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Introduction
Radiochemicals are widely use in a variety of scientific applications. Amersham
Biosciences’ many years of experience in the manufacture and use of
radiolabelled compounds provides a valuable source of information on how to
work safely with radioactivity.

This guidebook provides basic information about the manufacture of
radiolabelled compounds as well as guidelines regarding the methods of
handling and suitable storage conditions. More detailed information and
instructions may be found in the relevant data files and product specification
sheets provided with the products. 

Regulations
Before ordering or using radioactive materials, customers must take whatever
actions are necessary to ensure that they are complying with their national or
state regulations governing the use of such materials.

These regulations are additional to and do not replace local rules, instructions
or training in the establishment, or advice from local Radiation Protection
Advisors, which define actions and behavior in the work-place.

In most countries (except the USA) regulations are closely related to the
International Atomic Energy Agency (IAEA) regulations and codes of practice.

In the UK, the principal legislation governing the keeping, use and disposal of
radioactive substances is the Radioactive Substances Act 1993 (RSA), the
Health and Safety at Work Act 1974 (HSWA) and the Ionizing Radiation
Regulations 1999 (IRR).

Customers outside the UK must comply with all relevant local regulations and
should contact their local regulatory authority for advice. In the absence of
national Guidance Notes or Codes of Practice, it is recommended that the UK
system be followed whenever practicable. If in doubt about how to proceed,
contact your adviser on radiation protection or Amersham Biosciences
Customer Services.  

Before obtaining any radioactive substances or undertaking work with ionizing
radiation in the UK for the first time, a person or organization must:

• Register by obtaining a certificate of registration and an authorization for
disposal (if required) from the Department of the Environment (RSA Section
1) or, in Northern Ireland, the Department of Economic Development (DED).
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• Notify the Health and Safety Executive (HSE) or, in Northern Ireland, the
DED, of the intention to carry out the work, at least 28 days before
commencing the work.

• Appoint a suitably qualified and experienced Radiation Protection Adviser
(RPA), having given the HSE at least 28 days prior written notice of the
intended appointment. Having appointed an RPA, his advice must be 
sought on observation of the regulations and safety aspects of the work.

In particular, the RPA must be asked to advise on:

• The selection and training of Radiation Protection Supervisors (RPSs) to
supervise the work.

• The drawing up of written systems of work and local rules for the work to 
be done.

• Appropriate training for the person(s) carrying out the work.

• Appropriate dosimeters, dose-rate meters and contamination monitors.

• Hazard assessments.

• Contingency plans for dealing with any reasonably foreseeable accident,
occurrence or incident involving radioactive substances.
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Working safely with radioactive materials
The safety requirements for any of the less toxic nuclides (e.g. carbon-14 and
tritium) may be less complex and less restrictive than the Regulations or Codes
of Practice appear to indicate. This does not mean that these materials may be
treated casually.

Compounds labelled with low-energy beta-emitters may be handled safely in
the small quantities found in most research and teaching laboratories, with 
only modest precautions.

These quantities represent no greater hazard than working with many other
laboratory chemicals.

It is important to follow the code of good laboratory practice in addition to
specific precautions relating to the particular radionuclides used (e.g. when
handling high-energy beta-emitters, such as phosphorus-32 or compounds
labelled with gamma emitting isotopes).

Although radiation protection can be a complex subject it is possible to 
simplify it to ten golden rules, which should always be observed.
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Ten golden rules
Rule Other considerations

1. Understand the nature of the hazard Never work with unprotected cuts or breaks in the skin,
and get practical training. particularly on the hands or forearms. Never use any

mouth-operated equipment in any area where unsealed
radioactive material is used. Always store compounds under
the conditions recommended. Label all containers clearly,
indicating nuclide, compound, specific activity, total activity,
date, and name of user. Containers should be properly sealed. 

2. Plan ahead to minimize time spent Carry out a ‘dummy run’ without radioactivity to check your
handling radioactivity procedures.  (The shorter the time, the smaller the dose.)

3. Distance yourself appropriately from Doubling the distance from the source quarters the radiation
sources of radiation. dose (The Inverse Square Law).

4. Use appropriate shielding for the 1-cm Perspex/Plexiglas will stop all beta particles but it is
type of radiation. important to be aware of ‘Bremsstrahlung’ from high-energy

beta-emitters. Use suitable thickness of lead or lead acrylic
shielding for X-ray and γ-emitters.

5. Contain radioactive materials within Always keep active and inactive work separated as far as 
defined work areas. possible, preferably by maintaining rooms used solely for

radioactive work. Always work over a spill tray within a
ventilated enclosure. These rules may be relaxed for small
(a few tens of kBq) quantities of 3H-, 35S-, 33P-, 14C-, and 
125I-labelled compounds in a non-volatile form in solution.

6. Wear appropriate protective clothing Laboratory overalls, safety glasses, and surgical gloves must 
and dosimeters. be worn at all times. However, beware of static charge on

gloves when handling fine powders. Local rules will define
which dosimeters should be worn (e.g. body film badge or
thermoluminescent extremity dosimeter for work with high
energy beta-emitters, etc).

7. Monitor the work area frequently In the event of a spill follow the prepared contingency plan:
for contamination. 1. Verbally warn all people in the vicinity

2. Restrict unnecessary movement into and through the area
3. Report the spill to the Radiation Protection

Supervisor/Adviser
4. Treat contaminated personnel first
5. Follow clean-up protocol.

8. Follow the local rules and safe ways Do not eat, drink, smoke, or apply cosmetics in an area 
of working. where unsealed radioactive substances are handled.  Use

paper wipes and dispose of them appropriately. Never
pipette radioactive solutions by mouth. Always work carefully
and tidily.

9. Minimize accumulation of waste and Use the minimum quantity of radioactivity needed for the 
dispose of it by appropriate routes. investigation. Disposal of all radioactive waste is subject to

statutory control. Be aware of the requirements and use only
authorized routes of disposal.

10. After completion of work, monitor Never forget to do this. Report to the local supervisor if 
yourself, wash and monitor again. contamination is found.
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Types of monitoring and non-radioactive
hazards
Regular monitoring of working areas is essential. Monitoring should take the
form of contamination surveys and dose rate surveys where applicable. Any
abnormal levels should be dealt with immediately. Monitoring may be
considered under two headings.

Environmental monitoring
Working areas should be regularly monitored for contamination using the
correct detector. Thin end-window Geiger counters are suitable for carbon-14,
phosphorus-32, and phosphorus-33, and other medium- to high-energy beta-
emitters, but not for tritium. Tritium contamination is extremely difficult to
monitor directly. The best practical method is to take wipes (with paper disks).
Assessment of activity on the wipes can then be carried out by liquid
scintillation counting or gas flow proportional counting.

Detection of X-rays and gamma-emitters is more efficient using a scintillation
detector than a Geiger counter.

Dose rate surveys should be performed at regular intervals using a suitable
instrument. Dose rates should be kept as low as reasonably achievable
(ALARA) in the working environment by use of local shielding and minimization
of quantities held.

Personal monitoring
The techniques used for checking contamination of the skin and clothing are
broadly the same as those used for environmental monitoring.

Care must be taken when using high-energy beta-emitters, such as
phosphorus-32, as low levels of contamination can give high skin dose.

Tritium can be readily absorbed through the skin.

The wearing of radiation monitoring films or thermoluminescent dosimeters for
persons handling carbon-14, tritium, or sulfur-35 is normally considered
unnecessary. Low-energy beta radiation from these nuclides cannot penetrate
the covering material of the dosimeters. If other nuclides are to be handled
(e.g. phosphorus-32) it may be necessary to wear extremity and body radiation
monitoring dosimeters (refer to local rules). Biological monitoring for tritium and
carbon-14 may be carried out by scintillation counting of urine samples.
Breath samples can also be taken to detect carbon-14 labelled carbon dioxide.
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Non-radioactive hazards
The chemical hazards associated with handling radiochemicals are relatively
insignificant compared with the radioactive hazard because of the very small
quantities normally present. Under certain circumstances, it may be necessary
to take account of any hazard arising from the solvent present. The precautions
taken to minimize radioactive hazards in the laboratory will also minimize
chemical hazards. There are no substitutes for properly trained staff and good
laboratory practices.

Types of shielding
The appropriate choice of shielding depends on the type of radioactive
emission. Two types of shielding are available: one for phosphorus-32, the
other for iodine-125.

Phosphorus-32
Products for safer handling of phosphorus-32 are constructed from heavy
gauge, 10-mm optical-quality acrylic. This material has a very low “Z-number”,
reducing the energy of the “bremsstrahlung” produced and effectively
absorbing all beta emissions from phosphorus-32.

Iodine-125
To attenuate γ-emissions, a high “Z-number” shielding (e.g. lead) is required.
All Amersham Biosciences iodine-125 shielding provides both transparency
and appropriate shielding by using a 12-mm lead acrylic co-polymer. This
material has virtually all the normal chemical and physical properties, including
transparency, of conventional acrylic. It has a lead equivalence value of 
0.5 mm, providing protection against all iodine-125 emissions.

Note: Accessory products are designed to be compatible with the range of safety products from
Amersham Biosciences, but they DO NOT provide any protection against radioactive emissions in
themselves.
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Physical properties of common radionuclides 
Three important physical properties determine the usefulness of a radionuclide
as a tracer (also see Table 1).

1. Half life
Radionuclides routinely used as tracers (e.g. 32P, 33P, 35S, 125I, tritium, and
14C) have half-lives ranging from several days to thousands of years. Such
half-lives, and the related specific activities of such radionuclides make them
ideally suited to applications such as DNA synthesis studies,
radioimmunoassays, binding studies, drug screening, and ADME* work.

