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Foreword 
 
 
This Malaysian Standard was developed by the Technical Committee on Safety in Laboratories 
(NSC 23/TC 4) under the authority of the National Standards Committee on Occupational Safety 
and Health (NSC 23). 
 
The first revision of MS 1042, cancel and replaces MS 1042: Part 4:1992 Code of practice for 
safety in laboratories – Part 4: Ionising radiations which has been technically revised. 
 

Major modifications in this revision are as follows: 

 

a) provision of clearer guidance on risk management processes for a laboratory, especially 

for terminology relating to occupational safety and health management;  
 

b) provision of increased guidance on various safety requirements for which they are now 

Malaysian legislations and standard; and 

 
c) references to other standard publications and literatures and these are listed in Clause 2 

and Bibliography. 
 

MS 1042 consists of the following’s parts, under the general title, Safety in laboratories -  

Code of practice: 

 

Part 1: General 

 

Part 2: Chemical aspects 

 

Part 3: Biosafety and biocontainment in microbiology laboratories 

 

Part 4: Ionising radiations 

 

Part 5: Non-ionising radiations - Electromagnetic, sound and ultrasound1  

 

Part 6: Plant and equipment aspects 

 

Part 7: Fume cupboards 

  

Part 8: Recirculating fume cabinet1 

  

Part 9: Storage of chemicals 

 

Compliance with a Malaysian Standard does not of itself confer immunity from legal obligations. 
 
 
 
 
 

________________ 
1To be develop 
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Safety in laboratories- Code of practice- Part 4: Ionising radiations 
(First revision) 

 
 

1 Scope 
 
This standard sets out the precautions needed to prevent unnecessary exposure of both workers 
using sources of ionising radiation in laboratories and persons outside the laboratory from being 
harmed by accidental or planned releases of radioactive materials or external beams of 
radiation. It also describes the important characteristics of ionising radiation-producing materials 
and apparatus, the nature of the hazards, laboratory design requirements and other essential 
radiation protection information. This standard applies to non-medical application only. 
 
The requirements of this standard should be implemented in all laboratories in which: 

 
a) radioactive materials are used or stored; and 
 
b) irradiating apparatus is operated. 
 
 

2 Normative references 
 
The following normative references are indispensable for the application of this standard. For 
dated references, only the edition cited applies. For undated references, the latest edition of the 
normative reference (including any amendments) applies. 
 
AS/NZS 2243.5, Safety in laboratories, Part 5: Non-ionising radiations protection 
 
Atomic Energy Licensing (Basic Safety Radiation Protection) Regulations 2010 
 

IAEA Safety Report Series No. 47, Radiation Protection in the Design of the Facilities 

 
The Atomic Energy Licensing Act 1984 (Act 304) 
 
 

3 Terms and definitions 
 
For the purpose of this standard, the following definitions apply. 
 
3.1  
abnormal exposures 
accidental exposure, an emergency exposure or a planned special exposure 
 
3.2  
absorbed dose 
D 
quotient of dE by dm, where dE is the mean energy imparted by ionising radiation to matter in 
a volume element and dm is the mass of matter in that volume element, represented by the 
formula: 
 D =  𝑑𝐸/𝑑𝑚 
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3.3  
accident 
any unintended event, that a person may have been exposed to radiation including operating 
errors, equipment failures and other mishaps, the consequences or potential consequences of 
which are not negligible from the point of view of protection and safety 

 
3.4  
Activity 
A  
amount of radionuclide in a particular energy state at a given time is the quotient of 𝑑𝑁 by 𝑑𝑡, 
where 𝑑𝑁 is the expectation value of the number of spontaneous nuclear transformation from 
that energy state in the time interval dt represented by the formula: 
 A =  𝑑𝑁/𝑑𝑡 
 
3.5  
adequate protection 
protection against ionising radiations such that the radiation doses received by any person from 
external or internal sources, or both, are as low as reasonably achievable and in any event do 
not exceed the maxima referred to in Clause 6 
 
3.6  
annual limit on intake  
ALI 
secondary limit for occupational exposure where the intake by inhalation, ingestion or through 
the skin of a given radionuclide in a year by the reference man which would result in a committed 
dose equal to the relevant dose limit which is expressed in units of activity 

