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2 
Introduction 

Exposure to radiation can cause genetic effects or cancer. People who use 
sources of radiation as part of their employment are potentially at a 
greater risk than others owing to the possibility of their being 
continually exposed to small radiation doses over a long period of time. 

In Australia, the National Health and Medical Research Council (NHMRC 1981 
and l?9l) has established radiation protection standards and set annual 
effective dose limits for radiation workers in order to minimise the chance 
of adverse effects occurring. These standards are based on the 
recommendations of the International Commission on Radiological Protection 
(ICRP 1990). 

In order to ensure that the prescribed limits are not exceeded and to 
ensure that doses are kept to a minimum, some sort of monitoring is 
necessary. For exposure to external radiation, personal monitoring is 
recommended. 

Effective Dose 

The effective dose is used when describing radiation exposure from a 
protection point of view. It is calculated from the absorbed dose to the 
skin, modified by appropriate factors which take into account the sex of 
the wearer, the radiation energy and type of radiation used, the depth of 
the various body organs of interest and the susceptibility of the organs to 
harmful effects from radiation. The factors used to convert the skin dose 
to the effective dose are given in Table 1. These factors were derived in 
Morris (1983) and assume that the radiation worker has been exposed from 
the front in a uniform radiation field and are based on the dimensions of 
"reference man" as described in ICRP (1972). 

The NHMRC prescribed limits refer to the total effective dose received by 
the whole body or specific organs in one year. 

Owing to the uncertainties in calculating the effective dose, it is more 
convenient to ensure that the absorbed dose to the skin, as determined by 
the personal monitor results, does not exceed the effective dose limits. 

Tft» ABI. Pergonal Radiation Monitoring Service 

The Laboratory has operated a Personal Radiation Monitoring Service since 
the early 1930's so that people working with radiation can determine the 
radiation doses that they receive due to their occupation. 

Since late 1986, all persons monitored by the Service have been registered 
on a data base which maintains records of the doses received by each 
individual wearer. Ultimately, this data base will become a National 
Register of the doses received within Australia. At present, the Service 
regularly monitors approximately 20,000 persons, which is roughly 70 
percent of those monitored in Australia, and maintains dose histories of 
over 35,000 people. 

The skin dose for occupationally exposed workers can be measured by using 
one of the four types of monitor issued by the Service : 

1. Thermoluminescent dosemeter (TLD monitor) 
2. Finger TLD 
3. Neutron monitor 
4. Special TLD. 



The Thermoluminescent dosemeter (TLD monitor) is the most commonly 
used with over 100,000 issued annually. It is used to determine the 
whole body exposure of people who may be exposed to beta, gamma or x-
rays and can be worn for a 4, 8 or 12 weekly wearing period. 

The finfer TLD is used by persons who may be exposed to significant 
doses to the fingers. It measures exposure to beta, gamma or x-rays 
and is worn for a 4 weekly wearing period. 

The TLD monitor consists of a TLD card sealed into a paper envelope which 
is then placed inside a plastic TLD holder. The doses are determined by the 
measurement of the light output from the TLD card when it is heated through 
a specific temperature cycle. 

The TLD card utilizes CaS04:Dy in a teflon matrix and has identification 
marks which can be read automatically. The radiation dose can be measured 
in four discrete areas of the card. 

w,-
i r The neutron monitor is used to determine the doses received by people 

exposed to a combined field of fast neutrons, beta and gamma rays and . ̂  
is worn for a 4, 8 or 12 weekly wearing period. The neutrons may be 
produced from certain radioactive sources such as radium/beryllium, 
americium/beryllium or californium-252, or from certain high energy 
particle accelerators. Due to the labour intensity of the work 
required to assess these monitors, their issue is restricted to those 
people who are likely to receive neutron doses. 

The Special TLD is a monitor constructed within the Laboratory prior 
to issue and is sealed in a plastic envelope. It is used by people who 
may work in a dirty or dusty environment such as those found in 
uranium or mineral sands mining where the background radiation levels 
may be raised. This monitor is normally worn for periods of between 1 
and 3 months. 

