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APPENDIX III 

 
RADIATION UNIT CONVERSION TABLE 

 
INTERNATIONAL SYSTEM OF UNITS 

 
 
The International System (SI) units are a consistent set of units for use in all branches of science.  The 
General Conference on Weights and Measures acting on the recommendation of the International 
Commission on Radiation Units and Measurements (ICRU) has adopted special unit names for SI units used 
in connection with radioactivity. 
 
The SI unit of activity is the becquerel (symbol Bq) equal to one nuclear transformation per second 3.7 x 
1010 becquerels equal to one Curie (Ci) exactly. 
 
The SI unit of absorbed dose is the Gray (symbol Gy) equal to one joule/kilogram (J/kg) 1 Gray equals 100 
rads exactly. 
 
The SI unit of dose equivalent is the joule/kilogram (J/kg). It is proposed by the International Commission of 
Radiological Protection (ICRP) that this unit be named the Sievert (symbol Sv).  One Sievert equals 100 
Rem exactly. 
 
The SI unit of exposure is the coulomb/kilogram (C/kg).  No special name has been adopted for this unit as 
its use is expected to decrease.  1 coulomb/kilogram is 3876 roentgens. 
 
 

PREFIXES FOR SI UNITS 
 

There is a set of prefixes to be used with SI units.  These include the following: 
 

Factor Prefix Symbol  Factor Prefix Symbol 

       

1018 exa E  10-3 milli m 

1015 peta P  10-6 micro � 

1012 tera T  10-9 nano n 

109 giga G  10-12 pico p 

106 mega M  10-15 femto f 

103 kilo k  10-18 atto a 

 
 

thus 1ci = 3.7 x 1010 Bq = 37 gigabecquerels (Gbq) 
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RELATIONSHIPS BETWEEN SI UNITS AND NON-SI UNITS 

 
Physical Quantity SI Unit Non-SI Unit Relationship 

activity Becquerel (Bq) Curie (Ci) 1 Bq = 2.70 x 10 Ci = 27.0 pCi 

absorbed dose Gray (Gy) rad (rad) 1 Gy = 100 rads = 1 J/kg 
1 Rad = 0.01 Gy = 10 mGy 

equivalent dose Sievert (Sv) rem 1 Sv = 100 Rem = 1 J/kg 
1 rem = 0.01 Sv = 10 mSv 

exposure C/kg Roentgen (R) 1 C/kg = 3876 R = 3.876 kR 
1R = 2.58 x 10 C/kg = 258 C/kg 

 
 
 CONVERSION FROM CURIES TO BECQUERELS 

 
 

uCi kBq uCi Mbq 
mCi Mbq mCi GB 
Ci Gbq Ci Tbq 
 
0.1 3.7 30 1.11 
0.2 7.4 40 1.48 
0.25 9.25 50 1.85 
0.3 11.1 60 2.22 
0.4 14.8 70 2.59 
0.5 18.5 80 2.96 
 
1 37 
2 74 100 3.7 
2.5 92.5 125 4.625 
3 111 150 5.55 
4 148 200 7.4 
5 185 250 9.25 
6 222 300 11.1 
7 259 400 14.8 
8 296 500 18.5 
9 333 600 22.2 
  700 25.9 
10 370 750 27.75 
12 444 800 29.6 
15 555 900 33.3 
20 740 
25 925 1000 37 
 
Examples:  0.2 uCi = 7.4 kBq 50 uCi = 1.85 Mbq 
    5 mCi = 185 Mbq 200 mCi = 7.4 Gbq 
    20 Ci = 740 Gbq 1000 cI = TBq 
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APPENDIX IV 

 
RECOMMENDED DOSE LIMITS 

 

TABLE 6 - RECOMMENDED DOSE LIMITS 1 
 

 
Application Occupational Public 

Effective dose 20mSv per year, averaged over 

defined periods of 5 years2 
1 mSv in a year 3 

Annual equivalent dose in  
-  the lens of the eye 

- the skin4 

-  the hands and feet 

 

150 mSv 
500 mSv 
500 mSv 

 

15 mSv 
50 mSv 
  -- 

 
1 The limits apply to the sum of the relevant doses from external exposure in the specified period and the 

50-year committed dose (to age 70 years for children) from intakes in the same period. 
 
2 With the further provision that the effective dose should not exceed 50 mSv in any single year.  

Additional restrictions apply to the occupational exposure of pregnant women. 
 
3 In special circumstances, a higher value of effective dose could be allowed in a single year, provided that 

the average over 5 years does not exceed 1 mSv per year. 
 
4 The limitation on the effective dose provides sufficient protection for the skin against stochastic effects.  

An additional limit is needed for localised exposures in order to prevent deterministic effects. 

 
from ICRP report 60 (1991) 
 
 
DOSE RATE IN AREAS CONTINUOUSLY ACCESSIBLE TO THE PUBLIC 
The recommended dose limit for members of the public is 1 mSv per year, which may be averaged over five 
years, and may in special circumstances be raised to 5 mSv in one year.  Such limits may be subject to a 
constraint that would allow for the fact that members of the public may receive radiation doses from more 
than one source.  In setting a limit for areas adjacent for radiological laboratories where the public may have 
access, it is reasonable to assume that no members of the public would be present in the relevant area for 
more than 8 hours per day, for 250 days a year. 
 
On the basis of the above assumptions, the dose rate set in this Standard for areas continuously accessible 
to the public is designed to limit the dose, received by someone present 8 hours per day for 250 days in one 
year, to 1 mSv, i.e. 0.5�Sv/h. 
 