In contrast, when the half-life of a radionuclide is very short, any compound
labelled with it will be difficult to prepare, use, and measure within the time
of decay.  For certain important elements there are no radionuclides that
have half-lives long enough for practical use (e.g. oxygen-15 has a half-life of
2 min and nitrogen-13 a half-life of 10 min).

2. Modes of decay 
A number of different modes of decay result in the emission of different
types of ionizing radiation (i.e. alpha particles, beta particles, X- and gamma
rays, and neutrons).  The most commonly used radiolabelled materials
decay by emission of beta particles and/or X- or gamma rays.

Applications using alpha-emitters are limited in biological research.

3. Energy of decay
The energy of decay, combined with the mode, determines how the nuclide
can be measured. Beta-emitters can be measured by liquid scintillation
counting, autoradiography, and, provided the energy of emission is not too
low, thin end-window ionization counting.  Gamma-emitters are usually
measured by solid scintillation methods.

Table 1 lists some physical properties of important radionuclides.

*ADME = adsorption, distribution, metabolism, excretion (elimination).
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Radionuclide Half-life Beta energy (MeV) Specific activity Daughter
Max Maximum nuclide (stable)

Cadmium-109 462.6 days electron capture* 280.89 Ci/matom† Silver-109
10.39 TBq/matom

Calcium-45 163 days 0.257 797.18 Ci/matom Scandium-45
29.50 TBq/matom

Carbon-14 5730 years 0.157 62.19 mCi/matom Nitrogen-14
2.30 GBq/matom

Chromium-51 27.7 days electron capture 4690.97 Ci/matom Vanadium-51
173.57 TBq/matom

Cobalt-57 271.8 days electron capture 478.07 Ci/matom Iron-57
17.69 TBq/matom

Iodine-125 59.9 days electron capture 2169.28 Ci/matom Tellurium-125
80.26 TBq/matom

Iodine-131 8 days 0.606 16242.50 Ci/matom Xenon-131
600.97 TBq/matom

Iron-59 44.5 days 0.466 2920.00 Ci/matom Cobalt-59
108.04 TBq/matom

Nickel-63 100 years 0.066 3.56 Ci/matom Copper-63
131.72 GBq/matom

Phosphorus-32 14.3 days 1.71 9086.71 Ci/matom Sulfur-32
336.21 TBq/matom

Phosphorus-33 25.6 days 0.249 5075.78 Ci/matom Sulfur-33
187.80 TBq/matom

Rubidium-86 18.6 days 1.774 6986.02 Ci/matom Strontium-86
258.48 TBq/matom

Sodium-22 2.6 years 0.546 136.92 Ci/matom Neon-22
5.07 TBq/matom

Sulfur-35 87.5 days 0.168 1485.03 Ci/matom Chlorine-35
54.95 TBq/matom

Tritium (hydrogen-3) 12.3 years 0.019 28.94 Ci/matom Helium-3
1.07 TBq/matom

* Electron capture is a radioactive transformation in which the nucleus absorbs an electron from an inner orbital.
† A milliatom (matom) is the atomic weight of the element in milligrams.

The half-life and beta energy values are taken from Radionuclide and Radiation Protection Handbook Vol. 98 No 1. 

(D. Delacroix et al.), Nuclear Technology Publishing, (2002).

The maximum specific activity (Smax) values (Ci/g) are calculated as follows:

Smax = 356 Ci/matom
T

where T is the half-life in years.

The following pages give more detailed information regarding the most commonly used radioisotopes.

Table 1  Physical properties of some radionuclides
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Properties, decay tables, and special
considerations
Iodine-125

Radioactive half-life T½: 59.9 d

Principal emission: 27 keV X-ray (114%)
31 keV X-ray (26%)
36 keV gamma ray (7%)

Monitoring for contamination: X-ray detector

Biological monitoring: Thyroid scans (scintillation detector)

20 mSv annual limit of intake 2.7 × 106 Bq (~ 73 µCi)
by inhalation: 

Dose rate from 1 MBq 3.9 × 10-4 mSv/h deep tissue dose
point source at 30 cm:

First half value layer: < 1 mm lead, < 1 mm steel

The data provided is general information that gives a basic understanding of radiation safety. You
must, however, consult your local radiation safety expert to ensure that you comply with all national 
regulations and local rules.

Special considerations

• Freezing or acidification of solutions containing iodide ions can lead to
formation of volatile elemental iodine.

• Active aerosols can be produced by opening a vial of high radioactive
concentration of iodine-125.

• Some iodo-compounds can penetrate surgical gloves, two pairs or polythene
alternatives are recommended.

• In the event of a suspected intake, the thyroid may be blocked by the
administration of potassium iodate or potassium iodide under appropriate
supervision.

• Spills of iodine-125 should be stabilized with alkaline sodium thiosulfate
solution before commencing decontamination. 

• Vials should be opened and used in ventilated enclosures.

• Always follow the ten golden rules (see page 7).
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days -9 -8 -7 -6 -5 -4 -3 -2 -1 0
1.110 1.097 1.084 1.072 1.060 1.047 1.035 1.023 1.012 1.000

days 1 2 3 4 5 6 7 8 9 10
0.988 0.977 0.966 0.955 0.944 0.933 0.922 0.912 0.901 0.891

days 11 12 13 14 15 16 17 18 19 20
0.881 0.870 0.860 0.850 0.841 0.831 0.821 0.812 0.803 0.793

days 21 22 23 24 25 26 27 28 29 30
0.784 0.775 0.766 0.758 0.749 0.740 0.732 0.723 0.715 0.707

days 31 32 33 34 35 36 37 38 39 40
0.699 0.691 0.683 0.675 0.667 0.659 0.652 0.644 0.637 0.630

days 41 42 43 44 45 46 47 48 49 50
0.622 0.615 0.608 0.601 0.594 0.587 0.581 0.574 0.567 0.561

days 51 52 53 54 55 56 57 58 59 60
0.554 0.548 0.542 0.535 0.529 0.523 0.517 0.511 0.505 0.499

days 61 62 63 64 65 66 67 68 69 70
0.494 0.488 0.482 0.477 0.471 0.466 0.461 0.455 0.450 0.445

days 71 72 73 74 75 76 77 78 79 80
0.440 0.435 0.430 0.425 0.420 0.415 0.410 0.406 0.401 0.396

days 81 82 83 84 85 86 87 88 89 90
0.392 0.387 0.383 0.378 0.374 0.370 0.365 0.361 0.357 0.353

days 91 92 93 94 95 96 97 98 99 100
0.349 0.345 0.341 0.337 0.333 0.329 0.326 0.322 0.318 0.314

Iodine-125 decay table
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Carbon-14

Radioactive half-life T½: 5730 years

Principal emission: 0.157 MeV beta (maximum)

Monitoring for contamination: Thin end-window beta detector

Biological monitoring: Urine samples or breath measurements
14CO2

20 mSv annual limit on intake 3.7 × 107 Bq (~ 0.92 µCi) 
by inhalation:

Shielding: 1-cm Perspex/Plexiglas. Thinner 
Perspex/Plexiglas down to 3 mm,
although adequate to reduce doses, does
not have good mechanical properties

The data provided is general information that gives a basic understanding of radiation safety. You
must, however, consult your local radiation safety expert to ensure that you comply with all national
regulations and local rules.

Special considerations

• Some organic compounds may be absorbed through surgical gloves.

• Avoid the generation of 14CO2 which could be inhaled.

• Always follow the ten golden rules (see page 7).
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Sulfur-35

Radioactive half-life T½: 87.5 d 

Principal emission: 0.168 MeV beta (maximum)

Monitoring for contamination: Thin end-window beta detector

Biological monitoring: Urine samples

20 mSv annual limit on intake 1.5 × 107 Bq (~ 0.4 µCi) 
by inhalation:

Shielding: 1-cm Perspex/Plexiglas. Thinner
Perspex/Plexiglas down to 3 mm, 
although adequate to reduce dose, does 
not have good mechanical properties

The data provided is general information, which gives a basic understanding of radiation safety. You
must, however, consult your local radiation safety expert to ensure that you comply with all national
regulations and local rules.

Special considerations

• Vials should be opened and used in ventilated enclosures.

• Avoid generation of sulfur dioxide or hydrogen sulfide which could be
inhaled.

• Radiolysis of 35S-labelled amino acids may lead to the production of labelled
volatiles which could contaminate internal surfaces and reaction vessels.