The choice of wearing period depends on a number of factors. As radiation 
has the potential to cause adverse effects, it is necessary to try to 
minimize the doses received. An investigation of the causes of radiation 
doses may be hampered if the wearing period is too long. The length of the 
wearing period may also be restricted by the State or Territory Licensing 
Authority. 

An extra monitor is always issued to each establishment to act as a 
control. This monitor is always labelled Control A. The control is used in 
the assessment of doses received by the other monitors and serves as a 
means of determining the background radiation level or transit dose to 
which the batch as a whole is exposed. It will also assist in determining 
if the batch is accidentally exposed to radiation at any time. Any reading 
from a worn monitor which is statistically different from the control is 
assumed to be due to occupational exposure provided that certain 
consistency checks are also satisfied. 

The integrity of the doses reported is of the highest importance. All doses 
are traceable to Australian Primary Standards and a comprehensive quality 
assurance program is maintained in order to ensure the reliability of the 
Service. The minimum detectable doses and the overall accuracy of each 
monitor type is given in Table 2. 

A technical description of the monitors used in the Service is as follows: 

1. Thermoluminescent doseaeter (TLD monitor) 
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CaS04:Dy is a sensitive TLD material and this allows for a low minimum 
detectable dose but has the disadvantage that it is extremely energy 
dependent. A graph of the energy response of TLD cards that were exposed to 
the same dose of radiation is given in figure 1. The peak of the graph 
coincides with diagnostic x-ray energies and is approximately ten times the 
response that would result from the same dose of high energy gamma rays. 

It is also possible to use the TLD cards to assess beta ray doses provided 
that the beta ray energy is greater than 70 keV. Beta rays below this 
energy will not penetrate the paper envelope and reach the TLD card. 

In order to determine the actual dose that the monitor received, it is 
necessary to take into account the difference in response of the TLD to 
different types of radiation and different radiation energies. Knowledge of 
the type of radiation and radiation energy to which the TLD card was 
exposed is therefore important and the user is always asked to specify the 
radiation sources used. 

An estimate of the type and energy of the radiation to which the TLD card 
was exposed can be made if the card is placed in a holder which contains 
filters of different materials to attenuate the radiation beam to differing 
extents. The holder used in the Service is illustrated in figure 2. 

All radiation will interact with the part of the TLD card behind the open 
window area. The thick plastic area will effectively stop any beta rays 
getting to the TLD card and will attenuate gamma and x-rays to a small 
extent. The filter which is predominantly aluminium will reduce the photon 
radiation reaching the TLD card for energies of less than 60 keV and the 
predominantly copper filter will significantly reduce the photon radiation 
reaching the TLD card for energies of less than 150 keV. Consequently, by 
taking the ratio of the measurements made on the TLD card which correspond 
to these four areas, the type of radiation can be distinguished and an 
effective energy determined. 

When the radiation listed by the user differs from the estimated radiation 
energy as determined from the TLD measurements, a comment to that effect 
can be included on the dose report. This may help the wearer to determine 
the cause of the dose received. 

2. Finger TLD 

The finger TLD consists of a disc of LiF:Mg,Ti in a teflon matrix which is 
sealed into a ring shaped plastic container and worn on the finger. They 
are generally worn by people handling high activity radioactive sources, 
such as those used in the treatment of patients, or by people using x-ray 
diffraction units, where there is the possibility that the wearer may get a 
high dose to the fingers. 

LiF is used as the TLD material as it is relatively energy independent; the 
sensitivity at 20 keV only about 30 percent higher than it is for higher 
energy photons. One disadvantage of this material is that the minimum 
detectable dose is greater than that of CaSO^:Dy, particularly for x-rays. 
This is not considered to be too disadvantageous as the dose limit for the 
fingers is 10 times greater than for the whole body. A graph of the energy 
response of the LiF discs that were exposed to the same dose of radiation 
is given in figure 3. The finger TLD is also sensitive to beta rays that 
have an energy greater than 70 keV, gamma and x-rays, but as the finger TLD 
has no filtration system, the accuracy of the assessment depends on the 
user correctly identifying the radiation sources used. 
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3. •eutroo monitor 

The neutron monitor consists of a TLD card for the detection of photon and 
beta radiation and a plaque of CR39 plastic which is sensitive to fast 
neutrons. The card and plaque are placed in a specially modified holder 
similar to that used with the TLD monitor. The neutron monitor is 
constructed within the Laboratory prior to issue. 