If it is known in any specific situation that the above assumptions could result in average doses greater than 
1 mSv/year averaged over five years to any member of the public, then a site-specific dose rate limit lower 
than 0.5 �Sv/h should be used. 
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APPENDIX V 

 
THERMOLUMINESCENCE DOSIMETERS 

 
ARPANSA TLD BADGES 
 
From N.D. Morris:  Personal Radiation Monitoring and Assessment of Doses received by Radiation Workers.  
ARL 1991. 
 
The TLD monitor consists of a TLD card sealed into a paper envelope that 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 utilises CaSo4:Dy in the teflon matrix and has identification marks which can be read 
automatically.  The radiation dose can be measured in four discrete areas of the card. 
 
CaSo4: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 that 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 predominantly aluminium filter 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 that corresponds 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. 
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APPENDIX VI 

 
GUIDELINES FOR THE SAFE USE AND DISPOSAL FOR COMMON ISOTOPES 

 
 
APPENDIX 6.1 - IODINE 125 
 
Radioactive half-life T½ 59.6 days 
 
Principle emission: 35keV gamma (7% emitted, 93% internally covered)   
 27-32keV X-rays (140% Te K X-rays) 
 
Monitoring for contamination: Scintillation detector 
 
Biological Monitoring: Thyroid scans (scintillation detector) 
 
Annual limit on Intake (ALI) 

by inhalation: 2 x 106Bq (~ 55�Ci)* 
 
Dose rate from 1GBq point 
source at 1m: 41�Sv/h (4.1 mrem/h) 
 
First half value layer: 0.02 mm lead 
 
 
Appendix 6.1.1 - General 
 
1. Iodine-125 emits X and gamma rays of a variety of low energies, as well as Auger electrons.  This 

radionuclide is hazardous. 
a. When handled at close range, such as handling the vial with the hand, a high radiation dose is 
delivered to the fingers by the very low energy, short range x-rays. 
b. When taken internally, Iodine is taken up preferentially by the thyroid.  A high radiation dose is 
given to the thyroid cells by the low energy x-rays and the Auger electrons. 

2. Iodine-125 for protein iodination is of very high specific activity, small volume, and is highly volatile.  
Small, high activity volumes of this material may be deposited invisibly on surfaces.  Contamination is 
easily transferred from surface to surface, spreading the hazard. 

3. Protein iodination reactions may be vigorous and may be followed by the dispersal of microscopic 
droplets of high activity I-125. 

4. High specific activity iodine-125 forms volatile organic molecules when it comes into contact with the 
atmosphere, thus increasing the proportion of radioactivity that becomes airborne. 

5. The setting up of any new radioiodination laboratory must be discussed with the RSO before 
implementation. 

6. The person performing the radioiodination must have had specific training in handling Iodine-125. 
7. A TLD badge must be worn by the person performing radioiodination. 
8. Radioiodination may only be performed in designated, approved laboratories. 
 
The laboratory must: 
 
• comply with radioisotope laboratory requirements.  There must also be no eating, drinking or application 

of cosmetics in the area 
• have an approved fume cupboard 
• be free of air draughts that could affect the fume cupboard 
• have a suitable radiation monitor within easy reach 
• have absorbent paper and decontamination detergent (such as Decon) within easy reach.  Also a 1-5% 

alkaline solution of sodium thiosulphate containing 0.1% sodium iodide, marked with an inert water 
soluble dye 

• have a supply of iodine in the form of Lugol's solution, or preferably potassium iodide tablets or capsules 
• restrict access to authorised persons only 
• have a suitable labelled container for radioactive waste 
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9. Prophylactic doses of blocking iodine prior to handling of large quantities of I-125 is sometimes 

advisable, although it can lead to over-confidence.  A single dose of 60mgs can reduce iodine uptake to 
less than 1%.  Lugol's iodine contains approximately 7mg. iodine/drop. 

10. Radioiodine solutions should be kept basic as far as possible to reduce volatilisation. 
 
Appendix 6.1.2 - The Fume Cupboard 
 
The fume cupboard used for protein iodination should:   
 

• not be used for other purposes 
• have an average air velocity at right angles to the face of the fully open cupboard of at least 

0.75m/s for the hood opening and at least 0.65m/s at any point 
• have in a prominent position on the front of the fume cupboard a notice bearing the words "switch 

on ventilation before using fume cupboard" 
• be tested before being accepted for use and after any structural repairs or modifications 
• be check regularly during its life 
• have a sliding door designed to prevent the presentation of an aerofoil to any air flow, which may 

cause eddies to form around the base of the door 
• be so designed and installed that exhaust fumes cannot enter an occupied area 
• have a radiation warning sign 
• have its door closed when not in use 
• Filters in the fume cupboard should only be changed after monitoring them.  If in doubt please 

contact the Radiation Safety Officer. 
 
Appendix 6.1.3 - Handling Procedures 
 
1. On receipt of the radioisotope package, the user, wearing gloves, must inspect the vial of I-125 and 

record anything observable that is unusual and noteworthy with respect to the contents, for example 
leakage. 

2. The container holding the radioisotope must be clearly labelled, then stored behind a lead barrier in a 
refrigerator until used. 

3. Double plastic or rubber gloves and a gown must be worn throughout the procedure. 
4. The procedure should be planned and arranged such that the hands and body are at the maximum 

practical distance from the radiation source.  Tongs and forceps should be used where possible for 
handling. 