• Always follow the ten golden rules (see page 7).
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days -9 -8 -7 -6 -5 -4 -3 -2 -1 0
1.074 1.065 1.057 1.049 1.040 1.032 1.024 1.016 1.008 1.000

days 1 2 3 4 5 6 7 8 9 10
0.992 0.984 0.977 0.969 0.961 0.954 0.946 0.939 0.931 0.924

days 11 12 13 14 15 16 17 18 19 20
0.917 0.909 0.902 0.895 0.888 0.881 0.874 0.867 0.860 0.854

days 21 22 23 24 25 26 27 28 29 30
0.847 0.840 0.833 0.827 0.820 0.814 0.807 0.801 0.795 0.789

days 31 32 33 34 35 36 37 38 39 40
0.782 0.776 0.770 0.764 0.758 0.752 0.746 0.740 0.734 0.728

days 41 42 43 44 45 46 47 48 49 50
0.723 0.717 0.711 0.706 0.700 0.695 0.689 0.684 0.678 0.673

days 51 52 53 54 55 56 57 58 59 60
0.668 0.662 0.657 0.652 0.647 0.642 0.637 0.632 0.627 0.622

days 61 62 63 64 65 66 67 68 69 70
0.617 0.612 0.607 0.602 0.598 0.593 0.588 0.584 0.579 0.574

days 71 72 73 74 75 76 77 78 79 80
0.570 0.565 0.561 0.557 0.552 0.548 0.543 0.539 0.535 0.531

days 81 82 83 84 85 86 87 88 89 90
0.526 0.522 0.518 0.514 0.510 0.506 0.502 0.498 0.494 0.490

days 91 92 93 94 95 96 97 98 99 100
0.486 0.483 0.479 0.475 0.471 0.468 0.464 0.460 0.457 0.453

Sulfur-35 decay table
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Chromium-51

Radioactive half-life T½: 27.7 d

Principal emission: 0.32 MeV gamma ray (10%)
5 keV X-ray (20%) 

Monitoring for contamination: X-ray or γ detector

Biological monitoring: Whole body

20 mSv annual limit on intake 5.6 × 108 Bq (~ 15 mCi) 
by inhalation:

Dose rate from 1 MBq 6.04 × 10-5 mSv/h deep tissue dose
point source at 30 cm:

First half value layer: 2-mm lead, 21-mm steel

The data provided is general information that gives a basic understanding of radiation safety. You
must, however, consult your local radiation safety expert to ensure that you comply with all national
regulations and local rules.

Special considerations
In general, chromium-51 does not require any special precautions over and
above those necessary for any radionuclides of this energy of emission.

Chromium-51 decay table

days -9 -8 -7 -6 -5 -4 -3 -2 -1 0
1.284 1.253 1.222 1.191 1.162 1.133 1.105 1.078 1.051 1.025

days 1 2 3 4 5 6 7 8 9 10
0.975 0.951 0.928 0.905 0.882 0.861 0.839 0.819 0.798 0.779

days 11 12 13 14 15 16 17 18 19 20
0.759 0.741 0.722 0.705 0.687 0.670 0.654 0.637 0.622 0.606

days 21 22 23 24 25 26 27 28 29 30
0.591 0.577 0.562 0.549 0.535 0.522 0.509 0.496 0.484 0.472

days 31 32 33 34 35 36 37 38 39 40
0.460 0.449 0.438 0.427 0.417 0.406 0.396 0.386 0.377 0.368

days 41 42 43 44 45 46 47 48 49 50
0.359 0.350 0.341 0.333 0.324 0.316 0.309 0.301 0.293 0.286

days 51 52 53 54 55 56 57 58 59 60
0.279 0.272 0.266 0.259 0.253 0.246 0.240 0.234 0.229 0.223

days 61 62 63 64 65 66 67 68 69 70
0.217 0.212 0.207 0.202 0.197 0.192 0.187 0.182 0.178 0.174

days 71 72 73 74 75 76 77 78 79 80
0.169 0.165 0.161 0.157 0.153 0.149 0.146 0.142 0.139 0.135

days 81 82 83 84 85 86 87 88 89 90
0.132 0.129 0.125 0.122 0.119 0.116 0.113 0.111 0.108 0.105

days 91 92 93 94 95 96 97 98 99 100
0.103 0.100 0.098 0.095 0.093 0.091 0.088 0.086 0.084 0.082
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Phosphorus-32

Radioactive half-life T½: 14.3 d

Principal emission: 1.71 MeV beta (maximum)

Monitoring for contamination: Beta detector

Biological monitoring: Urine samples

20 mSv annual limit on intake 6.3 × 106 Bq (~ 0.17 mCi) 
by inhalation:

Dose rate from a 1 MBq point 0.118 mSv/h skin dose
source at 30 cm:

Shielding: 1-cm Perspex/Plexiglas cuts out betas and
minimizes production of bremsstrahlung

The data provided is general information that gives a basic understanding of radiation safety. You
must, however, consult your local radiation safety expert to ensure that you comply with all national
regulations and local rules.

Special considerations

• Lead shielding can be used to reduce the dose from bremsstrahlung.

• Always follow the ten golden rules (see page 7).

Phosphorus-32 decay table

days -9 -8 -7 -6 -5 -4 -3 -2 -1 0
1.547 1.474 1.404 1.337 1.274 1.214 1.156 1.102 1.050 1.000

days 1 2 3 4 5 6 7 8 9 10
0.953 0.908 0.865 0.824 0.785 0.748 0.712 0.679 0.647 0.616

days 11 12 13 14 15 16 17 18 19 20
0.587 0.559 0.533 0.507 0.483 0.461 0.439 0.418 0.398 0.379

days 21 22 23 24 25 26 27 28 29 30
0.361 0.344 0.328 0.313 0.298 0.284 0.270 0.257 0.245 0.234

days 31 32 33 34 35 36 37 38 39 40
0.223 0.212 0.202 0.192 0.183 0.175 0.166 0.159 0.151 0.144

days 41 42 43 44 45 46 47 48 49 50
0.137 0.131 0.124 0.119 0.113 0.108 0.103 0.098 0.093 0.089

days 51 52 53 54 55 56 57 58 59 60
0.084 0.080 0.077 0.073 0.070 0.066 0.063 0.060 0.057 0.055

days 61 62 63 64 65 66 67 68 69 70
0.052 0.050 0.047 0.045 0.043 0.041 0.039 0.037 0.035 0.034

days 71 72 73 74 75 76 77 78 79 80
0.032 0.031 0.029 0.028 0.026 0.025 0.024 0.023 0.022 0.021

days 81 82 83 84 85 86 87 88 89 90
0.020 0.019 0.018 0.017 0.016 0.015 0.015 0.014 0.013 0.013

days 91 92 93 94 95 96 97 98 99 100
0.012 0.012 0.011 0.011 0.010 0.010 0.009 0.009 0.008 0.008
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Phosphorus-33

Radioactive half-life T½: 25.6 d

Principal emission: 0.249 MeV beta (maximum)

Monitoring for contamination: Beta detector

Biological monitoring: Urine samples

20 mSv annual limit on intake 1.4 × 107 Bq (~ 0.37 mCi) 
by inhalation:

Shielding: 1-cm Perspex/Plexiglas cuts out betas.
Thinner Perspex/Plexiglas down to 3 mm,
although adequate to reduce dose, does
not have good mechanical properties.

The data provided is general information that gives a basic understanding of radiation safety. You
must, however, consult your local radiation safety expert to ensure that you comply with all national
regulations and local rules.

Special considerations

In general, phosphorus-33 does not require special precautions over and above
those necessary for any beta-emitting radionuclides of this energy of emission.

days -9 -8 -7 -6 -5 -4 -3 -2 -1 0
1.276 1.242 1.209 1.176 1.145 1.114 1.085 1.056 1.027 1.000

days 1 2 3 4 5 6 7 8 9 10
0.973 0.947 0.922 0.897 0.873 0.850 0.827 0.805 0.784 0.763

days 11 12 13 14 15 16 17 18 19 20
0.742 0.723 0.703 0.685 0.666 0.648 0.631 0.614 0.598 0.582

days 21 22 23 24 25 26 27 28 29 30
0.566 0.551 0.537 0.522 0.508 0.495 0.481 0.469 0.456 0.444

days 31 32 33 34 35 36 37 38 39 40
0.432 0.421 0.409 0.398 0.388 0.377 0.367 0.357 0.348 0.339

days 41 42 43 44 45 46 47 48 49 50
0.330 0.321 0.312 0.304 0.296 0.288 0.280 0.273 0.265 0.258

days 51 52 53 54 55 56 57 58 59 60
0.251 0.245 0.238 0.232 0.226 0.220 0.214 0.208 0.202 0.197

days 61 62 63 64 65 66 67 68 69 70
0.192 0.187 0.182 0.177 0.172 0.168 0.163 0.159 0.154 0.150

days 71 72 73 74 75 76 77 78 79 80
0.146 0.142 0.139 0.135 0.131 0.128 0.124 0.121 0.118 0.115

days 81 82 83 84 85 86 87 88 89 90
0.112 0.109 0.106 0.103 0.100 0.097 0.095 0.092 0.090 0.087

days 91 92 93 94 95 96 97 98 99 100
0.085 0.083 0.081 0.079 0.076 0.074 0.072 0.070 0.069 0.067

Phosphorus-33 decay table
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Calcium-45

Radioactive half-life T½: 163 d

Principal emissions: 0.257 MeV beta (maximum)

Monitoring for contamination: Beta detector

Biological monitoring: Urine samples

20 mSv annual limit on intake 7.4 × 106 Bq (~ 0.2 mCi) 
by inhalation:

Shielding: 1-cm Perspex/Plexiglas cuts out all betas

The data provided is general information that gives a basic understanding of radiation safety. You
must, however, consult your local radiation safety expert to ensure that you comply with all national
regulations and local rules.