Tha photon and beta ray doses are measured in the same manner as described 
previously for the TLD monitor. 

The fast neutron dose is measured using the CR39 plastic plaque. Vhen 
neutrons interact with CR39, proton recoil produces events in the plastic 
that are visible through a microscope after the plastic has been etched 
overnight by a concentrated potassium hydroxide solution. The events can be 
recognised by their shape which may be elliptical or conical. The number of 
events per unit area is proportional to the neutron dose received by the 
plastic. 

4. Special TLD 

The special TLD monitor consists of an assembly of a TLD card and a TLD 
holder similar to that described previously. 

The monitor is assembled at the Laboratory prior to issue. It is sealed 
into a plastic envelope so that when the monitor is used in a dirty or 
dusty environment, the monitor itself cannot become contaminated, and is 
issued to uranium or mineral sand mining establishments. These 
establishments have the added difficulty that the monitors could be stored 
in a high background area when not being worn. 

The Control A is used to measure the normal background radiation level or 
doses received in transit. However, as the worn monitors may be stored in a 
high background area, it is necessary to issue an additional control that 
is stored in the same area as these monitors when they are not being worn. 
This control is labelled Control B. This control helps to separate the dose 
that the wearer received from that which the monitor received while it is 
being stored in the high background area. 

Figure 4 demonstrates the problem, where the shaded area is the actual 
occupational dose that the wearer received. The total number of hours 
worked in the wearing period by the wearer is also required. 

The wearer dose is calculated in the following manner : 

DOSE - (R - C A) - (CB - C A) x (WP x 168 - TSH)/(WP x 168) 

where : R is the dose received by the worn monitor 
C B is the dose received by Control B 
C A is the dose received by Control A 
WP is the wearing period in weeks (168 hours per week) 
TSH is the total number of hours worked during the wearing period 
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Method of Calculating » tadiation Pome 

For the TLD monitor. Special TLD monitor and neutron monitor, the TLD 
measurements are made on a Teledyne 9150 TLD reader. As each TLD card 
passes through the machine, the four areas on the card which correspond to 
the four filtered areas in the holder are individually heated producing 
four readings which are related to the dose received by the monitor. 

The readings on a worn monitor will be due to radiation if they are 
statistically different from the control's readings and if the readings 
beneath the different filtered areas of the holder also obey a specific 
relationship. 

In order to convert the readings on the worn monitor to a dose, the 
radiation energy must be estimated. The energy is determined from the 
relationship between the four readings and double checked with the 
information about the type of radiation used which is listed by the wearer 
on the forms returned with the monitors. The radiation used also has to be 
consistent with what is expected for the particular occupational 
classification for that wearer. 

Cnce the radiation energy has been estimated the appropriate response 
factor shown in figure 1 can be determined. 

The dose to the monitor is then : 

Dose (JJSV) = (Monitor reading - Control reading) 
Response factor 

• • 

• .1 

I 

A similar procedure is used for the finger monitor, although only one 
measurement is made on the TLD disc. The energy of the radiation is taken 
from the information supplied by the user and the response factor 
determined from figure 3. The above dose calculation is then performed. As 
the response to different energy radiations does not differ by more than 30 
percent, errors in the estimation of the energy do not alter the assessed 
dose to any great extent. 

Occupation*! Exposure Lerel» 

All persons monitored by the Personal Radiation Monitoring Service are 
classified into the various occupational categories listed in Table 3. The 
establishments in which they work are also classified into the certre types 
listed in Table 4. These classifications have been derived from the type of 
work performed and the workload involved rather than from strict occupation 
categories. 

The comparison of the doses received by a particular worker with those 
received by the same type of worker at the same type of establishment can 
be used to check the adequacy of radiation protection measures at the 
worker' establishment. Such comparisons can show whether these are as 
effective as those used at similar establishments. 