 
3.7  
becquerel 
B 
SI name for the unit of activity, equal to the second to the power minus one, i.e. 1 Bq =  1  
nuclear transformation per second. It replaces the curie (Ci), with 1 Bq =  2.7 x 10−11 Ci. 1 Ci =  3.7 x 1010 Bq exactly 
 
3.8  
clean area 
area where the annual dose received by a worker is not likely to exceed the dose limit for a 
member of the public 
 
3.9  
committed equivalent dose  
equivalent dose which would be received by an organ or tissue from an intake of radioactive 
material  
 
3.10  
controlled area 
any area in which specific protection measures and safety provisions are required for controlling 
normal exposures or preventing the spread of contamination during normal working conditions, 
and preventing or limiting the extent of potential exposures 
 
 
  



MS 1042-4:2023 

© DEPARTMENT OF STANDARDS MALAYSIA 2023 - All rights reserved 3 

3.11  
critical group 
group of the members of the public whose exposure is reasonably homogenous and is typical 
of individuals receiving the highest dose 
 
3.12  
exposure 
either the act or condition of being subject to irradiation, or the amount of ionization produced in 
the air by ionising radiation 
 
3.13  
external exposure 
exposure resulting from radiation sources outside the body 
 
3.14  
glove box 
closed box having e.g. rubber gloves and viewing ports in one   or more sides, which is used to 
completely enclose radioactive material and operations on the material 
 
3.15  
gray 
Gy 
SI unit of kerma and absorbed dose, equal to 1 J/kg 

 
3.16  
half-life 
time required for the activity to decrease, by a radioactive decay process, by half 
 
3.17  
internal exposure 
exposure resulting from radiation sources inside the body 
 
3.18  
ionising radiation 
electromagnetic radiation or corpuscular radiation capable of producing ionization in its passage 
through matter 

 
3.19  
irradiating apparatus 
apparatus that is capable of producing ionising radiation, accelerating atomic particles for which 
a license is required by the appropriate licensing authority apparatus capable of producing 
ionising radiation 

 
3.20  
deterministic effects 
radiation effect for which a threshold level generally exists above which the severity of the effect 
is greater for a higher dose 

 
3.21  
personnel monitoring 
means radiation protection surveillance carried out on workers to ensure that the dose received 
does not exceed the dose limit for workers 
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3.22  
protective housing 
housing of an X-ray tube or of a sealed source intended to reduce the leakage radiation to a 
specified level 
 
3.23  
public 
any person other than radiation worker  

 
3.24  
radiation laboratory 
laboratory in which irradiating apparatus or sealed radioactive sources are used or stored.  
It does not contain any unsealed radioactive material 
 
3.25  
radiation protection officer  
competent person appointed by the licensee and approved by the appropriate authority to 
supervise the application of appropriate radiation protection regulations, measures and 
procedures 

 
3.26  
radioactive contamination 
contamination of any material, surface or environment or of any person, including both external 
skin contamination and internal contamination, irrespective of method of intake, by any 
radioactive material, nuclear material or prescribed substance 

 
3.27  
radioactive material 
any nuclear fuel, radioactive product or radioactive waste 

 
3.28  
radioactive waste 
substance or article that contains or is contaminated with radionuclides at activity concentrations 
or activities greater than clearance levels and for which no use is foreseen 
 
3.29  
radioisotope laboratory 
laboratory in which unsealed radioactive material is used or stored. It does not contain any 
irradiating apparatus 

 
3.30  
radiological hazard 
potential danger to health arising from exposure to ionising radiation; it may arise from external 
or internal radiation exposure  

 
3.31  
radionuclide 
species of atom which undergoes spontaneous nuclear transformation with the emission of 
corpuscular or electromagnetic radiations 
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3.32  
radiotoxicity 
toxicity attributable to ionising radiation emitted by a radionuclide (and its decay products) 
incorporated in the human body; radiotoxicity is related not only to the radioactive characteristics 
of the radionuclide but also to its chemical and physical state and to the metabolism of the 
radioactive elements in the body or in an organ of the body (refer Annex A, Clause A.1) 
 
3.33  
sievert  
Sv 
SI unit of equivalent dose and effective dose, equal to 1 J/kg 
 1 Sv  =  1 J/kg  
 
3.34  
sealed source 
radiation source consisting of any radioactive material, nuclear material or prescribed substance 
firmly incorporated in solid and effectively inactive material, or sealed in an inactive container of 
sufficient strength to prevent any dispersion of its contents under normal conditions of use 