Special considerations

In general, calcium-45 does not require any special precautions over and above
those necessary for any beta-emitting radionuclides of this energy of emission.
The majority of calcium-45 is deposited in the bone and is retained with a long
biological half-life.

days -9 -8 -7 -6 -5 -4 -3 -2 -1 0
1.039 1.035 1.030 1.026 1.021 1.017 1.013 1.009 1.004 1.000

days 1 2 3 4 5 6 7 8 9 10
0.996 0.992 0.987 0.983 0.979 0.975 0.971 0.967 0.962 0.958

days 11 12 13 14 15 16 17 18 19 20
0.954 0.950 0.946 0.942 0.938 0.934 0.930 0.926 0.922 0.918

days 21 22 23 24 25 26 27 28 29 30
0.915 0.911 0.907 0.903 0.899 0.895 0.892 0.888 0.884 0.880

days 31 32 33 34 35 36 37 38 39 40
0.877 0.873 0.869 0.865 0.862 0.858 0.854 0.851 0.847 0.844

days 41 42 43 44 45 46 47 48 49 50
0.840 0.836 0.833 0.829 0.826 0.822 0.819 0.815 0.812 0.808

days 51 52 53 54 55 56 57 58 59 60
0.805 0.802 0.798 0.795 0.791 0.788 0.785 0.781 0.778 0.775

days 61 62 63 64 65 66 67 68 69 70
0.772 0.768 0.765 0.762 0.759 0.755 0.752 0.749 0.746 0.743

days 71 72 73 74 75 76 77 78 79 80
0.739 0.736 0.733 0.730 0.727 0.724 0.721 0.718 0.715 0.712

days 81 82 83 84 85 86 87 88 89 90
0.709 0.706 0.703 0.700 0.697 0.694 0.691 0.688 0.685 0.682

days 91 92 93 94 95 96 97 98 99 100
0.679 0.676 0.673 0.671 0.668 0.665 0.662 0.659 0.656 0.654

Calcium-45 decay table
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Tritium 

Radioactive half-life T½: 12.3 years

Principal emission: 19 keV beta (maximum)

Monitoring for contamination: Swabs counted by liquid scintillation

Biological monitoring: Urine samples

20 mSv annual limit on intake 4.9 × 108 Bq (~ 13 mCi) 
by inhalation:

Shielding required: None

The data provided is general information that gives a basic understanding of radiation safety. You
must, however, consult your local radiation safety expert to ensure that you comply with all national
regulations and local rules.

Special considerations

• Due to its low beta-energy, tritium is difficult to monitor directly, and
therefore regular swabbing and counting of the work area is advisable.

• Tritium compounds can be absorbed readily through the skin.

• The biological half-life of ingested or absorbed radioactivity is dependent on
the chemical form in which the isotope is found and can vary from a few
days to several weeks, giving rise to different doses in affected personnel.

Should there be any evidence of contamination it is recommended that the
radiation protection adviser be consulted immediately. 

• Always follow the ten golden rules (see page 7).
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Handling solutions of radiochemicals
Due thought must also be given to the safe handling of solutions of
radiochemicals, as well as to the isotope itself and the properties of the solvent
in which it is dissolved. Users should check that the gloves they plan to use
offer satisfactory protection against splashes of the solvent.  Otherwise this
could lead to penetration of the radioisotope through the glove.  Glove
manufacturers provide data on the solvent resistance of the various types 
of gloves they supply, and such information is useful when handling
radioactive, as well as non-radioactive, substances in solution.   

Measurement of radioactivity
A number of methods are available for the accurate measurement of
radioactivity. The most important are:

Liquid scintillation counting
This is used for the measurement of beta-emitting nuclides (e.g. tritium,
sulfur-35, phosphorus-33, and carbon-14). The technique involves dissolving
the sample containing the radionuclide in a suitable scintillation solution and
use of a liquid scintillation counter. The solution (or "cocktail") normally consists
of an aromatic organic solvent containing a fluor* together with a detergent to
make the whole solution miscible when counting aqueous samples. The energy
of the emitted beta-particles is transferred, via the solvent, to the primary fluor
and sometimes to a secondary fluor which then emits energy as light photons.
These photons are detected using a photomultiplier.  Only a small proportion of
the available energy is liberated as light, the residue being dissipated as
vibrational and rotational energy in the solvent.

*A fluor is a compound that converts molecular excitation energy into light photons.

Gamma counting
The method most commonly used for the measurement of electromagnetic
radiation from gamma or X-ray emitting nuclides uses a solid scintillator. The
technique is based on the radiation being converted into light photons that are
then counted by a photomultiplier. No solvent is used. The radiation from the
sample (e.g. a 125I-labelled product) interacts directly with the solid scintillator,
usually a crystal of sodium iodide.
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Cerenkov counting
When beta particles are emitted they leave the nucleus at speeds approaching
that of light in vacuo. However, in the surrounding medium the speed of light is
slower than in vacuo and consequently the passage of the particles through the
medium causes shock waves from which light photons are emitted. This light
may be detected by a photomultiplier to give an indication of the radioactivity
present. For the light to be emitted in a solution the energy of the particles has
to be greater than a certain minimum energy, which is related to the refractive
indexes of the solvent. The minimum energy required to produce light in an
aqueous solution is 0.263 MeV. Consequently, only those radionuclides with
comparatively high-energy beta emissions, such as phosphorus-32, may be
counted by this method.

Quantitation of autoradiographs
Labelled polymer reference sources, in the form of calibrated radioactive
standards (Microscales) can be used in conjunction with autoradiography to
quantitate and check film responses.

Table 2. The radionuclides used in the quantitation of autoradiographs and
their appropriate Microscales

Isotope Product code
Carbon-14 RPA504, RPA504L, RPA511, RPA511L 

Tritium RPA506, RPA507, RPA510

Iodine-125 RPA522, RPA523, RPA523L

The spatial distribution of radiolabelled compounds within thin (10–25 µm)
sections of tissue can be detected by the blackening of the emulsion on films
adjacent to the specimen. On developing the film, the pattern of optical
densities within the resulting autoradiogram is proportional to the amount of
radioactivity, and these can be measured by comparison with the calibrated
radioactive scale, co-exposed with the sections of radiolabelled tissue. The
optical density values, within discrete regions of an autoradiographical image,
can be converted into molar quantities by interpolation from the standard curve
using the values from Microscales.
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SI unit of radioactivity
The Système international d’unitès (SI) 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 in
connection with radioactivity.

The SI unit of radioactivity is the becquerel (Bq).

1 Bq = 1 disintegration per second = 2.7 x 10-11 curies (Ci)

1 Ci = 3.7 x 1010 Bq = 37 GBq

therefore:

1 mCi = 3.7 x 107 Bq = 37 MBq

1 Ci = 3.7 x 1010 Bq = 37 GBq

Table 3. Relationships between SI units and non-SI units

Physical quantity SI unit Non-SI unit Relationship
Radioactivity becquerel (Bq) curie (Ci) 1 Bq = 2.70 × 10-11 Ci = 27 pCi

1 Bq = 1 dps 1 Bq = 1 dps
1 Ci = 3.7 × 1010 Bq = 37 GBq

Absorbed dose gray (Gy) rad 1 Gy = 100 rad
1 Gy = 1 J/kg 1 rad = 0.01 Gy = 10 mGy

Dose equivalent sievert (Sv) rem 1 Sv = 100 rem
1 Sv = 1 J/kg 1 rem= 0.01 Sv = 10 mSv

(= Absorbed dose × quality factor† for radiation)

Exposure coulomb/kilogram roentgen (R) 1 C/kg= 3876 R
(C/kg) 1R = 2.58 × 10-4 C/kg

†For radiation protection purposes, the ICRP recommends the following values (see Table 4)
of effective quality factor: (the higher the factor, the more damaging the radiation)

Table 4. ICRP recommended quality factor values

Radiation Quality factor
Beta particles, electrons, gamma radiation, X-rays, bremsstrahlung 1

Neutrons 10

Alpha particles 20
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Table 5. Common prefixes for SI units

Submultiples Multiples
10-3 milli m 103 kilo k
10-6 micro µ 106 mega M
10-9 nano n 109 giga G
10-12 pico p 1012 tera T

Table 6. Becquerel/curie conversion chart

µCi kBq µCi MBq
mCi MBq mCi GBq
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 90 3.33
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
10 370 700 25.9
12 444 750 27.75

15 555 800 29.6
20 740 900 33.3
25 925 1000 37

Examples

0.2 µCi = 7.4 kBq 50 µCi = 1.85 MBq
5 mCi = 185 MBq 200 mCi = 7.4 GBq
20 Ci = 740 GBq 1000 Ci = 37 TBq



Specific activity
The specific activity of a labelled compound is a measure of the radioactivity
per unit mass, and is commonly expressed in terms of µCi/mg, mCi/mg,
Ci/mmol, or Bq/mmol. When there is sufficient mass of a radiolabelled
compound for a small sample to be accurately weighed and counted by liquid
scintillation counting, the specific activity is calculated (e.g. µCi/mg). The
conversion from µCi/mg to mCi/mmol is simply carried out by multiplying by the
molecular weight and dividing by 1000. When the specific activity is greater
than 1 Ci/mmol, there is often insufficient material present to be weighed. In
such cases the specific activity may be calculated by relating the radioactive
concentration (determined by liquid scintillation counting) to the chemical
concentration, and then converting the figure obtained to Ci/mmol (Bq/mmol).
The chemical concentration is commonly determined by UV spectroscopy, or
an appropriate colorimetric method (comparing color density of the unknown
strength solution with that of a range of known strengths). 

When the degree of labelling exceeds 10% at one or more positions, mass
spectrometry can be used. This is very frequently the method of choice for
carbon-14 and tritium-labelled compounds.

Typical values of specific activities are:

1.85–2.22 GBq/mmol, 50–60 mCi/mmol for carbon-14 compounds

1.1–3.7 TBq/mmol, 30–100 Ci/mmol for tritium compounds

~ 74 TBq/mmol, ~ 2000 Ci/mmol for iodine-125 compounds.

~ 111–222 TBq, ~ 3000–6000 Ci/mmol for phosphorus-32 compounds 

~ 55.5–9.25 TBq, ~ 1500–2500 Ci/mmol for phosphorus-33 compounds

~ 37 TBq, ~ 1000 Ci/mmol for sulfur-35 compounds

26
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Specific activity required for tracer experiments
The specific activity of a labelled compound required for a tracer experiment is
normally determined by the application. 