Table 5 gives data on annual photon doses to monitors worn by 
occupationally exposed personnel. These data have been derived for each 
occupational category according to the centre type. The Table lists the 
quartile doses together with the maximum dose found and the average dose 
and the number of workers in each the category. Occupational categories 
with less than 5 workers have been omitted. 
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One quarter of the doses to workers in each occupational category are below 
the value listed for the first quartile for that category, (Ql), half are 
below the median value and three quarters are below the third quartile 
(Q3). 

Workers can compare the annual doses that they receive with the data in 
Table 5 to see how they compare with workers undertaking the same type of 
work. If a particular occupational category is not listed, the category 
which best fits the type of work undertaken should be used. 

As good radiation protection practice suggests that the radiation doses 
received by workers be kept as low as reasonably achievable, it would seem 
reasonable to suggest that each radiation worker should aim to reduce his 
or her annual dose to below the median value. If the annual dose is between 
the median value and third quartile value, then an investigation may be 
conducted to examine the procedures which caused the dose, so that future 
doses can be reduced to below the median if at all possible. If the annual 
dose is above the third quartile, an immediate and thorough investigation 
should be made to determine the causes as it is well above the level of 
doses that workers undertaking similar work receive. 

For particular occupational groups, the average annual doses to the 
extremities are given in Table 6 and the annual average photon and neutron 
doses are given in Table 7. These tables can also be used for comparing the 
doses of workers undertaking similar work. Radiation workers should aim to 
make the doses as low as possible, bearing in mind that the average value 
should be indicative of what is generally achievable in normal practice. 
Any doses significantly above this value should be investigated in an 
attempt to reduce the dose levels. 

If all workers were to try to reduce their doses to below the current 
median values for their occupational categories reported here, the chances 
of adverse effects occurring would also be reduced. 
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Table 1. 
Multiplying Factors to Convert the Skin Dose 

to Effective Dose 

Radiation Type 

30 kV Xrays 

50 kV Xrays 

75 kV Xrays 

75 - 130 kV Xrays 

140 - 180 kV Xrays 

180 - 220 kV Xrays 
(medium filtration) 

230 - 250 kV Xrays 
(medium filtration) 

250 kv Xrays 
(heavy filtration) 

Effective Mult iplying Factor 
Energy (keV) Male Female 

17 . 4. V/ .10 

20 .30 .10 

23 .40 .20 

33 .60 .40 

60 .80 .60 

70 .80 .65 

95 

122 

• * ^ m j c 140 

300 kV Xrays 170 
(heavy filtration) 
5 1Cr 320 
131X 360 
1 3 7 C s , 192 I r 660 
2 2 6Ra. 6 0Co 1200 

.85 

.90 

.90 

.90 

.90 

.90 

.90 

.90 

.70 

.73 

.75 

.75 

.80 

.80 

.80 

.80 

fr 
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Mini 
Table 2 

Detectable Dose and Accuracy of Monitors 

a. TLD . Special TLD and Mentron Monitors 

Radiation Type Mininua 
Detectable 
Dose (pSv) 

Mazinua 
pSv 

errors 
percentage 

10 ± 20 ± 20 

10 ± 20 ± 15 

10 ± 20 ± 20 

30 - 50 kV Xrays 

50 - 120 Kv Xrays 

120 - 250 kV Xrays 
(medium filtration) 

200 - 300 kV Xrays 
(heavy filtration) 

y rays from single 
specified radioactive 

sources 

y rays from single 
unspecified radioactive 

sources 

0 rays from single 
specified source 
(above 70 keV) 

mixtures of radioactive 
sources (excluding 
p rays and neutrons) 

fast neutrons 

20 

70 

70 

70 

70 

50 

± 50 

± 100 

± 100 

± 100 

± 150 

1 100 

± 15 

± 15 

± 20 

± 30 

± 50 

± 30 

b. Pinter TLD 

Radiation Type Minimum 
Detectable 
Dose (pSv) 

Maximum errors 
pSv percentage 

All (excluding 100 ± 100 ± 30 
neutrons) 
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Table 3 
Classification of Wearer Occupations 

Diagnostic Radiology 

01 Radiation Safety Officers, Hospital Physicists 
02 Radiologists 
03 Medical Practitioners (other than 07 below) 
04 Radiographers and others X-raying patients (including 

trainees) 
05 Assistants to the above 
06 Receptionists, office workers, etc 
07 Medical Specialists (eg cardiologists, urologists, surgeons) 