 
3.35  
stochastic effects 
radiation induced health effect, the probability of occurrence of which is greater for a higher 
radiation dose and the severity of which (if it occurs) is independent of dose 

 
3.36  
supervised area 
area for which occupational exposure conditions are kept under review even though specific 
protective measures and safety provisions are not normally needed 
 
3.37  
unsealed source 
source which is not a sealed source and which under normal conditions of use can produce 
contamination 
 
3.38  
radiation worker 
any person working under the instruction of the licensee and approved by the appropriate 
authority (whether or not employed by the licensee), in the handling or use of, or who will come 
into contact with any radioactive material, nuclear material, prescribed substance or irradiating 
apparatus 
 
 

4 Hazards and their control 
 

4.1 The hazards from ionising radiations and their control 
 
Hazards from ionising radiation may give rise to biological effects. For radiation protection, they 
may be conveniently segregated into two classes, viz. external and internal, which should be 
considered together when assessing the total hazard as follows: 
 
a) External hazards. These arise from sources of ionising radiation outside the body that can  
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 irradiate all or part of the body with sufficient energy to affect the skin or underlying tissues. 
Practical control measures are: 

 
i) limiting the exposure time; 

  
1) maximizing distance between source and worker; and 
 
2) use of suitable shielding. 

 
b) Internal hazards. These arise when radioactive materials enter the body through 

inhalation, ingestion or absorption through the skin or a wound. Radioactive materials may 
pass through the body or may become incorporated into a particular organ, and deliver a 
dose of ionising radiation to the surrounding tissue. Principles of control are: 
 
i) containment of the material, i.e. limiting the laboratory area that could become 

contaminated, by use of fume cupboards, glove boxes or safe handling techniques; 
 
ii) scrupulous cleanliness - good housekeeping is all important; and 
 
iii) use off the least radiotoxic and the smallest activity of radioactive material that is 

suitable for the task being undertaken.  

 
4.2 Legislation 
 
The Atomic Energy Licensing Act 1984 [Act 304] requires any person1 dealing2 with radioactive 
material, nuclear material, prescribed substances or irradiating apparatus to have a valid license 
under the Act. Any person engaged in ionising radiation laboratory work shall obtain the 
necessary license from the appropriate authority for activities such as possessing, using, 
purchasing, transferring, handling and storing. 
 
 

5 Responsibilities 
 
5.1 General 
 
In laboratories in which ionising radiations are used, consideration should be given to the setting 
up of a clearly defined chain of responsibility with the duties of individual persons clearly set out 
in writing. The employer shall be responsible for providing and maintaining services and 
equipment necessary to implement the radiation protection program given below. 
 
 
 
 

 
1  ‘person’ in the above Act means any individual partnership, private or public body whether corporate 

or not, institution or organization or any international body, institution or organization enjoying legal 
personality under the law of the country or the territory of the country where the nuclear installation is 
situated. 

 
2  ’dealing' in the above Act means any activity involving the manufacturing, trading, producing, 

processing, purchasing, owning, using, transporting, transferring, handling, selling, storing, importing 
or exporting of such radioactive material, nuclear material, prescribe substance or irradiating 
apparatus. 
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5.2 Radiation protection officer (RPO) 
 
The employer shall employ a qualified expert as approved by the appropriate authority to carry 
out the duties of a radiation protection officer as stipulated under the Atomic Energy Licensing 
(Basic Safety Radiation Protection) Regulations. 
 
 

6 Annual dose limits 
 
6.1 Annual dose limits 
 
The dose equivalents of ionising radiation received by persons as a result of work with 
radioactive materials or irradiating apparatus in a laboratory shall not exceed the annual dose 
limits specified in the Atomic Energy Licensing (Basic Safety Radiation Protection) Regulations. 
For details of annual dose limits refer Annex B. 
 
 

7 Ionising radiation protection 
 
7.1 General 
 
The provisions of this clause apply to the protection of persons from the hazards of ionising 
radiations from any source, i.e. from apparatus producing ionising radiation, or from radioactive 
materials, sealed or unsealed. 
 
The dose equivalent received by radiation workers shall not exceed the limits specified in  
Annex B. All exposures should be kept as low as reasonably achievable, economic and social 
factors being taken into account. 
 
Where significant radiation doses to persons can result from either personal or equipment 
failure, a second person shall be present to act solely as an observer to ensure that all relevant 
safety precautions are taken. 
 