5. Just before use, the vial of I-125 must again be observed and anything unusual recorded. 
6. Opening the vial and all dispensing manoeuvres must be done in the fume cupboard, while the vial is 

still cold.  All handling must be done behind a lead barrier and over a tray lined with absorbent paper. 
7. The procedure must be carried out quickly and without interruptions, such that radiation sources do not 

remain unshielded or open to the atmosphere for appreciable lengths of time.  Vials must not remain 
without stoppers for longer than necessary. 

8. During the procedure, do not leave contaminated materials or articles in the open.  Tissues, etc. must 
be placed in a plastic bag.  Contaminated instruments that will not be immediately re-used should be 
placed in a container containing a stabilising (1-5%) alkaline solution of sodium thiosulphate with 0.1% 
sodium iodide, and marked "contaminated-radioactive". 

9. At the end of the procedure: 
• cap all vials and place in lead shields as necessary 
• keep all waste solutions alkaline to reduce volatility 
• place all contaminated articles in a clearly labelled container containing a solution of alkaline 

thiosulphate and iodide as above 
• with great care, do not induce any I-125 to become airborne, place all radioactive waste, including 

the absorbent paper in the tray, in a labelled plastic bag, seal and store as necessary  
• clean and tidy the area 
• close the fume cupboard door 
• remove protective gown and leave in an appropriate place in the room 
• place gloves in the labelled radioactive waste container in the room 
• wash hands well before leaving the laboratory 
• arrange for monitoring of the hands and area as soon as possible after the procedure 

10. All persons directly involved with protein iodination, should after consultation with the RSO, submit 
themselves for thyroid monitoring regularly and after an accidental spillage. 
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Appendix 6.1.4 - Accidental Spillage 
 
1. Quickly treat the spillage with excess sodium thiosulphate solution. 
2. Cover the spill with absorbent paper. 
3. Notify persons in the area that a spill has occurred. 
4. All persons not involved with the spill must vacate the room. 
5. Contaminated persons must limit their movements. 
6. Close doors to prevent traffic. 
7. If spill is on the skin, flush thoroughly with running water, then sodium thiosulphate solution. 
8. If spill is on clothing, discard affected clothing at once and place in a sealed, labelled bag. 
9. Notify the RSO immediately. 
10. Initiate preliminary decontamination using mild decontamination detergent and luke-warm water. 
11. In case where ingestion of I-125 is suspected the assistance of the RSO must be sought immediately, 

so that thyroid blocking may be instituted.  This usually involves around 130mg of K1. 
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APPENDIX 6.2 - CARBON 14 
 
Radioactive half-life T1/2  5730 years 
 
Principal emission:  0.156MeV beta (maximum) 
 
Monitoring for contamination: Thin end-window Geiger-Müller detector 
 
Biological Monitoring:  Urine samples 
     Breath measurements (CO2) 
 
Annual Limit on Intake (ALI) 
by ingestion:   9 x 10 Bq (~2.5 mCi)** (Labelled Organic Compounds) 
 
Maximum range in air:  24 cm 
 
Maximum range in water:  0.28 mm 
 
 
Shielding:   1 cm Perspex/Plexiglas.  Thinner Perspex/Plexiglas down to 3mm, 

although adequate to reduce doses, does not have good mechanical 
properties. 

 
Special Considerations:  There is a possibility that some organic compounds can be absorbed 

through gloves.  Care needs to be taken not to generate carbon dioxide 
which could be inhaled. 

 
**  Based on occupational effective dose equivalent limit of 50mSv for 
stochastic risks. 

 
Waste Disposal:   Aqueous liquid waste from Carbon 14 tracer experiments can be flushed 

down the medium level laboratory sink with appropriate dilution * and 
maintaining appropriate records.  Solid waste and liquid scintillant waste 
should be sent to the University Radiation Storage Shed. 

 
*  Refer to Table 6.1 for amounts to be released to the environment. 
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APPENDIX 6.3 - CALCIUM-45 
 
 
Radioactive half-life T1/2  163 days 
 
Principal emission:  0.257MeV beta (maximum) 
 
Monitoring for contamination: End-window Geiger-Müller detector 
 
Biological Monitoring:  Urine  
 
Annual Limit on Intake (ALI) 
by inhalation (most restrictive): 3 x 10 Bq (~1 mCi)**  
 
Maximum range in air:  52 cm 
 
Maximum range in water:  0.62 mm 
 
 
Shielding:   1 cm Perspex/Plexiglas cuts out all betas 
 
Special considerations:  In general Calcium-45 does not require any special precautions over 

and above those necessary for any beta-emitting radionuclide of this 
energy of emissions.  The majority of Calcium-45 is deposited in the 
bone and is retained with a long biological half-life. 

 
Waste Disposal:   Aqueous waste can be disposed of to the sewer with appropriate 

dilution (table 6.1).  Remainder of waste should be sent to the University 
Radiation Storage Shed. 

 
**  Based on occupation effective dose equivalent limit of 50mSv for 
stochastic risks. 

 

     In Germany the ALI value is 2 x 107Bq. 
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APPENDIX 6.4 - PHOSPHORUS-33 
 
 
Radioactive half-life T1/2  25.4 days 
 
Principal emission:  0.249MeV beta (maximum) 
 
Monitoring for contamination: Geiger-Müller detector 
 
Biological Monitoring:  Urine samples 
 
Annual Limit on Intake (ALI) 

by inhalation (most restrictive): 3 x 108 Bq (~10 mCi)**  (Class D) 
 
Maximum range in air:  49 cm 
 
Maximum range in water:  0.6 mm 
 
Shielding:   1 cm Perspex (Plexiglas) cuts out betas.  Thinner Perspex/Plexiglas 

down to 3mm, although adequate to reduce doses, does not have good 
mechanical properties. 