Radiotherapy 

11 Radiotherapists, dermatologists, gynaecologists 
12 Radiation Safety Officers, Hospital Physicists, Therapy 

Radiographers (including trainees) 
13 Those nursing patients with radioactive sources in situ 
14 Assistants to the above 
15 Receptionists, office workers 

Ruclear Medicine or Pathology 

21 Radiation Safety Officers, Hospital or Medical Physicists 
22 Nuclear Medicine Specialists or Pathologists 
23 Nuclear Medicine Technologists or Medical Lab. Technologists 

(including trainees) 
24 Assistants to above 
25 Receptionists, office workers 

Dentistry 

31 Dentists 
32 Assistants to above 
33 Receptionists, office workers 

Chiropractic 

41 Chiropractors, osteopaths, etc 
42 Assistants to above 
43 Receptionists, office workers, etc 

Veterinary 

51 Veterinary surgeons 
52 Assistants to above 
53 Receptionists, office workers, etc 
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Code 

12 

Table 3 (continued) 
Classification of Wearer Occupations 

Industry, Research and Education 

61 Those using X-ray diffraction units and/or electron 
microscopes, etc 

62 Those working outside totally enclosed installations 
63 Those using non or partially enclosed radiation sources (other 

than 64) 
64 Those using radioactive isotopes in tracer techniques 
66 Teachers/Demonstrators 
67 Students (other than post-graduate research included in above 

classifications) 
68 Radiation Safety Officers 

Uranium Mining 

71 Mill workers 
72 Mine workers 
73 Miscellaneous 
74 Radiation Safety Officers 

Mineral Sand Mining 

81 Miner 
82 Wet Plant Operator 
83 Dry Plant Operator 
84 Miscellaneous 
85 Radiation Safety Officers 

90 Installation and Maintenance Personnel 

91 Inspectors 
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Clar i f i ca t ion of Kstablishwent Trues 

Code 
Diagnostic Radiology 

01 Small hospital department with one or two radiographers 
02 Large hospital department with more than two radiographers 
03 Private radiological practice 
04 Other medical practices 
05 Other hospital and nursing establishments 

Radiotherapy 

11 Dermatology 
12 Radiotherapy department 
13 Private radiotherapy practice 

•uclear •edicine/pathology 

20 Nuclear medicine department 
21 Private nuclear medicine practice 
25 Pathology departments or practices 

Dental 

30 Hospital 
31 Private practice 
32 Government service 
33 School dental service 

Chiropracty 

40 Chiropractic practice 

Veterinary 

50 Veterinary practice 

Industry 

60 Manufacturer utilizing quality control or quality assurance devices 

61 Industrial radiography 

Mining 

70 Uranium mining 

80 Mineral sand mining 

Research 

90 Government 
91 Medical and veterinary 
92 Industry-

Education 93 
94 

Tertiary 
Secondary 
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Table 5 

Aimiml Photon Doses to Monitors Born by Occupational!? Exposed Personnel 

Diagnostic Radiology 

Occupational 
Classification 

Quartile Doses 
(|iSv) 

Ql sedlan Q3 

Max 
Dose 
(|»Sv) 

fit •o of 
Wearers 

Snail Hospitals 

Radiologists 20 160 490 3000 395 19 

Medical Practitioners 13 280 22 90 

Radiographers 30 100 7240 110 303 

Assistants 30 1210 42 120 

Receptionists 20 60 13 25 

Medical Specialists 20 40 120 18C 71 7 

Large Hospitals 

Hospital Physicist/RSO 40 180 450 102 9 

Radiologists 10 85 348 13880 383 248 

Medical Practitioners 40 170 2270 220 37 

Radiographers 25 70 150 8660 148 1181 

Assistants 40 120 1590 101 575 

Receptionists 10 35 90 19 33 

Medical Specialists 30 145 6290 242 101 

Installation/Maintenance 
Personnel 

35 215 6270 376 28 

Private Radiological 
Practices 

Radiologists 20 110 323 5150 331 78 

Medical Practitioners 5 28 90 15 16 

Radiographers 30 100 220 1370 157 403 
Assistants 20 70 220 1200 170 64 

Receptionists 10 110 10 29 
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TtMe ? (cpBtlnogdl 

