(No. of sachets - ) 

No more than one digit (or letter in Column 1) should be inserted in any of the boxes on the form. 



<1> 

Establishment Code No. 

X-ray Un i t Used 

DOSE A S S E S S M E N T F O R M - F E M A L E S F O R M 2 USE B L A C K OR B L U E BIRO 

Examinat ion No. 
C o u p 

<. Ancil lary A id to be Used 

Sachet No. 

Projection or 
Position on Patient 

T L D Dose ] O H 

Sachet Colour 

Date of Examinat ion 

113' 
To be completed by senior p c u o n ) . Name of Examinat ion and A id (when used) . 

Age group of Patient for this examinat ion If under 15 years, state age 

Patient Details: Height | 1 ft ' ' 

Weight 
r?Bi 

st r 
in 

lb 

OR 

OR 
p a i 

cm 

kg 

Is patient pregnant' - Yes /No 

If so, how many months 

Cross out those whicn do not apply n m — « — [ " 
Distance of 
Sachet from 

Iliac Crest 
Laval (em/in*) 

B 

H 
ID 

I D 

X-ray 
Tub* 
Uaad 

Projection 

lUsa C o * 
<) 

kV Used 
or Stud 
Setting* 
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Oistanca 

(cm/in*) 
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Distance of Sachet 

from Table OR 
Patient Thickness 
at Sachet Laval 

( S M Notes ovarpae*) 
(cm/in*) 
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Width 
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Level 

(cm/in*) 

10 

Field Siia 
(not Film Size) 

(S«* nottf ov«rpag«) 
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Above 
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Lateral Distance 
of Sachet from 

Midline of 
Patient 
lem/in*) 
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I4») 

D 
177) 

Minutes m 



NATIONAL HEALTH AND MEDICAL RESEARCH COUNCIL 

DOSE ASSESSMENT FORM - FEMALES FORM 3. 
Establishment Code No 

X-ray Unit No. ' 

Examination No. I j | 

Ancillary aid to be used ^ j 

To b» w n n m 1 Name of examination. 
br SMT p«*..j t^^ > i d u s e d _ 

Age group of patient for this sachet _ 

Date of examination 

Sachet No 

Sachet Colour. 

TLD Dose 1 

. _ If under 15 years, state age. 

Is patient pregnant - Yes/No If so, how many months. 

Instructions for Placing Sachet on Patients 
(1) Attach the phosphor bearing end of the sachet to the belt supplied with surgical tape. 
(2) Place the belt firmly round the patient (over any clothing) at the level cf iliac crest such 
that the sachet is as close as possible to the area undergoing examination. Leave in position for 
entire examination. 

Please complete the following details (refer to Notes oi, back of this Form). 
Give details for eac.i exposure in separate rows below. 

* Cross out those which do not apply. 

PROJEC
TION 

X R A f 
TUBE 

kV USED OR 
STUD 

SETTING 

FIELD SIZE OR 
CONE DESIGNATION 

lan /m' l 

DISTANCE 
OF SACHET 

FROM 
CENTRE 

OF FIELD 

Ion/ in*) 

FOCUS-FILM 
DISTANCE 

(an/kiM 

PATIENT 
THICKNESS 

AT ILIAC 
CREST 
LEVEL 

Icm/m*) 

PATIENT 
WIDTH 

AT ILIAC 
CREST 
LEVEL 

(em/in*) 