 
Special considerations:  In general, Phosphorus-33 does not require any special precautions 

over and above those necessary for any beta-emitting radionuclide of 
this energy of emissions.  

 
Waste disposal:   As for Carbon 14. 
 

**  Based on occupation effective dose equivalent limit of 50mSv for 
stochastic risks. 

 

In Germany, the ALI value is 4 x 107Bq for phosphates of Zn, Sn, Mg, 

Bi, lanthanides.  1 x 108 for all other phosphates. 
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APPENDIX 6.5 - TRITUM (3H) 
 
 
Radioactive half-life T1/2  12.4days 
 
Principal emission:  18.6KeV beta (maximum) 
 
Monitoring for contamination: Swabs counted by liquid scintillation 
 
Biological Monitoring:  Urine samples 
 
Annual Limit on Intake (ALI) 

by ingestion or inhalation:  3 x 109 Bq (~80 mCi)**  (tritiated water)  
 
Maximum range in air:  6 mm 
 

Maximum range in water:  6 x 10-3 mm 
 
Shielding:   None 
 
Special considerations:  Tritum, because of its low beta-energy, cannot be monitored directly and 

therefore special care is needed to keep the working environment clean 
and tidy.  Regular monitoring by counting swabs is advisable in areas 
where this nuclide is used.  Tritium compounds can be absorbed 
through the skin.  Appropriate gloves should be worn.  External 
contamination, although not causing a radiation dose itself, should be 
kept as low as possible as it can lead to internal and hence hazardous 
contamination;  it can also interfere in experimental results.  DNA 
precursors, e.g tritiated thymidine, are regarded as more toxic than 
tritiated water partly because activity is concentrated into cell nuclei.  
This is reflected by lower ALIs for the material in this form (refer to ICRP 
30). 

 
**  Based on occupation effective dose equivalent limit of 50mSv for 
stochastic risks. 

 
Waste Disposal:   Aqueous and solid waste can be disposed of to the environment 

depending on biological toxicity.  Scintillation waste should be sent to 
the University Radiation Storage Shed. 
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APPENDIX 6.6 - PHOSPHORUS-32 
 
 
Radioactive half-life T1/2  14.3 days 
 
Principal emission:  1.709MeV beta (maximum) 
 
Monitoring for contamination: Geiger-Müller detector 
 
Biological Monitoring:  Urine samples 
 
Annual Limit on Intake (ALI) 

by  inhalation:    3 x 107 Bq (~1 mCi)**  (Class D) 
 
Maximum range in air:  790 cm 
 
Maximum range in water:  0.8 mm 
 
Dose rate from 1 Mbq in 1ml: 210mSv/h (21 rem/h) at surface;  2.5�Sv/h (0.25 mrem/h) at 1m 
 
Shielding:   1 cm Perspex (Plexiglas) cuts out betas and minimises production of 

Bremsstrahlung. 
 
Special considerations:  Phosphorus-32 is the highest energy radionuclide commonly 

encountered in life science research laboratories and as such requires 
special care.  Avoid exposure, for example do not hold tubes containing 

even small quantities of 32P any longer than necessary - use a stand or 
holder. If quantities greater than a few tens of Mbq (around a mCi) are 
used, wrist and finger dosimeters should be worn.  Remember wrist 
badges alone may fail to indicate high dose to the finger tips.  The use 
of lead-impregnated rubber gloves is also recommended.  Even with 
low-density materials (for example, Perspex/Plexiglas) the absorption of 
the beta-particles gives rise to relatively high energy Bremsstrahlung 
which may require some lead shielding when quantities greater than a 
few hundred Mbq (or tens of millicuries) are being handled. 

 
**  Based on occupation effective dose equivalent limit of 50mSv for 
stochastic risks. 

 

     In Germany the ALI value is 6 x 106Bq. 
 
Waste Disposal:   Aqueous waste can be stored for several times (approximately 10) and 

then disposed of to the environment.  All other waste should be sent to 
the University Radiation Storage Shed. 
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APPENDIX 6.7 - SULPHUR-35 
 
 
Radioactive half-life T1/2  87.4 days 
 
Principal emission:  0.167MeV beta (maximum) 
 
Monitoring for contamination: Thin end-window Geiger-Müller detector 
 
Biological Monitoring:  Urine samples 
 

Annual Limit on Intake (ALI) 4 x 108 Bq (~10 mCi)**  (Inorganic compounds) 

by  ingestion:    2 x 108 Bq (~ 5 mCi)*  (Elemental sulphur) 
 
Maximum range in air:  26 cm 
 
Maximum range in water:  0.32 mm 
 
Shielding:   1 cm Perspex (Plexiglas).  Thinner Perspex/Plexiglas down to 3mm, 

although adequate to reduce doses, does not have good mechanical 
properties. 

 
Special considerations:  Note that organic compounds are often strongly retained and no limits of 

exposure have been set for them.  Care also needs to be taken not to 
generate sulphur dioxide or hydrogen sulphide which could be inhaled.  

Radiolysis of 35S-amino acids during storage and use may lead to the 

release of  35S-labelled volatile impurities.  Although the level of these 
impurities is small (typically less than 0.05%) contamination of the 
internal surfaces of storage and reaction vessels may occur.  Vials 
should be opened and used in ventilated enclosures. 

 
**  Based on occupation effective dose equivalent limit of 50mSv for 
stochastic risks. 

 

     In Germany the ALI value is 3 x 108Bq. 
 