*™TT^ fhoton Doses to Monitors Worn br OccupatlonnHT TTP?«rf T*«'T""TI'»1 

Diagnostic ladloloar 

Occupational 
Classification 

Quartile Doses 

Ql Median Q3 
Dose 
(flST) 

Average 
Dose 
(|IST) 

•o of 
Wearers 

Other Medical Practices 

Radiologists 30 170 570 128 23 

Medical Practitioners 10 1590 24 197 

Radiographers 40 130 770 94 150 

Assistants 20 4500 69 119 

Receptionists 20 30 7 26 

Medical Specialists 10 70 4200 227 27 

Other hospital ft nursing 
establishments 

Radiologists 8 30 A3 270 48 10 

Medical Practitioners 28 2710 61 80 

Radiographers 20 70 570 50 127 

Assistants 20 360 23 176 

Receptionists 10 15 30 9 9 

Medical Specialists 30 360 1870 220 19 
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Table 5 (continued) 

AM»H*I Photon Doses to Monitors Worn by Occapatlonally »wp«««»d Personnel 

Radiotherapy 

Occupational 
Classification 

Quartile Doses 
(|«Sv) 

Ql median Q3 
Max 
Dose 
(JISY) 

Average 
Dose 
<|iSv) 

•o of 
Wearers 

Dermatology 

Radiotherapists/ 
Dermatologists 

620 960 1040 624 5 

Receptionists 25 50 10 5 
Hospital Radiotherapy Dept 

Radiotherapists/ 
Gynaecologists 

35 210 850 2460 469 29 

Therapy radiographers 70 230 392 36280 476 270 
Those nursing patients 
with radioactive sources 

40 170 445 14680 518 157 
in situ 

Assistants 20 50 90 28 12 
Private Radiotherapy 

Practice 

Therapy radiographers 30 130 2225 2940 876 9 
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Table 5 (continued! 

Annual Photon Doses to Monitors Bora br Occupational!* Exposed Personnel 

•uclear Medicine or Pathology 

Occupational 
Classification 

Quartile Doses 
(«Sv) 

Ql median Q3 

Max 
Dose 
<«Sv) 

fii •o of 
Bearers 

•uclear Medicine Dept 

Hospital or medical 
physicist 

60 130 320 6940 616 15 

Nuclear medicine specialist 78 335 653 1890 475 38 

Nuclear medicine 
technologist 

200 1198 6910 753 262 

Assistant 165 690 2830 454 58 

Receptionist 10 70 2610 231 22 

Private nuclear medicine 
practice 

Nuclear medicine specialist 170 1505 2268 3790 1535 6 

Nuclear medicine 
technologist 

48 1290 2510 6470 1718 34 

Receptionist 410 500 540 358 5 

Pathology 

Nuclear medicine 
pathologist 

30 4 7 

Medical Lab technologist 20 790 30 329 

Assistant 70 310 51 15 

Receptionist 1230 3690 683 6 
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Table 5 (continued) 

tWVT1 y^oton Doses to Monitors Worn by Occupational!? Kip""™1 Personnel 
Dentistry 

Occupational 
Classification 

Qnartile Doses 
(«Sv) 

Ql aedian Q3 

III 
Average 
Dose 
(uSv) 

•o of 
Wearers 

Dental Hospital 

Dentists 20 170 12 85 

Assistants 10 1050 16 158 

Receptionists 10 50 7 20 

Private practice 

Dentists 30 15770 41 761 

Assistants 20 3250 18 1144 

Receptionists 20 160 11 110 

Government Service 

Dentists 20 310 15 110 

Assistants 20 110 13 207 

Receptionists 10 20 40 13 18 

School dental service 

Dentists 10 20 70 13 60 

Assistants 10 30 110 18 121 
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Table 5 (continued) 

*""•") photon Doses to Monitors Worn by Occnpationally apposed Personnel 

Chiropractic practice 

Occupational 
Classification 

Quartile Doses 
(pSv) 

Ql median Q3 

Max 
Dose 
<|«Sv) 