POSITION OF 
PATIENT • • 

n • • 
a 
a 
• 
a 
a 

1 1 n • • 
a 
a 
• 
a 
a 

[ 1 1 1 1 
1 n • • 

a 
a 
• 
a 
a 

1 1 
n • • 
a 
a 
• 
a 
a 

r~ | 1 1 1 1 
1 1 1 

1 1 
n • • 
a 
a 
• 
a 
a 

1 
1 1 1 
1 1 1 1 1 

n • • 
a 
a 
• 
a 
a 

i | 1 
1 1 1 
1 1 1 1 1 

n • • 
a 
a 
• 
a 
a 

I 1 

n • • 
a 
a 
• 
a 
a 

i 11 I 1 I 1 1 | | 

n • • 
a 
a 
• 
a 
a 

1 1 

n • • 
a 
a 
• 
a 
a 

1 1 | 1 1 1 1 1 1 

n • • 
a 
a 
• 
a 
a 

1 1 

n • • 
a 
a 
• 
a 
a 

i 1 
1 ! 1 1 1 1 1 

n • • 
a 
a 
• 
a 
a 

1 1 

n • • 
a 
a 
• 
a 
a 

i 1 1 1 1 1 1 1 

n • • 
a 
a 
• 
a 
a 1 1 

n • • 
a 
a 
• 
a 
a i 1 1 1 1 1 1 1 

n • • 
a 
a 
• 
a 
a 

Indicate by words "facing" if the patient is facing the examination table, 
"obliquely" if sitting obliquely to examination table, 
"right angles" if sitting at right angles to examination table, 
"lying" if lying on the examination table. 

Keep sachet in this pocket at all times 
except when on patient. (One sachet 
only). 

FOR OFFICE USE ONLY 

Exhibit 6. Dose asseeement form no. 3. 



Notes for Completion of Form 

Projection Use following code - A.P. = 1; P.A. = 2; A.P. Oblique = 3; 

P.A. Oblique = 4 ; Lateral = 5; any other = 6 (describe these 

at the bottom of this Form. 

X-ray Tube Used Use the X-ray Tube designation (a), (b), (c), etc. as given in 

tr.e "General Instructions" when the X-ray unit has more than 

one tube. 

Field Size or Cone Designation If a light beam diaphragm is used measure the field size from 

the illuminated area or give the collimator setting. If cones are 

used give the usual designation of the cone (e.g. 10" cone, 

small cone, etc.). 

The direct distance between the centre of the area of examin

ation and the sachet should be measured (or estimated where 

measurement is difficult). 

Position of Patient To assist in determining the method to be used for calculation 

of dose, it is necessary to have some indication of the way in 

which the patient is set up for the examination. If the terms 

given do not appear to describe the set-up adequately, please 

give description below. 

Distance of Sachet from 

Centre of Field 

E x h i b i t 6 Con t 'd . 



NATIONAL HEALTH ANO MEDICAL RESEARCH COUNCIL 

DOSE ASSESSMENT FORM - FEMALES 

Establishment Code No. Sachet No 

X ray Unit No. | | | X-ray Tube j ~ ] Sachet Colour 

Examination No. 

Ancillary aid to be used 

Age group of patient for this sachet. 

Date of examination 

TLD Dose 

FORM 4. 

If under 15 years. st?te age. • Q 

Patient Details: Height ft in (or_ 

Weight st lb (or. 

_cm) 

-kg) 

Instructions for Placing Sachet on Patients 

Is patient pregnant - Yes/No 

If so, how many months 

Attach the sachet (in envelope supplied) to the patient's skin with surgical tape so that the 
phosphor-bearing end is directly above the region under investigation. Leave in position for the 
entire examination. 

rts (refer to Notes on back of this Form). 

Trade name of tomographic unit 

Description of movement pattern of X-ray tube 

(State units (i.e. cm or in) in which measurements of distance and thickness are m3de) 

1 Projection 

2 kV used 

3 Focus-Film Distance 

4 Fulcrum settings - Highest 

- Lowest 

Spacing between "Cuts" 

5 Total No. of exposures (not films) 

6 Total angle of movement of X-ray tube 

7 Field size 

8 Distance of sachet from 

iliac crest level 

above Crest 8 Distance of sachet from 

iliac crest level below Crest 

9 Thickness of patient at level of sachet 

10 Width of patient at level of sachet 

11 'Ovaries in Beam? 

* Indicate by words "all' ; "largj part"; "small part" or "no part" of the exposure. 

Keep sachet in this pocket at 
all times except when on 
patient. (One sachet only) 

FOR OFFICE USE ONLY 

Exhibit 7. Ooae aaaeaement form no. 4. 



Notes for Completion o F o r ' 

Determine patien; details oy astun<j :ne parens the-r heigh; and weight. If these cannot be 

determined eas;;» do nox include this yatient in the survey. 