Waste Disposal:   As per Carbon-14. 
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APPENDIX 6.8 - CHROMIUM-51 
 
 
Radioactive half-life T1/2  27.7 days 
 
Principal emission:  0.32MeV gamma (9.8%); 5keV X-ray (22% V-51 K X-rays) 
 
Monitoring for contamination: Scintillation detector 
 
Biological Monitoring:  Whole body 
 
Annual Limit on Intake (ALI)  

by inhalation (most restrictive): 7 x 108 Bq (~ 20 mCi)**   
 
Dose rate from 1 Gbq point 
source at 1 m:   4.7 �Sv/h (.047 mrem/h) 
 
First half value layer:  3mm lead (approx) 
 
Special considerations:  In general, Chromatium-51 does not require any special precautions 

over and above those necessary for any radionuclide of this energy of 
emissions.  Chromium-51 in the form of chromate is not selectively 
absorbed by any organ in the body. 

 
**  Based on occupation effective dose equivalent limit of 50mSv for 
stochastic risks. 

 

     In Germany the ALI value is 3 x 108Bq. 
 
Waste Disposal:   Aqueous waste can be disposed of to the environment (refer Table 6.1).  

All other waste should be sent to the University Radioactive Waste 
Storage Shed. 
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APPENDIX VII 

 
FORMS IN USE 

 
SCHOOL OF BIOLOGICAL SCIENCES 

 
THE UNIVERSITY OF NEWCASTLE 

 
 

Post Graduate Student Radiation Licence Exemption Form 
 
Name of Supervisor 
and Licence Holder: 
 
Home Address: 
 
 
Phone:    After Hours: 

Name of Post Graduate Student: 
(requiring general supervision) 
 
Home Address 
 
 
Phone:    After Hours: 

Course: 
 
 

Radiation substances to be used: 
 
 
 
 
 

Type of Procedures: 
 
 
 
 
 

Special Circumstances: 
 
 
 
 
 

Note:  "General Supervision" means supervision by a qualified supervisor who oversees the person being 
supervised and ensures that the person follow safe radiation work practices in relation to the use of 
radioactive substance or radiation apparatus. 
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I have read the University of Newcastle's Radiation Safety Manual and agree to comply with them and any 
other requirements of my supervision. 
 
 
Student's Signature: ……………………………………………….. 
 
Date: 

 
I agree to provide general supervision to .............................................................  in the handling of 
radioactive material.  I am aware of the requirements of the Radiation Control Act - 1990 of NSW and its 
Regulation (2003) and agree to comply with them. 
 
 
Supervisor's Signature: ……………………………………………………. 
 
Date: 

 
Please Note:  One copy of this form must be retained by the student, one by the Supervisor, one to the 
Building Radiation Safety Officer and one displayed near where the student is carrying out the above 
procedures. 
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APPENDIX VIII 

 
COMMONWEALTH OF AUSTRALIA 

Environment Protection (Nuclear Codes) Act 1978 
CODE OF PRACTICE 

FOR THE SAFE TRANSPORT OF RADIOACTIVE SUBSTANCES 1990 
Extracts applying to “Excepted Packages” 

 
* The radiation level at any point on the external surface of the package shall not exceed:  

5 �Sv/h (0.5 mrem/h). 
 
* The non-fixed radioactive contamination on any external surface of the package shall not exceed: 

0.4 Bq/cm2. 
 
* For radioactive substances of special form (solid or capsule) and other forms (liquids etc), Activity must not 
exceed the limits listed for the radionuclides below: 

 special form 
10-3A1(Mbq) 

other form 
10-4A2(Mbq) 

  special form 
10-3A1(Mbq) 

other form 
10-4A2(Mbq) 

Bromine-82 400 40  Carbon-14 40000 200 

Chromium-51 30000 3000  Dysprosium-165 600 50 

Fluorine-18 1000 50  Gallium-67 6000 600 

Indium-111 2000 200  Indium-113m 4000 400 

Iodine-123 6000 600  Iodine-125 2000 200 

Iodine-131 3000 50  Molybdenum-99 600 50 

Phosphorus-32 300 30  Selenium-75 3000 300 

Sodium-22 500 50  Sodium-24 200 20 

Strontium-90 200 10  Sulphur-35 40000 200 

Technetium-99m 8000 800  Thallium-201 10000 1000 

Tin-113 4000 400  Tritium 40000 4000 

Xenon-133 20000 2000  Yttrium-90 200 20 

 
• The package must bear the marking:   

“RADIOACTIVE” 
 

   on an internal surface in such a manner that a warning of the presence of radioactive material is 
   visible on opening the package. 
 
• The consignor shall include in the transport documents with each consignment, the United Nations Number 

“2910", 
 

 and all items shall be described as: 
 

“RADIOACTIVE MATERIAL, EXCEPTED PACKAGE”, 
 
   and shall include the proper shipping name of the substance or article being transported, ie: 
 

“LIMITED QUANTITY OF MATERIAL”. 
 
• For domestic movement by postal authorities, the activity of the contents of the package must not exceed 

one tenth the prescribed limit. 
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APPENDIX IX 

 
TABLE:   ACTIVITY LIMITS FOR EXCEPTED PACKAGES 
 

Physical state of contents Instruments and articles Materials 

 Item limits Package limits Package limits 

Solids 
   solid or sealed capsule 
 
   other forms 

 

 

10-2A1 

10-2A2 

 
A1 

A2 

 

10-3A1 

10-3A2 

Liquids 10-3A2 10-1A2 10-4A2 

Gases 
 
  tritium 
 
  sealed capsule 
 
  other forms 
 

 
 

2x10-2A2 

10-3A1 

10-3A2 

 
 

2x10-1A2 

10-2A1 

10-2A2 

 
 

2x10-2A2 

10-3A1 

10-3A2 

 
• A1 is the activity limit for type A packages of an indispensable solid radioactive material or a sealed 

capsule containing radioactive material. 
• A2 is the activity limit for type A packages of other forms of radioactive material such as liquids. 
 