Average 
Dose 
(pSv) 

•b of 
Wearers 

Chiropractor/osteopath 10 40 690 36 113 

Assistants 20 1 24 

Receptionists 30 5 40 

Table S (continued) 

Annual Photon Doses to Monitors Worn by Occupationallv ifrrp«mi»d Personnel 

Veterinary practice 

Occupational 
Classification 

Quartile Doses 
(JJSV) 

Ql median Q3 

Max 
Dose 
<|iSv> 

(ii Mo of 
Wearers 

Veterinary Surgeon 20 2000 36 748 

Assistants 10 790 17 665 

Receptionists 20 110 11 95 
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Table 5 fcontinued) 

Anniml Photon Doses to Monitors Worn by Occupationally Exposed Personnel 

Industry 

Occupational 
Classification 

Quartile Doses 
(»IST) 

Ql median Q3 

Max 
Dose 
(JIST) 

Average 
Dose 
(|iSv) 

•o of 
Wearers 

Manufacturer using quality 
assurance or quality control 
devices 

Users of X-ray analysis 
units, electron microscope, 
etc 

30 1370 37 206 

Useis of enclosed 
installations or quality 
assurance sources 
eg package monitors, 
thickness gauges, etc 

20 12700 51 529 

Users of open installations 30 100 8190 144 665 

Users of radioactive tracer 105 650 71 54 

Radiation safety officers 30 680 40 39 

Installation & maintenance 
personnel 

10 90 25980 172 318 

Inspectors 20 30 8 5 

Industrial Radiography 

Users of enclosed 
installations 

1C 360 10040 688 141 

Users of open installations 30 340 2150 18450 1670 135 

Radiation safety officers 35 130 23 9 
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Table 5 (continued) 

Aimii«i Photon Doses to Monitors Worn by OccupationallT *J»p««»d Personnel 

Mining 

Occupational 
Classification 

Qnartile Doses 
<|«Sv) 

Ql median Q3 

Mam 
Dose 
(•S») 

Average 
Dose 
(|iSw) 

Mo of 
Wearers 

nranimi Mining 

Mine workers 665 1485 2850 6790 1831 206 

Mill workers 140 360 1020 11180 728 354 

Miscellaneous 40 340 840 2740 535 63 

Radiation Safety Officer 295 370 575 4940 747 13 

Mineral sands mining 

Wet plant operator 88 130 203 5280 455 42 

Dry plant operator 270 615 1415 9900 1016 150 

Miscellaneous 100 175 523 2350 417 114 

Radiation Safety Officer 10 130 255 360 147 6 
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Table 5 (continued) 
A"""f^ photon Doses to Monitors Worn br Occupation^ ly ««posec' Personnel 

lesearch 

Occupational Qoartile Doses Mas Average •o of 
Classification (MSv) Dose Dose Hearers 

Ql median Q3 IjtSw) (|IST> 

Gominncnt 

Users of X-ray analysis 30 520 25 227 
units, electron microscope, 
etc 

Users of enclosed 20 800 66 97 
installations or quality 
assurance sources 
eg package monitors, 
thickness gauges, etc 

Users of open installations 10 60 1140 51 283 

Users of radioactive tracer 80 2200 61 988 

Teachers/demonstrators 10 50 10 11 

Students 30 270 31 30 

Radiation safety officers 10 70 420 60 35 

Installation & maintenance 30 240 24 23 
personnel 

Inspectors 23 40 58 290 57 12 
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Table 5 (continued) 

Annual Photon Poses to Monitors Worn by Occupational!T «»po«»rf P»nnmel 

Research 

Occupational Quartile Doses Max Average •o of 
Classification (|lS¥) Dose Dose Wearers 

Ql median Q3 iliSw) (fiSv) 

Medical fc Veterinary 

Radiographer 10 1 10 

Nuclear medicine 40 800 53 24 
technologist or medical 
lab technologist 

Users of enclosed 20 80 10 19 
installations or quality 
assurance sources 
eg package monitors, 
thickness gauges, etc 