The dose equivalent rate in areas continuously accessible to members of the public shall not 
exceed 2.5 μSv/h. Where appropriate, this criterion may be relaxed by the application of the 
occupancy factors shown in Safety Report Series No. 47. These occupancy factors may be 
applied to dose rate limits specified for members of the public given elsewhere in this document. 
 
Ionising radiation protection permanently built into any installation shall be used in preference 
to the provision of personal protective measures for the worker. Protective devices and 
appliances shall be suitable for their purpose, shall provide adequate protection, and shall be 
convenient to use. They shall be examined by the RPO before being put into use, at regular 
intervals of time during use and whenever changes are made. 
 
All useful beams of ionising radiation shall be restricted to the smallest practicable cross-section 
and should be directed away from adjacent occupied areas. 
 
Unsealed radioactive materials selected for a given purpose shall be the least radiotoxic and 
possess the minimum activity for the work undertaken. They shall also be manipulated and used 
in such a way that their entry into the body is minimized. 
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All areas where an ionising radiation hazard could exist shall be monitored with appropriate 
instruments at regular intervals, decided by the RPO, and the results shall be recorded (see 
Clause 9). Where monitoring indicates that persons who occupy or work in the area could 
receive three-tenths or more of the annual dose limits given in Clause 6, medical surveillance 
and individual personnel monitoring shall be introduced. 

 
7.2 Classification of working areas 

 
Working areas are classified into clean, supervised and controlled areas. The supervised or 
controlled areas shall be clearly demarcated and appropriate and legible notices and warning 
signs bearing the radiation symbol as prescribed in the Annex C are posted conspicuously in 
strategic places. These notices shall be in the national language and in any other language if 
necessary. Operating instructions relevant to the supervised and controlled areas shall be 
posted conspicuously in such areas. No person shall enter a controlled area unless he has been 
assigned to the area or has been authorized to enter the area. Every person who has been given 
access to the supervised and controlled areas shall comply with prevailing instructions. 

 
7.3 Shielding 
 
The purpose of shielding is to ensure that the annual dose limits received by persons is as low 
as reasonably achievable and is well below the annual dose limits specified in Clause 6. 
 
Sealed and unsealed sources and apparatus which emit penetrating ionising radiation (e.g. X, 
gamma, beta or neutron radiation) may need to be shielded. Shielding required depends on the 
type and energy of the radiation emitted and its intensity. 
 
For shielding X-radiation and gamma radiation, high atomic number material is often used (e.g. 
lead). Lower atomic number material (e.g. steel, concrete) can be used but in correspondingly 
greater thickness. 
 
For shielding beta radiation, low atomic number material (e.g. perspex, aluminium) is preferable 
to minimize production of bremsstrahlung. 
 
Neutron radiation shielding requires the use of materials which contain significant amounts of 
hydrogen, (e.g. paraffin wax, concrete, water). 
 
NOTE. Bremsstrahlung means ionising radiation produced by the deceleration of electrons in the Vicinity 
of nuclei. 

 
7.4 Ionising radiation protection - Sealed sources and radiation - Producing 
apparatus 
 
7.4.1 General 
 
The provisions of this Clause apply to protection of persons from the hazards of ionising 
radiations from sealed sources (such as are used for radiography and in the study of radiation-
induced changes in materials), apparatus that produces ionising radiations (such as X-ray 
generators and particle accelerators), and apparatus that produces ionising radiations 
incidentally (such as electron microscopes, cathode-ray tubes and high-voltage electronic 
rectifiers1). Such sources or apparatus may be used in either an enclosed or an open installation. 
__________________________ 
1Any apparatus in the laboratory that utilizes electrons accelerated by voltages greater than 5kV should be 
considered capable of producing inadvertent. 
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Whenever practicable, special enclosures shall be used to house ionising radiation sources and 
apparatus producing ionising radiations in such a way that, under all operating conditions, 
persons outside the enclosures are adequately protected from the useful beam and from 
leakage and scattered radiation. 
 
An area where sources or apparatus may cause an external ionising radiation hazard shall be 
a supervised or controlled area and shall be identified by an appropriate and readily recognizable 
warning sign (see Annex C). Visible or audible signals, or both, shall be provided inside and 
outside enclosures and in the vicinity of installations, to provide warning before and during 
irradiations if required by the appropriate authority. 
 