Carbon-14 labelled compounds of specific activities 0.37–2.2 GBq/mmol,
10–60 mCi/mmol are used for many ADME* studies.

Tritium labelled compounds of specific activities 0.37–3.15 TBq/mmol,
10–85 Ci/mmol, and iodine-125 labelled compounds of specific activities
11.1–74 TBq/mmol, 300–2000 Ci/mmol are commonly used for
radioimmunoassays and protein-binding studies

Sulfur-35 is used to label the most commonly used amino acids in protein
biosynthesis studies to specific activities of > 37 TBq/mmol, 1000 Ci/mmol,
although products with lower specific activities are available.

Phosphorus-33 labelled nucleotides are employed in nucleic acid labelling
procedures related to DNA sequencing and in situ hybridization. Specific
activities of ~ 92.5 TBq/mmol, 2500 Ci/mmol are common.

Phosphorus-32 labelled nucleotides are employed in nucleic acid labelling
procedures and have specific activities between 0.11–222 TBq/mmol, 
3–6000 Ci/mmol, depending on the application.

On occasions, the actual specific activity of a given batch of a particular
product may vary from the specific activity range quoted in the catalog. If this
variation is greater than ± 10% of the quoted catalog range the batch of
material will not be released for sale without prior notification to the customer.

For the most up-to-date specific activity ranges, please refer to our Web catalog
at www.radiochemicals.com

*ADME = adsorption, distribution, metabolism, excretion (elimination).
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Relationship between specific activity, radioactive
concentration, and chemical concentration for radiochemicals.
There are several ways to relate these features of a radiochemical: 
Some applications may require a lower specific activity than that of the
commercially available radiolabelled compound. 

Specific activity (mCi/mg) = amount of radioactivity [mCi]

weight of compound [mg]

Molar specific activity (mCi/mmol) = radioactivity [mCi]

weight of compound [mg]

× molecular weight (MW) of the compound.

For a solution of a radiochemical:

Chemical concentration (mmol/ml) = radioactive concentration* (mCi/ml)

molar specific activity (mCi/mmol)

Molar specific activity (mCi/mmol) = radioactive concentration (mCi/ml)

chemical concentration (mmol/ml)

Radioactive concentration (mCi/ml) = radioactivity (mCi)

volume (ml)

*Radioactive concentration is the activity per unit volume of solvent in which the
radionuclide or radiochemical is dissolved (e.g. 37 MBq/ml [1 mCi/ml]). It should
not be confused with molar specific activity, which relates to the radioactive solute
in the solution.

As an example, thymidine has a MW of ~ 242.   
For 14C-labelled thymidine at 60 mCi/mmol, a 250 µCi vial will contain:

0.25 [mCi]

60 [molar SA, mCi/mmol]

× 242 mg

= 1 mg.

Contrast this with a 3H-labelled thymidine at 60 Ci/mmol, where a 250 µCi vial will
contain only:

= 0.25 [mCi]

60 000 [molar SA, mCi/mmol]

× 242

= 0.001 mg = 1 µg. 

Note: These calculations are approximate, since the molecular weight of the labelled thymidine is taken 
as 242, rather than using the actual figure of 244 for the 14C-labelled thymidine (242 + 2) or 246 for 
the 3H-labelled thymidine (242 + 4) where the effect of the respective isotope is included. 

( )

( )

( )
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Dilution to a lower specific activity
Reduction of the specific activity is carried out by addition of a calculated
weight (normally in solution) of the unlabelled (carrier) compound. The amount
of carrier compound to be added can be calculated from the expression:

If the compound supplied is a non-volatile solid, it should be dissolved in a
purified solvent and a standard solution of carrier should be prepared in the
same solvent.

If the compound supplied is already in solution, the standard carrier solution 
is then added to the radioactive solution and mixed thoroughly before use.

Example: 
To reduce the specific activity of 185 MBq, (5 mCi) of tritiated thymidine from
1.11 TBq/mmol, 30 Ci/mmol to 37 GBq/mmol, 1 Ci/mmol.

W = 242 × 5 (1/1000 – 1/30 000)

= 1.17 mg of unlabelled thymidine to add. 

Consider that 185 MBq (5 mCi) of the above compound has been supplied in
5 ml of solution. Make up a standard solution of unlabelled thymidine by
dissolving, for example, 20 mg (accurately weighed) in 10 ml of water (sterile
and pyrogen free if necessary). Then add 0.585 ml of this standard solution
(equivalent to 1.17 mg of carrier) to the solution of the radioactive thymidine.
The specific activity of the thymidine will now be reduced to 37 GBq/mmol
(1 Ci/mmol). Note however, that the radioactive concentration is changed from
37 MBq/ml (1 mCi/ml) to 33 MBq/ml (0.9 mCi/ml) because the solution volume
has risen from 5 ml to 5.585 ml.
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Radiochemicals that are gases or volatile liquids at room temperature are normally
diluted with carrier using special equipment such as a calibrated vacuum manifold
system. Unless such equipment is readily available, it is advisable to obtain these
radiochemicals already diluted to the specific activity needed for the experiment.

To minimize the rate of self-radiolysis of radiochemicals, they should be stored
at the lowest molar specific activity consistent with experimental requirements
(see also the storage information on page 45).

Nomenclature
Amersham Biosciences employs the ‘square-brackets-preceding’ nomenclature
system used by the Chemical Society, the American Chemical Society, and
most biochemical journals.

The symbol for the isotope is placed in square brackets and immediately
precedes that part of the name to which it refers.

Examples are:
L-3-Phosphatidyl[N-methyl-14C]choline,1,2-dipalmitoyl
L-3-Phosphatidylcholine, 1,2-di[1-14C]palmitoyl

Arabic numerals, Greek letters, and prefixes placed within the square bracket
are used to indicate the position of isotopic labelling.

Examples are:
[8-14C]Adenosine 5'-triphosphate
Adenosine 5'-[γ-32P]triphosphate
[adenine-U-14C]Adenosine 5'-triphosphate

Uniform labelling
The symbol U is used with carbon-14 compounds to denote labelling that is
distributed with statistical uniformity in either all carbon atoms in the structure
or in those parts which are labelled.

Examples are:

L-[U-14C]Phenylalanine: Produced biochemically from 14CO2 as the only source
of carbon-14.

OOH
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L-[ ring-U-14C]Phenylalanine: Made chemically over several steps from
[U-14C]Benzene.

The position of carbon-14 is indicated by l

General labelling

The symbol G is used for a number of tritium-labelled compounds in which the
labelling is distributed generally, but not necessarily uniformly, over the
molecule (e.g. [G-3H]Benzo[a]pyrene, which is prepared by an exchange
procedure).

Tritium nuclear magnetic resonance spectroscopy (tritium-NMR) is used to
verify experimentally, in a non-destructive way, the distribution of the tritium
label within the compound. The tritium-NMR results for generally labelled
Benzo[a]pyrene (TRK662), prepared by platinum catalyzed exchange in 70%
acetic acid containing tritiated water, are interesting in that they show that the
sterically hindered 10- and 11-positions are only weakly labelled (~ 4% of
tritium in each position). Although batch-to-batch variation may occur, there is
usually greater than 10% of the tritium label in positions 4, 6, 9, and 12.
Labelling in the remaining positions is about equal.

OOH
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Specific labelling
Specific labelling denotes labelling confined to defined positions within the
molecule (e.g. 1,2,6,7-3H]Testosterone and [4-14C]Testosterone).

The symbol (n) is used to designate nominal positions of labelling, that is, the
positions where tritium atoms are expected to be located based upon the
method of preparation*.  Where more than 95% of the tritium label has been
verified (normally by tritium-NMR) as being at designated positions the (n) is
dropped.

A position of labelling is included if 15% or more of the tritium is located in that
position. Where more than one positon of labelling is specified, equal
distribution of the label is not implied. The evidence on patterns of labelling
obtained by chemical degradations can be misleading and requires critical
examination. However, tritium-NMR is non-destructive and gives unequivocal
labelling pattern information.

*The labelling process for many compounds involves the use of a metal transfer catalyst and tritium

gas. This can cause exchange labelling at other C-H positions in addition to the expected labelling

position(s). Tritium-NMR can be used to check the actual positions labelled and the % labelling at

each position.  
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Purity of radiochemicals

Radiochemical purity
The radiochemical purity (RCP) of a compound is defined as the percentage of
the total radioactivity present in the specified chemical form. The methods of
analysis used to assess radiochemical purity include high-performance liquid,
paper and thin-layer chromatography, gas-liquid and column chromatography,
electrophoresis, and enzymatic degradation. The techniques and
chromatographic systems used are designed to separate likely impurities
formed in the synthesis, as well as by decomposition, and are based on
Amersham Biosciences' many years of experience in the analysis and storage
of radiochemicals.

All of our labelled compounds are synthesized, analyzed and stored to ensure
that the user receives only material of high RCP. Many compounds are
supplied at greater than 98% RCP and materials for special use (e.g. labelled
substrates for the assay of enzymes) will normally have an initial RCP of greater
than 99%. For unstable compounds, or those labelled with isotopes of short
half-life, the aim is to supply compounds at the highest possible RCP and
certainly greater than 90%.

Chiral chromatography is often used to determine the optical purity of amino
acids and other chiral compounds.

Fig 1. Analytical HPLC chromatogram

of L-[4,5-3H]Leucine (TRK510).

RCP = 99.5% ± 0.5 to 95% confidence.