 
TABLE: ACTIVITY LIMITS FOR TYPE A PACKAGES (A2) 
 
* Activity must not exceed the limits listed (A2) for LIQUID FORMS of the radionuclides below: 
 

 
Bromine-82 

(Gbq) 
400 

   
Carbon-14 

(Gbq) 
2000 

 

Chromium-51 30000   Dysprosium-165 500  

Fluorine-18 500   Gallium-67 6000  

Indium-111 2000   Indium-113m 4000  

Iodine-123 6000   Iodine-125 2000  

Iodine-131 500   Molybdenum-99 500  

Phosphorus-32 300   Selenium-75 3000  

Sodium-22 500   Sodium-24 200  

Strontium-90 100   Sulphur-35 2000  

Technetium-99m 8000   Thallium-201 10000  

Tin-113 4000   Tritium 40000  

Xenon-133 20000   Yttrium-90 200  
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RADIONUCLIDE 
TRANSPORT KIT 

AND 
EMERGENCY INSTRUCTIONS 

 
 

To be read and carried by all 
transporters of radionuclides 

 
Transport of radionuclides by 

public transport or taxis or motorcycles 
is NOT PERMITTED. 

 
Carry packages securely: in boot of car; or 

away from driver in vans and station wagons. 
 

Do not leave packages unsecured 
at ANY time. 

 
 

Radiation Information Services Centre 
Environmental Protection Authority 
Telephone: 9995 5959 office hours 

Fax: 9995 6603 
Email: radiation@epa.nsw.gov.au 

 
After hours, telephone the police. 

 
 

Persons transporting radionuclides must do so under the general supervision of a 
person who holds a Radioactive Substances Licence. 
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APPENDIX X 
 

ACCIDENT ACTION 
 
1. In the event of an accident, DON’T PANIC. 

 
The packaging complies with international standard requirements and is designed to withstand 
accidents.  If the package is not severely damaged, the radioactive material is most unlikely to be 
damaged, and its container is unlikely to leak.  So attend first to the needs of any injured persons. 

 
2. If the damage sustained by the vehicle does not have to be reported to the police and the vehicle can 

still be driven, deliver the parcel to the addressee, and tell them that the vehicle was involved in a minor 
accident on the way. 

 
3. If the vehicle needs to be towed away: 
 

a) Tell the tow-truck driver that the vehicle is carrying radionuclides in labelled packages. 
 
b) Telephone the SENDER at the telephone number listed on the consignment note and advise them 

of the accident.  If the package is damaged, request the attendance of a radiation physicist.  If the 
sender cannot be readily contacted, see (e) below. 

 
c) After any first aid procedures have been completed on injured persons, keep bystanders at least 1 

metre away from the vehicle. 
 
d) If the radioactive package is damaged, ask the tow truck driver to move the vehicle to clear the 

roadway and wait for the arrival of a radiation physicist who will remove the package(s) and check 
for any radioactive contamination. 

 
e) When the sender cannot be readily contacted, telephone Radiation Information Services Centre of 

the EPA on 02 9995 5959 or fax 02 99995 6603, and tell them: 
 

i) there has been an accident to a vehicle carrying radionuclides 
ii) the location of the accident; 
iii) whether anyone has been injured; 
iv) whether a radiation physicist is needed to remove damaged packages containing 

radionuclides. 
 
f) If the Radiation Information Services Centre cannot be contacted, eg after-hours, contact or 

telephone the local police. 
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APPENDIX XI 
 
 
 INSTRUCTIONS 
 
All transporters carrying labelled packages of radionuclides must: 
 
a) Check that a consignment form is attached to each package and that it has been completed with 

details of each radionuclide being delivered, destination and name of the addressee. 
 
b) Using the signs in this folder, put one transport sign, on each side of the vehicle and one on the rear of 

the vehicle. 
 

c) Carry packages securely: 
 

• either in boot of car; 
• or away from driver of van or station wagon. 

 
d) Carry this kit with you in the vehicle. 
 
e) At each destination deliver the appropriate package together with its consignment form, to the 

addressee or their agent. 
 
f) At your destination remove the three yellow transport signs from the outside of the vehicle and replace 

them in this folder. 
 
g) Deliver this folder and the final consignment form with the final radionuclide package to the specified 

delivery address. 
 
h) Passengers are not to be carried at the same time as the packages containing radionuclides.  However, 

a licensee responsible to the radionuclide being carried may travel in the vehicle, or if two or more 
people are required for radionuclide procedures off site, they may all travel in the same vehicle. 
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APPENDIX XII 
 
 
 NOTES FOR CARRIERS OF RADIOACTIVE SUBSTANCES 
 
A. CHECKLIST FOR CARRIERS 
 
1. The following check list is provided for carriers receiving radioactive substances for transport.  Tick off 

each item as checked. 
 
Waybill or Consignment Note 
 
2. (1) consignor’s name and address present; 

(2) consignee’s name and address present; 

(3) number of package(s) present; 

(4) whether consignment note states for instance “Dangerous Goods - Radioactive Substances, 
see attached documents (shippers’ declaration)”. 