The calculation of dose for tomographic »*arrur>ations :s di f f icul t due to the variation of 

the movement patterns of the X ray tabes available. ! t is therefore requested that a brief 

description of the movement pattern of the X ray tube be giver, so that the technique can be 

reconstructed to assist m calculation :f necessary This applies particularly for circular and elliptical 

movement patterns. The axes (or diameters) of the movement patterns should be indicated in 

these cases. Transverse tomography sho^id also be liste as such The Dose Assessment Forms 

have been drawn up to cover linear tomograms as these are the most common type used. 

Row 1 - Use one column for each projection used e.g in the case of A.P. and Lateral Tomo

graphy, one column for the A.P. protections and one for the Lateral protections. 

Row 6 - The total angle of movement of the X-ray tube for linear tomograms >s that angle covered 

from commencement t o finish of an exposure. 

Row 7 - The procedure for determining field size as given on Form 2 shooid be followed 

Row 11 - To assist in calculations it would be appreciated if you could indicate if the ovaries 

were in the X ray beam for the entire examination, part only of the examination or not at all 

The extent to which the ovaries may or may not have been in the beam should be given by using 

the words indicated on the Form. 

E x h i b i t 7 C o n t ' d . 



N" ATI DUAL l-'EALTH AliD iSDICAL RESEARCH COUNCIL 

DOSS ASSESSMENT FORM - FEMALES 

Establ i shment Code No. Sachet No. 

X-ray Unit No. [ | | Sachet Colour 

Examination Typo I j I TLD Dose 

A n c i l l a r y Aid to be Used I I 

I f examinat ion i s of an i n - o l v o d typo , p l e a s e £ivc u s u a l 

n^nc of e x p l a n a t i o n _ _ ^ _ 

FORM 5 

Age Group of P a t i e n t f o r t h i s S a c h e t _ 

Date of Examinat ion 

I f under 15» s t a t e ag • • 
Patient Detai ls » Height 

Weight 

. in (or 

. lb (or 

_cm); 

-kg); 

I s patient pregnant - Yes/No 

If 30, how many months 

Ins t ruct ions for Placing Sachet on Patient 

Attach the sachet (in envelope supplied) to the p a t i e n t ' s forehead with 
surgical tape and le^ve in p r s i t i on for ent i re examination. 

Please complete the f-11 owing de ta i l s (refe-r t o Notes on back of th i s Form) 

1 Projection A.P. Oblique Lateral 

2 X-ray tube used 

3 kV 

4 inAs per exposure 

5 No. of exposures 

6 *Field size at film 

7 *Focus-film distance 

*Statc un i t s ( i . e . era or in) used for measurements. 

Keep s-'chet in t h i s pocket 
at a i l times except when on 

p a t i e n t . 
(One sachet only) 

Exhib i t 8. Doss assessment form no. 5. 



Notes for Completion of Form 

Row 1 I f project ions other than A'P. , Oblique or 
Latera l are used, d e t a i l s should be entered 

in the las t column and described below. 

Row 2 Use the l e t t e r s (a)» ( b ) , ( c ) , e t c . as given 
in the "General Ins t ruc t ions ' when the X-ray 
un i t has more than one tube . 

Row 4 The product of the tube current and exposure 
timo in seconds for each exposure i s to be 
entered. 

Exhibit B Cont'd. 



I.'ATIGNAL HEALTH AIID HKÎ ICAL RaSSARCH COUNCIL 
D0S5 ASSESSMSHT FORK FORI'I 6 

Mass Miniature Survey Units 

X-ray Unit Iden t i f i ca t ion Code V.o 
Focus-Screen Distance - , . . . 
Red Sachet Ho Dose , . 

Person 
No. 

Height of Person 
or (1) 

Distance to Point 

Weight 
of 

Person 

Black 
Sachet 
ITo. 

kVp mAs Distance of 
Sachet from 
Screen 

Field 
Size (2) 

Sachet 
Dose 

1 

2 

3 
4 
5 
6 
7 
8 

9 
10 

11 
12 

13 
14 

15 
16 

17 
18 

19 
20 

(1) An arb i t ra ry point may be selected on the tur.iel or screen and 
the height of t h i s point above the f loor (or platform on which 
person stands) should be measured for each persor. If t h i s method 
i s chosen, give the v e r t i c a l distance between t h i s point and the 
top of the screen r..,.,..,,,.,,.... 