7.4.2 Enclosed installations 
 
An enclosed installation for any source of ionising radiation and the materials being irradiated is 
a permanent enclosure designed so that: 
 
a) no person shall be permitted to be within the enclosure during an irradiation; 
 
b) persons shall be prevented from entering the enclosure during an irradiation by the 

provision of interlocks; 
 
c) any person accidentally shut in a large enclosure shall be able either to leave by a suitable 

exit or be able to enter an adequately shielded refuge without delay; 
 
d) an irradiation shall be capable of being prevented or quickly interrupted from within large 

enclosure; the means of so doing shall not be capable of being reset from outside the 
enclosure; 

 
e) under all practical operating conditions, persons outside the enclosure shall be adequately 

protected; 
 
f) during operation, the dose equivalent at any accessible outside surface of any large 

enclosure should not, in any one hour, exceed 2.5 µSv provided that dose received by 
members of the public shall not exceed 1 mSv/y 

 
g) when not in use, sealed sources shall be capable of being housed, by remote control, 

within suitable shielding inside the enclosure; and 
 
h) all interlocks and control systems shall be ‘fail-safe’ in the sense that the radiation source 

will be automatically shielded in the event of an interruption of power and will remain 
shielded until the beam control mechanism is re-activated from the control panel.  

 
7.4.3 Open installations 
 
An open installation, because of operational requirements such as the use of a portable 
apparatus, cannot be provided with the safeguards specified in Clause 5.5.2 for enclosed 
installations. In an open installation, the source of ionising radiation and the materials being 
irradiated shall be confined within an area, as far as practicable, isolated from other areas, and 
delineated by suitable barriers and warning signs so that: 
 
a) only authorized persons shall leave access to the area; 
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b) all persons outside the area shall be protected under all practical operating conditions so 
as to fulfil the requirements of Clause 5.5.2; 

 
c) authorized persons may enter the area only for the minimum time needed to make 

essential adjustments to the apparatus; and 
 
d) the apparatus shall be capable of adjustment by remote handling methods wherever 

practicable. 
 
7.4.4 Sealed sources 
 
Sealed sources shall be manipulated only by remote means, such as by forceps or long tongs, 
to minimize the dose to the operator. 
 
Shielding shall be used as close as practicable to the source. Precautions shall be taken to 
protect the laboratory workers and persons in adjacent areas from direct and scattered ionising 
radiations. Unshielded sources should be manipulated remotely and for the minimum possible 
time. Any unfamiliar operation with a high activity source should be preceded by a practice run 
using inactive material. 
 
Each sealed source or its containment should be clearly labelled to show its activity and nature, 
and should be serially numbered or otherwise identified to distinguish it from others in the same 
establishment. 
 
A record for each sealed source shall be kept by the RPO. The record shall include the following: 
 
a) The serial number or other identification of each source. 
 
b) The nature of the source, its date of receipt and its activity upon receipt. 
 
c) All movements of the source in the establishment. 
 
d) The date and manner of disposal of the source when it leaves the establishment. 

 
The record for each source should be kept for two years after the disposal of that source. The 
record for each source should be kept for two years after the disposal of that source. 
 

The RPO, licensee or responsible person shall satisfy himself that each sealed source is 
satisfactorily accounted for by means of a periodic audit, and entries to this effect shall also be 
made in the record. The RPO should also arrange for each sealed source to be examined for 
contamination and for the integrity of its sealing (i.e. by leak testing each source) at annual 
intervals and whenever leakage is suspected. Particulars of these examinations shall also be 
entered into the record. 
 
If a sealed source becomes corroded or damaged, or if for any reason it is suspected of causing 
radioactive contamination, it shall be sealed in a leakproof container and the appropriate 
Licensing Authority shall be informed without delay. 
 
If a sealed source is believed to be lost or mislaid, the RPO shall be informed without delay. 
Should the loss be confirmed, the appropriate Licensing Authority shall be notified within  
24 hours. 
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When not in use, sealed sources shall be stored in a secure and adequately shielded 
containment, which shall bear the radiation symbol as specified in Annex C. The storage facilities 
shall comply with the requirements of Clause 6.1. 
 
Where a source potentially could release a radioactive gas, the storage place shall be provided 
with an efficient mechanical method of being ventilated to the open air before the space is 
opened. In addition, air monitoring should be carried out as specified by the RPO. 
High activity neutron sources can activate their immediate housings and may thus produce an 
additional radiation or contamination hazard or both. 
 