Fig 2. Analytical HPLC chromatogram of

R-(+)-7-Hydroxy-[3H]DPAT (TRK1001)

active with active racemate.
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Chemical purity
Purification processes that provide compounds of high radiochemical purity
tend also to give products of high chemical purity, although this is far more
difficult to quantitate, particularly for compounds at high specific activity
because they are often present at very low chemical concentration in solution.
With some biochemical studies, chemical impurities may act as enzyme
inhibitors and may also adversely affect the stability of the radioactive
compounds. Therefore it is even more important to supply these compounds at
a high level of chemical purity. This is achieved by recrystallizing the compound
following the chromatographic separation. This is only applicable to compounds
of low specific activity that are present in sufficient weight for crystallization to
be effective (e.g. it is much more common with carbon-14 compounds than for
those labelled with other isotopes). Chemical purity is determined by ultra-violet
or infrared spectrophotometry, proton-NMR, mass spectrometry, or by
quantitative gas-liquid and high-performance liquid chromatographic
procedures, as appropriate. For compounds supplied as solids further proof of
chemical identity may be obtained from the melting point or titration, and for
liquids the refractive index may be used.

Biological purity
Biological assays are performance indicators designed to complement the
analytical techniques used to determine RCP. Biological testing provides a
measure of the suitability of radiochemicals for use in certain biological systems
and gives an indication of the absence of possible inhibitors and of the
acceptability of blank values. Such tests of biological suitability are carried out
routinely on batches of certain products (e.g. α-32P-labelled deoxynucleotides
and 35S-labelled amino acids).

Such compounds may be tested for incorporation into DNA using a nick
translation reaction or a random-priming reaction. Amino acids labelled with
carbon-14, tritium, or sulfur-35 may be tested for incorporation into protein
using a standardized lysate system. These tests are in addition to
chromatographic or other analyses normally carried out on the products.

Suitability for injection
The labelled compounds supplied by Amersham Biosciences are, unless
otherwise specified, for research purposes only.  Many solutions are supplied
sterilized in order to minimize microbiological decomposition on storage, but are
not recommended or intended for diagnosis of disease in humans or animals.
They should not be used internally or externally in humans.
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Packaging
The vast majority of radiochemicals are available from stock, ready for
immediate dispatch. It is recommended that all radioactive shipments are
opened and checked as soon as possible after receipt to ensure that the
product is stored at the appropriate temperature and with the recommended
shielding (if appropriate).

Total activity supplied
Solutions of Amersham Biosciences’ radiolabelled compounds are generally
dispensed at low concentrations (e.g. microgram levels per milliliter). To
counteract losses due to adsorption of the compound onto the walls of the
container; radiolabelled compounds are routinely over-dispensed by 5–10%.
This also ensures that the quantity ordered is available for use.

Documentation
Most consignments of radiolabelled compounds (e.g. 14C, 3H, 125I, 32P, 33P, 35S) 
are accompanied by a product specification sheet. This gives essential technical
information on the preparative method, molar specific activity, radiochemical
and chemical purity, specificity of labelling, decomposition rate under defined
storage conditions, and the likely impurities present in the material. (Due to the
nature of radiolytic decomposition it is not possible to identify all impurities as
they do not exist in the non-radioactive material.) Safety warnings and handling
precautions are also provided for each product supplied.

Types of packaging
Labelled compounds are supplied by Amersham Biosciences in glass ampoules
or vials. Each packaging system used reflects the characteristics of the different
isotope, providing safety during shipment and storage while also ensuring the
maximum stability of the compounds. The following vials and ampoules are
used extensively and can be opened easily and safely using recommended
procedures.

1. The duoseal and dimple vial (type P11 and P87)

The primary seal provides security against leakage during transit and comprises
a Teflon-faced rubber disk secured by a crimped metal overseal. The product
in solution may be removed directly, either in whole or in part, through the disk
using a syringe with a standard 50-mm needle (sterilized, if necessary).
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Alternatively, the overseal and disk may be removed and aliquots withdrawn
with a pipette. The vial may be re-closed using the screw cap, which
incorporates its own Teflon-faced rubber disk.

Fig 3. Schematic of the duoseal and dimple vials.

Note: When removing toluene-containing solutions the crimped metal seal and the
associated rubber disk must be completely removed. The vial may be re-closed,
if necessary, with the screw cap, which contains a Teflon-faced rubber disk.
Most 125I-labelled compounds are now supplied in vials with a modified cap,
eliminating the requirement for a crimped, metal overseal.

2. The peel-seal vial (type P17)
The inert-coated aluminum foil is non-porous to gaseous compounds. Removal
of the aluminum seal allows access to the product in the vial. When the cap is
replaced the Teflon-faced rubber disk in the screw cap becomes the new seal.

Fig 4. Schematic of the peel-seal vial (type P17).
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3. Amersham Biosciences’ microvial (type P15)

Fig 5. Schematic of Amersham Biosciences’ microvial (type P15).

This vial is used for the supply of sodium [125I]iodide and sodium [131I]iodide solutions.

The packaging consists of two parts: an outer container of blue plastic with a steel
tube molded inside to minimize exposure to radiation, and an inner plastic vial
fitted with a conical glass insert which contains the radioactive solution. The cap
of the vial has a specially coated rubber seal and is tightened pneumatically
to a predetermined torque to provide an efficient seal. To achieve maximum
benefit from the additional shielding it is recommended that iodination reactions
are carried out in the conical vial without removing it from the outer container.
Before opening the vial it is recommended that the container is centrifuged to bring
all the liquid into the bottom of the cone. When using small capacity centrifuges
it may be necessary to remove the capped vial from the plastic container.

Opening the vial
1. Unscrew the outer blue cap, invert it and push it onto the vial cap (Fig 5a).

2. Twist the blue cap anti-clockwise while pushing down to lock the vial 
onto the lug in the base of the container (Fig 5b).

3. Lift away the vial cap in the blue top. The vial is now ready for use in 
an iodination reaction. If necessary the vial can be removed from the outer
container by lifting it out directly with forceps or tongs (Fig 5b).

Removing the capped vial from the outer container
The vial with its cap still in place can be lifted free of the outer container by
pushing the inverted blue top onto the vial cap, twisting clockwise and lifting.
Forceps or tongs can then be used to separate the vial from the blue top (Fig 5c).
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Table 7. Summary of duoseal, dimple, peel-seal vials (type P11, P15 microvial,
P17, and P87) 

P11 P15 microvial P17 P87 

Vial Borosilicate glass Plastic Borosilicate glass Borosilicate glass 
(Dimple)

Seal Duoseal Rubber seal in Aluminum peel seal Duoseal 
Teflon-faced rubber  screw cap Teflon-faced rubber
disk, crimped disk, crimped
metal overseal metal overseal

Insert None Glass conical Polypropylene conical None

Volume ~ 7.0 ml 350 µl ~ 1.2 ml ~ 5.5 ml 

Product Sodium [35S]sulfate Iodine-125 [35S]DNA D-[U-14C]Glucose 
example (SJ162) (IMS30) Molecular Weight (CFB96) 

Markers (SJ5000)

4. The Customer Designed Container
The Customer Designed Container (CDC) has been specifically designed to
provide optimum safety and convenience. It achieves this by providing full
secondary containment during shipping and, consequently, a secure outer
container in the laboratory.

CDCs are color-coded depending on the isotope with which the product within
the inner vial is labelled.

Fig 6. Schematic of the Customer Designed Container.
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5. Amersham Biosciences’ Redivial

Fig 7. Illustration of the Redivial. Fig 8. Components of the Redivial

and Customer Designed Container (CDC).

This vial is used for all 32P- and 33P-labelled nucleotides with a radioactive
concentration of 74 MBq/ml (2 mCi/ml) or greater. Redivue 32P- and 33P-
labelled nucleotides shipped at ambient temperature are supplied in the
Redivial with a splashguard. Ambient shipment of nucleotides demands a
secure vial design to ensure that the contents of the vial are not distributed 
over the inside surface of the whole vial during transit. The splashguard (if
fitted*) covers the bottom of the v-insert, ensuring that the radioactive solution
remains in the enclosed space, so minimizing contamination of the inner
surfaces of the vial and cap during ambient shipment. 

*Standard 32P- and 33P-labelled nucleotides shipped on dry ice do not require 
a splashguard. 

Opening the vial and removing the splashguard
The vial base contains a recess that fits on a projection located in the bottom
half of the outer container, which prevents the vial from turning. The cap is
unscrewed by turning it anti-clockwise while the vial remains secured on the
projection and within the shielding. 

The one-use disposable splashguard (if fitted) is easily removed using a
laboratory pipette and tip: typically ~ 1 µl adheres to the surface of the guard
and is disposed of as radioactive waste.

CDC lid

CDC base

Vial

Vial cap

Splashguard



40

6. The break-seal ampoule (type P1) 

Fig 9. Schematic of the break-seal ampoule.

Radioactive compounds that are gases or volatile liquids at room temperature
are normally supplied in borosilicate glass break-seal ampoules, type P1, which
are sealed under vacuum. Many compounds are present only in the vapor
phase, so that the ampoule may appear to be empty. These ampoules can be
attached to a vacuum manifold system, in which the contents are transferred to
a receiving vessel following breakage of the seal by a previously inserted
magnetic hammer (see Method B). If the ampoule contents are intended to be
diluted with a liquid carrier or converted into a solution at room temperature, it
is not always necessary to use a vacuum transfer system so a simpler method
(Method A) may be employed. Method B is recommended in preference to
Method A where loss of expensive materials during transfer may be significant.