(2) Field size i s to be given e i t h e r at the screen or a t the person 's back. 
The size ia given a t th? , . , . - . , . , , . . . . 

Control sachet numbers re tu rned : -
8lack -"o-.vo***)*''^*?!. Red «•<<»..•«.»••.•••« 

I l * ' l * i * f 4 ' t ) 4 ( l f i . . . f i l e . . . * ' / • • * . • # 

Exhibit 9, Do9e assessment form no. 6. 



MIK::A~ HEALTH A:T EPICAL RJUSSARCH CCITCIL 

DPS: Assssstc:? FORI: FORM 6 

Ins t ruc t ions for t-xacinK aacnets or; persons undergoing mass miniature 
chest X-ray eianinatior. 

Male persons only wil l be involved in these measurements. 
Two sachets ^one red and one black) are to be placed on each person 
undergoing examination. The red sachet i s to be used in turn on 
20 persons nut a nev; black sachet i s to be used on each person. 

The red sachet should be placed in a fresh envelope (supplied) with 
the phosphor-bearing end placed in f i r s t . This envelope i s lo be 
placed on the person so that i t i s against h i s scrotum. If he i s 
wearing underpants which are of a c l o s e - f i t t i n g type, the sachet 
(in i t s envelope; car. be placed between the scrotum and underpants, 
but i f not, then surgical tape can be used to a t tach i t to the person ' s 
thign so that the phosphor-bearing end of the sachet (in i t s envelope) 
i s in contact with the scrotum. 

The black sachet i s to be placed on the outside of the person's c lo th ing , 
on his back and in the centre of the X-ray bean. This sachet can be 
held in posi t ion by surgical or cel lulose tape. 

All sachets must be removed as soon as the examination i s finished 
and kept in a place '..here they wi l l not be exposed to scat tered radiat ion? 

Notes for completion of Fore 6 

1, The X»ray unit iden t i f i ca t ion should be completed so that t h i s un i t 
can be ident i f ied with technical information to be obtained separately* 

2, The focus screen distance i s to be measured. For t h i s measurement 
tne front of the screen is to be used. 

3 , Determine the height and weight of each person undergoing examination 
by askinr these d e t a i l s . As an a l t e rna t ive to the height , i t would be 
ross ib l t to measure the height of a selected a rb i t r a ry point on the 
screen or tunnel above the f loor (or platform i f the person undergoing 
examination stands or. a platform). The v e r t i c a l distance between the 
a rb i t ra ry selected point and the top of the screen should be indicated 
separately or. the Dose Assessment Form. 

4 , The sachet numbers are to be entered in the spaces provided on each 
Form, which provides for d e t a i l s of 20 persons to be entered. There 
vn.il be only one red sachet number, but 20 different black sachet 
numbers to be entered on each Form. 

c>. The kVp and mAs are to be entered for each person undergoing examination, 
Tne mAr. value give:, i s to be the best estimate possible . 

6, hcaaure tne distance of the black sachet to the surface of the screen 
ar.a enter i n tne column provided. This distance wi l l be nearly equal 
to the thickness of the person in the centre of the X-ray beam. 

7 , If lead rubber or lead p la s t i c drapes are used give the f ie ld s ize as 
determined by the l igh t beam diaphragm on the person's back. I t 
should be noted that the width of the f ie ld wil l always be constant . 
If drapes are not u3ed the f ield size a t the screen wil l be s a t i s f a c t o r y . 

Return of Sachets 

'./her, not in use , sachets should be kept in a place well away from 
rad ia t ion . After use they should be returned to the appropriate 
person in the s t a t e Health Department. In re turning sachets , extra 
sachets to act as controls must a lso be re turned. With each 20 black 
sachets returned, include 3 b l a a control sachets and with the red 
sachets returned from any-one X-ny un i t , include 3 red control sachets. 

Exhib i t 9 Cont 'd . 
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