 
Packages 
 
3. (1) correct number of packages present; 

 (2) contents are packaged properly; 

 (3) packages are correct size and weight; 

 (4) packages in good condition and seals intact; 

 (5) labels agree with Consignor’s Certificate (Shipper’s Certificate); 

(6) information on transport index, radioactive substances, and activity given on the package label 
agree with the Consignor’s Certificate (Shipper’s Certificate); 

 (7) a package containing liquid should have a “THIS SIDE UP” label if appropriate; and 

 (8) the class of the package(s) marked (eg TYPE A, B) as appropriate. 
 
B. SPECIAL REQUIREMENTS FOR VARIOUS MODES OF TRANSPORT 
 
4. Requirements for the transport of radioactive substances by road and rail are contained in the Code of 

Practice for the Safe Transport of Radioactive Substances.  Additional requirements are provided in 
the Australian Code for the Transport of Dangerous Goods by Road and Rail. 

 
5. Documentation required: 
 

(1) Movement order or equivalent document such as waybill, consignment note, etc. 
 
(2) Consignor’s Certificate (Shipper’s Certificate): 

 
A minimum of two copies is required.  One for the carrier and one, within a stout envelope, firmly fixed 
to the outside of the package for inspection in transit.  Where more than one carrier is involved, it may 
be necessary for each carrier to receive a copy of the Consignor’s Certificate. 

 
(3) Package certification as required. 
 
(4) Special Form Certificate, if applicable, for sealed sources. 
 
(5) Competent Authority approval as required. 
 
(6) Information for carriers: 

 
(a) any supplementary operational requirements for loading, transport, storage (away from 

persons, dangerous goods, livestock and films and for safe dissipation of heat), unloading 
and handling, or a statement that no supplementary operational requirements are necessary; 
and 
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(b) emergency arrangements specific to the package. 

 
6. The consignor is responsible for presenting a package or shipment (consignment) of radioactive 

substances for transport by rail within Australia in such a condition that the package or shipment 
(consignment): 

 
(a) shall be in accordance with the Code of Practice for the Safe Transport of Radioactive 

Substances (1988); and 
 
(b) is secure and safe for transport by rail to the approval of the Railways Commissioners. 

 
Additional requirements for transport by rail are set out in the Railways of Australia Code of Practices and 

Conditions for the Carriage of Dangerous Goods1.  
 
 
1 The Code of Practices and Conditions for the Carriage of Dangerous Goods (hereafter referred to as the 
ROA Code) is published by the Railways of Australia.  The ROA Code can be purchased from the head and 
regional offices of the relevant rail authority within the States and Northern Territory. 
 
C. SPECIFIC NOTES FOR CARRIERS 
 
7. (1) Ensure that  details  of  consignment are entered on  the  carrier’s  consignment note  or  

waybill.  The consignment note should state that “Dangerous Goods - Radioactive Substances, see 
attached documents (shippers’ declaration)” are being carried. 

 
(2) The package must be secured on the vehicle.  Small, light packages should be stored in a basket 

while larger, heavy packages should be properly blocked and braced. 
 
(3) Use a vehicle that will allow several metres or more between the driver (and assistant(s)) and the 

packages; the further the better (see handling rules in Section 1B). 
 
(4) Restrictions on the loading of radioactive substances must be observed in regard to segregation 

from personnel, photographic film, livestock and other dangerous goods (see Section 1C). 
 
(5) The sum of the transport indexes of packages loaded on the vehicle and into freight containers 

should not exceed 50 unless the material is LSA or other than under exclusive use conditions are 
applicable. 
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           APPENDIX XIII 
Radiation Inspection Checklist 

Building: 
Room Number: 
Responsible Person: 
Date: 
Evaluator: 
 

 Item Yes/
No 

Comment 

8. RADIATION LABORATORIES   
8.1 Is this a medium or low level laboratory? – Are staff 

aware of requirements for this level of work. 
  

8.2 Do all members of staff handling radioactive material (or 
operating irradiating apparatus) have appropriate 
licences?  (Copies of current licences should be 
maintained in a section of the Laboratory Safety Manual). 

  

8.3 Have students not licensed been issued with 
exemptions?  (Copies of exemptions should be retained 
in Laboratory Safety Manual). 

  

8.4 Is a copy of the University Safety Radiation Manual 
prominently displayed and available to all staff? 

  

8.5 What are procedures and associated risk assessments 
involving radiation in use in this laboratory?  (Copies of 
procedures should be maintained in Laboratory Safety 
Manual). 

  

8.6 Is there a new staff/student induction checklist and 
record of staff/student induction sign-offs. 

  

8.7 Is there a radiation warning sign displayed on the door?  
(If a medium level Laboratory) 

  

8.8 Are iodinations performed in this room?  If so is there a 
log of fume hood inspections? 

  

8.9 Are manipulations performed on a contained surface, ie 
lips all round? 

  

8.10 Where are isotopes stored?  Is there an inventory 
attached to the refrigerator? Is there a radiation warning 
sign on the refrigerator. Should be a lock and key system 
such that a casual visitor does not have access. 

  

8.11 What local waste disposal procedures are in place?  Are 
they in accord with Newcastle Uni. Requirements? (Local 
variations should be detailed in section in Laboratory 
Safety Manual.). 

  

8.12 Is there a log of disposal of radioactive waste?     
8.13 Is there an appropriate radiation monitoring instrument 

for the isotopes used in this room?  If so is there a 
servicing and calibration log? 