Methods of opening P1 ampoules

Method A: dilution or dissolution of ampoule contents
1. Support the ampoule vertically in a clamp, after carefully introducing a

magnetic hammer (approximately 6-mm diameter) so that it rests on 
the hook of the break-seal. If the solvent used is likely to react with iron 
the hammer should be glass-covered or PTFE coated.

2. Place the solvent (or solution) in the space above the break-seal and 
close the tube by means of a ground-glass cap. Note that there must 
be enough solvent to cover the top of the hook, and that not all the 
solvent will pass into the ampoule.

3. Using a magnet, raise the hammer about 5–10 cm above the break-seal, 
remove the magnet and allow the hammer to fall and break the seal. The
solution passes quickly into the ampoule since it is normally under reduced
pressure. Leave for at least 15 min to allow the mixture to equilibrate.

4. Make a scratch mark around the ampoule just below the level of the break-
seal, using a glass cutting knife or sharp file. Hold a heated (red-hot) glass 
rod against the scratch mark until a crack develops along the mark. The 
ampoule is then easily opened.

Note: Care is needed in this final stage if flammable solvents are involved.
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Method B: transfer under vacuum
1. Carefully introduce a magnetic hammer (a soft iron cylinder approximately 

6-mm diameter, 20-mm long) into the adapter so that it rests on the glass 
hook of the seal. If the ampoule contents are likely to react with iron then 
the hammer should be glass-covered, or a PTFE-covered stirrer-bar can 
be used (see Fig 10).

2. Attach the ampoule to the vacuum line via the ground glass joint.

3. Cool the contents of the ampoule by placing the ampoule in a Dewar flask 
containing solid CO2 , liquid nitrogen, or some other suitable refrigerant. 
Open stopcocks to remove air and moisture from the system. Close them 
after a hard vacuum is obtained and test the system for leaks.

4. Cool the receiver by insertion into a Dewar flask containing a refrigerant 
and remove the cold bath from around the ampoule.

5. Using a magnet, raise the hammer about 5–10 cm above the break-seal 
then remove the magnet, thus allowing the hammer to fall and break the seal.

6. Open the stopcocks above the receiver and above the ampoule to allow 
the ampoule contents to distil rapidly into the receiver. For efficient transfer 
of the material, it is most important to maintain good vacuum conditions. 
The transfer of material may be facilitated by warming the ampoule (e.g. with
a hair-dryer). Some low boiling gases, such as methane or carbon monoxide,
require the use of a Toepler (or similar) pump for complete transfer.

7. Close the stopcock above the receiver.

Fig 10. Breaking the seal in a break-seal ampoule using a magnetizable hammer.
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7. Sealed glass ampoules (types P2, P2A, P2B, and P5)
A number of radiochemicals in the form of freeze-dried solids, weighed solids
or non-volatile liquids, and compounds dissolved in certain organic solvents are
supplied in Pyrex glass ampoules sealed under vacuum or inert gas.

1. Hold the ampoule vertically with the neck up, and gently tap the ampoule 
until the contents are in the rounded (bottom) end. If the product is liquid 
or in solution, gentle centrifuging (500–1000 rpm) for a few minutes will 
ensure that the contents are at the lower end of the ampoule. If the
compound has a high vapor pressure, cooling the end of the ampoule in a
refrigerant will minimize loss on opening, but care must be taken for moisture-
sensitive compounds to ensure that no moisture enters the ampoule when opened.

2. Scratch the serration with a sharp file or glass-cutting knife.

3. Snap off the neck of the ampoule at the serration. Take care to avoid 
scattering the contents of ampoules sealed under vacuum.

4. Take care to avoid shaving small pieces from the plastic cap (provided for 
resealing P2 ampoules) with any sharp edges on the ampoule, as these 
may drop into the ampoule.

Note: Once an ampoule has been opened, the radiochemical is no longer being
stored under optimum conditions and the rate of decomposition may increase.
If possible, the air in the ampoule should be replaced by nitrogen before closing
it. Care must be taken to prevent loss of the protecting solvent by evaporation
from opened ampoules; the plastic cap is porous and solvents can evaporate
through it over a period of a few days, especially at room temperature.

Fig 11. Dimensions of sealed glass ampoules (P2, P2A, P2B, and P5).
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Recovery of non-volatile radiochemicals
from solution
Non-volatile radiochemicals supplied in a solvent, such as toluene, aqueous
ethanol, or ethanol, can be transferred to a suitable vessel and recovered by
passing a gentle stream of dry nitrogen over the surface of the solution while
the vessel is warmed in a water bath at 30–35 °C.  The last traces of solvent
may be removed under reduced pressure. 

Freeze-drying techniques can also be used for radiochemicals supplied in
aqueous solutions, and are essential for compounds that are sensitive to
chemical decomposition by heat or oxygen. However it should be noted that
many compounds, particularly those labelled with tritium, will be less stable in
the solid state and should be dissolved immediately in the recommended
solvent if further storage is intended. Alternatively, an aliquot of the
radiochemical in solution can be taken and the solvent changed, leaving the
remainder of the product in the recommended solvent in which it was supplied.

Fig 12. Removal of solvent from a non-volatile radiochemical using dry nitrogen.
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Storage and stability of radiochemicals
The vast majority of radiolabelled compounds supplied by Amersham
Biosciences are analyzed by HPLC, which provides a more accurate and
discriminating measurement of radiochemical purity than other techniques. 
The stability of each radiochemical is constantly under review to ensure that
only the highest quality material is available.

For products that have higher rates of decomposition, batches are produced
more frequently to ensure that only material of the highest purity is in stock.
Alternatively such products may be supplied in special formulations and at
lower temperatures designed to minimize their decomposition rates.

Rates of decomposition
Chemical decomposition occurs as a natural process in all compounds during
storage. However, this type of decomposition may be accelerated by free radicals,
which are formed as a result of the energy released in radioactive decay.
Consequently the decomposition rate of a radiolabelled compound will be
determined by a combination of chemical and radiolytic decomposition processes.
The observed decomposition rates of radiochemicals due to self-irradation
during storage is more pronounced with compounds of high molar specific
activity but measures are taken to minimize these effects.

Recommended conditions for storage of each compound are given in the
product specification sheet, together with an estimate of the rate of observed
decomposition under the conditions specified. It must be emphasized that the
value given relates only to the compound as it is supplied and when it is stored
under the recommended conditions. Even slight deviations from these conditions
may result in more rapid decomposition. In general, compounds should be
stored at low temperatures and in the dark. Solutions should be stored unfrozen
at 1 mCi (37 MBq)/ml or below. When instability dictates that solutions of
compounds must be stored frozen, it is wise to avoid freeze-thaw cycles.

Stocks of radiolabelled compounds are stored prior to shipment under
conditions designed for maximum stability. The temperature of storage depends
on the particular compound being stored, typical values being + 20 °C (room
temperature), + 2 to + 4 °C (refrigerator temperature), - 20 °C (freezer
temperature), - 80 °C (dry ice or - 80 °C freezer), and approximately - 140 °C 
(the vapor above liquid nitrogen).

Avoiding microbial contamination
Many radiochemicals (e.g. carbohydrates and amino acids) are excellent
substrates for microbial growth. To minimize loss by such action, aqueous
solutions of radiochemicals are sterilized by filtration before dispensing. Clean
working procedures should be employed to reduce the risk of microbial
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contamination once the vial has been opened. It is recommended that any 
syringe used to remove material from a multi-dose vial is sterilized, particularly 
if it is intended to remove aliquots over a protracted period of time.

Tritium-labelled compounds in aqueous solution
Aqueous solutions of tritiated compounds should ideally not be stored frozen
because concentration of the radioactive compound by slow freezing (molecular
clustering) may accelerate the rate of self-radiolysis. This is thought to result from
the short penetrating power of the electron from tritium decay, which causes
damage in a localized volume. If aqueous solutions must be stored frozen it is
advisable to freeze them rapidly (e.g. in a dry ice bath) then store at -20 °C. 

General storage practices
The following general practices are intended as a guide but do not supersede
the recommendations given in the product specification sheet accompanying
each consignment since this contains the most up-to-date and relevant
information.

• Store at the lowest molar specific activity required for the use of the compound.

• Disperse solids as much as possible and store them in a dry atmosphere:
sealing under vacuum or an inert gas is usually desirable and a number 
of compounds are supplied sealed in this way.

• Compounds at high specific activities should be stored in ethanol at 1 mCi
(37 MBq)/ml at - 20 °C or below, subject to chemical compatibility with ethanol.

• For many compounds of biochemical interest, which are insoluble in aromatic
solvents and for which aqueous solutions must be used, 2–10% ethanol should
be added to scavenge free radicals. Many of  our compounds are supplied in
aqueous solutions containing 2 or 3% ethanol as a radical scavenger.

• Keep the solution in the dark and add a bacteriostat or antioxidant 
where appropriate.

• The recommended storage temperature will be provided in the pack 
leaflet supplied with the product.

• It is recommended that compounds are re-analyzed immediately before use.

• Where a compound is to be used in aliquots over a period of time it is advisable
to subdivide it upon receipt, or to request subdivision before shipment.

IMPORTANT:

• Vials containing radiochemicals must never be stored by immersion in liquid
nitrogen because this could lead to trapping of liquid nitrogen in the vial or
outer container causing a build up of pressure when the temperature rises.

• Radiochemicals should not be stored or handled in bright sunlight as this
may accelerate decomposition.
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Applications of radiochemicals
Radiochemicals are widely used in research and assay applications. Certain
radionuclides have specific properties, which make them especially suited to
particular applications. 