Users of open installations 68 1350 78 44 

Users of radioactive tracer 43 2390 46 1090 

Students 30 80 170 43 21 

J 



Table 5 (continued) 

fa™*' Photon Poies to Monitors Born by Occnpationally it*prt«»d Personnel 

lesearch 

Occupational Qoartile Doses Max Average •o of 
Classification (pSw) Dose Dose Wearers 

Ql aedian Q3 CfiS*) (HSw) 

Industry 

Users of enclosed 30 50 12 5 
installations or quality 
assurance sources 
eg package monitors. 
thickness gauges, etc 

Users of open installations 110 265 370 137 6 
Users of radioactive tracer 15 310 34 53 
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Table 5 (continued) 

Annual photon Doses to Monitors Worn by Occupational!? Exposed Personnel 

Education 

Occupational 
Classification 

Quartile Doses 
(pSv) 

Ql aedian Q3 

Max 
Dose 
(|IST) 

Average 
Dose 
<|iSv) 

•o of 
Wearers 

Tertiary 

Radiographer •»o 60 150 36 170 

Therapy radiographer 40 90 1530 79 55 

Nuclear medicine 
technologist or medical 
lab technologist 

20 190 480 870 255 51 

Chiropractor/osteopath 5 30 40 90 32 12 

Veterinary surgeon 30 ,1070 71 21 

Users of X-ray analysis 
units, electron microscope, 
etc 

10 810 29 91 

Users of enclosed 
installations or quality 
assurance sources 
eg package monitors, 
thickness gauges, etc 

23 40 11 14 

Users of open installations 60 1210 59 143 

Users of radioactive tracer 30 2840 29 696 

Teachers/demonstrators 60 2290 88 65 

Undergraduate students 10 620 24 191 

Radiation safety officers 40 4 14 

Secondary 

Teachers/demonstrators 6 
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Table 6 

Annual Extremity Doses to OccupatlonallT Exposed Persons 

Occupational Classification Average •o of 
Extremity 

Dose 
(|iSv) 

Wearers 

Radiotherapy 

Hospital Radiotherapy Pept 

Radiotherapists / 5550 12 
Gynaecologists 

Therapy radiographers 1590 17 

Ruclear Medicine or Pathology 

Huclear Medicine Dept 

Nuclear medicine 15080 61 
technologist 

Pathology 

Medical Lab technologist 630 43 
Industry 

Manufacturer using quality 
assurance or quality control 
devices 

Users of enclosed installations 390 7 
or quality assurance sources 
eg package monitors, thickness 
gauges, etc 

Users of open installations 5150 15 
Installation & 380 18 
maintenance personnel 
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Table 6 (continued) 

Annual Extremity Doses to Occupationally Exposed Persons 

Occupational Classification Average 
Extremity 

Dose 
(|iSv) 

•o of 
Vearers 

Research 

Government 

Users of X-ray analysis 
units, electron microscope, 
etc 

660 17 

Users of open installations 660 17 
Users of radioactive tracers 520 77 

Medical & Veterinary 

Users of radioactive tracers 690 46 
Industry 

Users of radioactive tracers 10170 7 
Education 

Tertiary 

Users of open installations 2330 12 
Users of radioactive tracers 1280 61 
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Table 7 

Aimiml Doses to Monitors Worn by Personnel y*pn«»rt to Beatron Sources 

Occupational Classification Average Average •o of 
Photon •eutron Wearers 
Dose Dose 
(UST) (uSv) 

Kadiotherany 

Hospital Radiotherapy Dept 

Therapy radiographers 77 79 30 
Industry 

Manufacturer using quality assurance 
or quality control devices 

Users of enclosed installations 299 42 51 
or quality assurance sources 

Users of open installations 118 22 311 
Users of radioactive tracers 66 75 15 

Research 

Government 

Users of enclosed installations 25 35 33 
or quality assurance sources 

Users of open installations 22 13 133 
Users of radioactive tracers 24 9 13 

Industry 

Users of enclosed installations 209 8 
or quality assurance sources 

Users of open installations 56 38 8 

9 , 
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Figure 1. 

Radiation Energy Response of TLD cards 
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Figure 2. 
TLD Holder 
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Figure 3. 

Radiation Energy Response of LiF discs. 
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Figure 4. 
Schematic diagram of Occupational Dose using 

Special TLD monitors. 
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