  

8.14 Is the floor covering appropriate for a medium level 
laboratory (i.e. seamless and extending up the walls)? 

  

8.15 If a low level laboratory, are radiation work areas 
designated? 

  

8.16 Which sink is used for disposal? Is there a weekly 
disposal log? 

  

8.17 Is there a roster for regular monitoring of the room? Are 
reports of monitoring kept on file? 

  

8.18 Are emergency procedures ( spills, personnel 
contamination )clearly displayed? Are spill kits available? 

  

8.19 Is there a phone in the room for emergency purposes   
8.20 Is there a personal badge monitoring system in place? 

Personal exposure records must be maintained. 
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Comments/Recommendations: 
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           APPENDIX XIV 

Laser Facility Inspection Checklist 
 
These items are derived from AS/NZ 2211.1:2004 Safety Of Laser Products, Part 1; Equipment 
classification, requirements and user's guide.  Specific terms used have the meanings given in that standard.  
While this checklist is intended primarily for assessment of Class 4 laser hazards, it may also be used for 
Class 3 lasers. 
 
Building: 
Room Number: 
Responsible Person: 
Date: 
Evaluator: 
 
Primary laser hazards 
General and administrative controls Y or N + Comments 
Has a Laser Safety Officer been appointed for the School or Centre?  
Are there written safe working and emergency procedures available?  
Have all laser workers received eye examinations as prescribed in clause 
12.14.1? 

 

Has full information on the laser been provided by the manufacturer?  
Are personnel experienced in laser use?  
Is there a need for additional training?  
Warning signs and labels  
Is there an area warning sign in compliance with clause 12.5?  
Is the laser labelled in compliance with Section 5 (clauses 5.4 through 
5.12 as appropriate) ie :  Class label as applicable 

 

Aperture label  
Radiation output label (power, wavelength, pulse duration, standards 
complied with)  Access panel labelling - clause 5.9 

 

Invisible radiation warning - clause 5.10  
Engineered safety features  
Protective housing as per clause 4.2.1  
Does the laser have a key control? (clause 4.5)  
Are beam enclosures or access panels interlocked? (clause 4.3.1)  
Is there a remote interlock connector provided? (clause 4.4)  
Visible or audible radiation emission warning device fitted?  (clause 4.6.1)  
Is there an effective beam stop?  (clause 4.7)?  
Is there a communication system from outside room?  
Is there a phone in the room?  
Operational aspects  
Is there effective access control over areas where lasers are used?  
Are all beam paths located away from normal eye level for seated or 
standing workers? 

 

Are open beams as short as possible?  
Are reflections effectively controlled?  
Is the beam terminated effectively?  
Personal protective equipment  
Are appropriate goggles available?  
Are they labelled with wavelength details?  
Is there a need for specific protective clothing?  
Secondary hazards 
Generation of noxious gases Y or N + comments 
With the operation of the laser produce any noxious gases: 
If so, is there an adequate local exhaust system? 

 

Electrical hazards  
Is there a physically separate power supply?  
Are hazardous voltages (ie. >32 V AC or >100 V DC) present?  
Are all connections, leads and switches appropriately insulated?  
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Fire Hazards  
Are any flammable liquids or gases used in the room?  
Are there any other combustible materials present? (eg paper, oily rags 
etc.)? 

 

Are appropriate fire extinguishers available?  
Are smoke detectors fitted in the room?  
Is there alternate egress from the room?  
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           APPENDIX XIV 
X-Ray Analysis Facility Inspection Checklist 

The following checklist is provided as an aide to assessing the likelihood of persons being exposed to 
ionising radiation whilst operating analytical devices utilising X-rays. It is based on the NH&MRC's Code of 
Practice for Protection against Ionizing Radiation Emitted from X-Ray Analysis Equipment, 1994. 

Building: 
Room Number: 
Responsible Person: 
Date: 
Evaluator: 
1. Equipment Details 
Equipment Type (eg. XRF, XRD, etc.)  
Manufacturer  
Date of Manufacture  
Model  
Serial No.  
Location  
Responsible Person  
Licence No. (if applicable)  

Checklist Below:  For a given piece of equipment, each item should be assessed and compliance indicated by a 
tick or cross. Where the item is not applicable to the setup, "N/A" should be used. Additional items/comments 
should be appended to the list. 
 / /NA Comment 
2. Warning Systems   
2.1 Notice at the area entry to indicate X-ray Equipment in use   
2.2  Warning light/sign on equipment indicating that X-ray tube is 

energised 
  

2.3  Warning light/sign on equipment indicating when shutter is 
open. 

  

2.4  Warning lights are fail safe   
2.5  Notice indicating whether unit is "enclosed" or "partly 

enclosed". 
  

2.6  For partially enclosed units:   
2.6.1 Warning light at entrance to indicate X-ray tube is ON.   
2.6.2 System in place to prevent exposure when shields 

incomplete: 
Notices  
Interlocks  

  

3. Procedures   
3.1 Is the unit is inoperable in the event of a warning system 

failure? 
  

3.2  Are written instructions required to ensure safety?  
 If so, are they provided to users? 

  

3.3  Are there circumstances where the X-ray beam is not fully 
enclosed? e.g. Alignment, adjustment, testing 

  

3.4  Has the NSW EPA approved any procedures in which 
interlocks are overridden or shields removed? 

  

4. Training   
4.1  Are all operators appropriately training and/or supervised?   
4.2  Has this training been documented?   
4.3  Are appropriate licensing requirements met?   
5. Monitoring   
5.1  Is there a personal exposure monitoring programme in place 

for all users? 
  

5.2 Are regular radiation surveys carried out?   
Date of last survey: 

  

5.3  Are records maintained of monitoring and survey 
programmes, and actions arising from them? 

  

 