Radiotracers
A radiotracer is a labelled compound that is used to follow a particular component
through a biochemical transformation or a chemical reaction. The radionuclide
used should ideally form part of the compound's molecular skeleton and,
unless conversion to the metabolic product(s) is very low, molar specific activity
need not be high. Of the elements present in pharmaceutical compounds, only
carbon in the form of carbon-14, provides a suitable radioisotope and it has
had this status for many years. Early ADME work can be carried out using
tritium, but for a full study, this is always followed up using carbon-14.

Radiotracers can be used to investigate the distribution of a compound and its
degradation products in animal tissue. Measurement is either by liquid
scintillation counting of dissected samples or qualitative and/or quantitative
whole-body autoradiography (QWBAR). The latter method allows the levels of
radioactivity in the tissue to be estimated independent of the size, localization
and structure of the tissue samples analyzed.

Structural studies on macroscopic and microscopic biological materials can be
carried out by incorporation of a suitable radiotracer precursor followed by
autoradiography (e.g.  the localization of receptor sites on cell surfaces by the
attachment of radiolabelled steroids). In this application, the energy, and hence
the range, of the beta-emission should be low to provide optimal resolution and,
because in many cases only small quantities of material are incorporated,
specific activities need to be high. Therefore tritium is the preferred nuclide, but
iodine-125 is also used.  Tritium is sometimes preferred because it is a natural
isotope, having virtually the same chemistry and size as hydrogen, whereas
iodine is often a foreign element. 

Investigation of the structures of biological polymers such as proteins and
nucleic acids may be carried out by incorporation of radiochemicals into the
growing polymer.  For this application the radiochemical should have the highest
specific activity possible. Tritium, phosphorus-32, and phosphorus-33 are the
isotopes of choice for studies on RNA and DNA: phosphorus-32 is particularly
useful when only very small quantities of material are available for study.

Tritiated amino acids of high specific activity are used for protein structure
investigations. Proteins that incorporate sulfur-containing amino acids may be
studied using very high specific activity L-[35S]Methionine or L-[35S]Cysteine. 
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Enzymatic studies
The activity of enzymes may be assayed either by following the rate of
disappearance of a labelled substrate or the rate of appearance of a labelled
product. 32P- and 33P-labelled radiochemicals are readily available and are
widely used for enzymatic studies. High specific activity is not essential for this
type of study, but high radiochemical and biological purity of the substrate are
vital (see page 33).

Fig 13. ERK-1, from hamster cell pellet (Biosignal), generated with the recommended

protocol for Serine/Threonine Protein Kinase SPA [33P] Enzyme Assay (RPNQ0200).

Assay of biological compounds
Iodine-125 and tritium are the radionuclides most commonly used in these
assay procedures. Although iodine does not occur naturally in many biological
compounds, it can be bound to suitable substrates (ligands) to give products
with similar antibody binding responses to those of the unlabelled compounds
to be measured.

The radioimmunoassay is carried out by incubating fixed amounts of tracer
ligand and antibody with varying known concentrations of standard unlabelled
ligand. The percentage bound is plotted against standard concentration and
any unknown samples can be read off from the standard curve that is produced.

The concentration of biological compounds in body fluids, even hormones and
vitamins present in extremely small quantities, may be measured using
radiochemicals by techniques such as radioimmunoassay (RIA), competitive
protein binding (CPB) analysis, receptor-ligand binding, enzyme assays,
protein-protein, and protein-DNA interactions. Utilization of scintillation
proximity assay (SPA) technology, and radioisotopes such as iodine-125,
tritium, and phosphorus-33 enables development of these assays for a wide
range of potential applications.
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Fig 14. Typical standard curves generated using acetylation and non-acetylation protocols

with cAMP - [125I] Direct Biotrak SPA (RPA542) 

Fig 15. Principle of SPA

Scintillation proximity assay (SPA) technology is a versatile bead-based system
which can be used with weakly-emitting beta isotopes, such as iodine-125,
tritium and phosphorus-33, for RIA, enzyme assays, receptor-ligand binding,
protein-protein, and protein-DNA interactions. The microscopic beads (average
diameter 5 µM) contain a scintillant that is stimulated to emit light only when
radiolabelled molecules of interest are bound to the surface of the bead. The
scintillation signal can be measured on any scintillation counter.

A range of bead coatings allow different biological molecules of interest to be
captured on the bead, for example, streptavidin beads capture biotinylated
molecules. Radiolabelled molecules that are not bound to the bead are unable
to stimulate the scintillant (being too distant from it) and therefore are not
detected, so separation of bound and free radioligand is not required. SPA
beads replace the need for separation steps involving filter papers or plates.
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This reduces both hands-on time and the amount of radioactive waste
generated, thus increasing safety and lowering disposal costs. In addition, as a
mix and measure method, SPA offers improved assay precision over
conventional heterogeneous assay systems and can be used for real-time
kinetics studies.  

As well as offering a range of generic SPA beads for your own assay
development, Amersham Biosciences has a range of fully-configured kits for a
number of popular targets.
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Glossary of terms
Activity — The number of nuclear transformations that occur in a given
quantity of radioactive material in unit time.

Alpha (α) emission — Particulate radiation consisting of fast moving helium
nuclei (2 protons, 2 neutrons) produced by the disintegration of heavy nuclei 
of atomic number > 52.

Autoradiography — A method used to determine the position of a radiochemical
in a sample by the interaction of its emission with a photographic (X-ray) film.

Becquerel (Bq) — The SI unit of radioactivity. One becquerel is equal to 1
nuclear transformation per second. 1 Bq = 2.70 × 10-11 Ci.

Beta (β) emission — An electron ejected from a nucleus during radioactive
transformation. Beta particles produced by a given nuclei have a range of 
initial energies from a maximum, which is characteristic of the nuclide.

Bremsstrahlung — (Literally: braking radiation). Electromagnetic radiation
produced when an electrically charged particle, such as an electron, is 
slowed down by the electric field of an atomic nucleus.

Carrier-free — A preparation of a radioisotope to which no carrier (unlabelled)
isotope has been added, and for which precautions have been taken to
minimize contamination with other isotopes. Material of high specific activity is
often loosely referred to as carrier-free, but more correctly this should be
termed material of high isotopic abundance.

Curie (Ci) — The unit of radioactivity. One curie (1 Ci) is 3.7 × 1010 nuclear
transformations per second. 1 Ci = 3.7 × 1010 Bq = 37 GBq.

Daughter — Of a given nuclide, any nuclide that originates from it by
radioactive decay.

Electron capture — Radioactive transformation in which the nucleus absorbs 
an electron from an inner orbital. The remaining orbital electrons rearrange 
to fill the empty electron shell and in so doing energy is released as
electromagnetic radiation at X-ray wavelengths and/or as electrons (such
electrons are called Auger electrons).

Electron volt (eV) — A unit of energy equal to the kinetic energy acquired 
by an electron when accelerated through a potential difference of 1 volt       
(1 eV = 1.6 × 10-19 J).

Enantiomorph — Either of two forms of a substance that are mirror images of
each other.
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Freeze-drying (lyophilization) — The process of rapidly freezing a solution and
removing the solvent by sublimation under vacuum.

Gamma (γ) emission — Electromagnetic radiation emitted by atomic nuclei, 
the wavelength of which is generally in the range 1 × 10 -10 to 2 × 10 -13 m.  

Gray (Gy) — The SI unit of absorbed dose. One gray is equal to joule per
kilogram. 1 Gy = 100 rad. 

Half-life — The time in which the activity of a radioactive nuclide decays to 
half its initial value.

ICRP — International Commission on Radiological Protection.

Isotope effect — Differences that may be detectable in the chemical or 
physical behavior of two isotopes of the same element, or of their compounds.

Isotopes — Nuclides having the same atomic number but different mass
numbers.

Isotopic abundance — The number of atoms of a particular isotope in a mixture
of the isotopes of an element, expressed as a fraction of all the atoms of the
element present.

Milliatom — (Milligram atom). The atomic weight of an element in milligrams.

Millimole (mmol) — The molecular weight of a compound in mg.

Nuclide — A species of atom characterized by its mass number, atomic
number and nuclear energy state, provided that the mean life in that state 
is long enough to be observable.

Parent — Of a nuclide, that radioactive nuclide from which it is formed by
decay.

Positron — The antiparticle of the electron, having the same mass but an 
equal and opposite charge.  It is produced in certain decay processes.

Radioactive concentration — The radioactivity per unit quantity of any material
in which a radionuclide occurs.  Normally expressed as radioactivity per unit
volume (e.g.  Bq(mCi)/ml). It is not the same as specific activity.

Radioactivity — The property of certain nuclides to emit radiation by the
spontaneous transformation of their nuclei.

Radiochemical — A compound in which one or more of its atoms is present 
in a radioactive form.

Radiochemical purity — Of a radioactive material, the proportion of the total
radioactivity that is present in the stated chemical form.
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Radiolabelled compound — A compound in which one or more of the atoms 
of a proportion of the molecules is replaced by a detectable radioactive isotope.

Radionuclide (radioisotopic) purity — Of a radioactive isotope, the proportion 
of the total radioactivity that is present in the stated isotopic form.

Rem — The former unit of dose equivalent. 1 rem = 0.01 Sv.

Sievert (Sv) — The SI unit of dose equivalent. 1 Sv = 1 J/kg.

Specific activity — The radioactivity per unit mass of an element or compound
containing a radioactive nuclide. Normally expressed as millicuries per
milligram (mCi/mg) (MBq/mg), as millicuries per millimol (mCi/mmol)
(MBq/mmol), or as curies per millimole (Ci/mmol) (GBq/mmol).
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