7.4.5 X-ray analysis apparatus 
 
Several different analytical methods utilize ionising radiations generated by X-ray tubes. 
Typically, the X-ray beams used are of very small cross-section and give very high dose rates 
(tens of grays per second close to the tube window) which, irrespective of the photon energy, 
can produce serious and painful burns or complete necrosis of the skin and underlying tissues 
following exposure for a second or so. Special additional precautions shall be taken with such 
analytical and research apparatus; in particular, effective means shall be provided to eliminate 
any exposure of the eyes, face and fingers to the useful beam. 
 
X-ray tubes shall be mounted in a protective and electrically shockproof housing made from 
material that is not readily deformed. 
 
Apertures in the X-ray tube housing shall be covered Ivy a shutter or a completely shielded 
enclosure. Effective beam stops shall be provided to absorb the useful X-ray beam after it has 
passed through the sample and the analysing components. Interlocking devices, preferably of a 
mechanical nature and ‘fail-safe’ in operation, shall be provided to prevent the generation of  
X-rays when: 
 
a) the shutter or an aperture in the enclosure is open without the analysing components and 

beam stops being in position; 
 
b) either the housing is removed from the X-ray tube or the X-ray tube is removed from the 

housing; 
 
c) an enclosure is detached from the housing; and 
 
d) a beam stop is removed. 
 
Housings, shutters, shielded enclosures and beam stops shall be so constructed that the dose 
equivalent at any accessible point 5 cm from their surfaces does not exceed in any one hour 
250 μSv for all practical operating conditions of the X-ray tube. 
 
‘Fail-safe’ warning lights or iIIuminated signs, or both, shall be provided and interlocked to show, 
unambiguously: 
 
a) when an X-ray tube is operating; 
 
b) which shutter(s) or aperture(s) are open. 
 
These illuminated warnings shall be readily discernible on the apparatus itself and should be 
duplicated where necessary. 
 



MS 1042-4:2023 

12           © DEPARTMENT OF STANDARDS MALAYSIA 2023 - All rights reserved 

Periodic radiation surveys of each X-ray analysis apparatus shall be carried out. 
 
Where adjustments have to be made with some shielding removed while X-rays are being 
generated, a second experienced person shall be present with the person making the 
adjustments. The second person shall warn the one making adjustments of movements that 
could lead to an exposure of any part of the body, shall carry out any ionising radiation 
monitoring needed during the adjustment, and shall make a careful monitoring survey when 
adjustments are completed. Under no circumstances shall collimators be adjusted with the aid 
of the naked eye while X-rays are being generated. 
 
X-ray fluorescence analysers shall be fully enclosed and fitted with interlocks to prevent access 
to the interior of the enclosure during an irradiation. 
 
7.4.6 Particle accelerators 
 
Particle accelerators shall be operated in shielded enclosures (see Clause 5.5.2) and controlled 
from an external control room. In operation, the dose equivalent rate should not exceed 15 µSv/h 
in any one hour at any point outside the enclosure or in the control room, and should not exceed 
0.5 μSv in any one hour in adjacent areas used by non- radiation workers. 
 
Particular care shall be given to the hazards from mixed radiations (e.g. X-rays and neutrons) 
produced indirectly, and from radioactivity that may be induced in the target and parts of the 
machine and shielding. Precautions shall be taken against external radiation, radioactive 
contamination and radioactive gases when the target and potentially activated component are 
handled during operation, repair and overhaul of the machine. 
 
7.5 Ionising radiation protection - Unsealed radioactive materials 
 
7.5.1 General. The provisions of this clause apply to the protection of persons from the 
hazards of ionising radiations from unsealed radioactive materials. During work with unsealed 
radioactive materials, in addition to precautions against external radiations given above, 
precautions shall also be taken to prevent radioactive materials from being taken into the body 
by inhalation, ingestion or absorption through the skin or a wound. 
 
The amounts of unsealed radioactive material that can reasonably be handled in a single batch 
in the laboratory depend upon a number of factors. The more important of these factors are 
radiotoxicity, volatility, external radiation level, nature of the work, and the design of the 
laboratory. External radiation exposure can be controlled by shielding, time and distance. 
Contamination is usually controlled by the ventilation system together with the design, internal 
fittings and surface finishes of the laboratory. 
 
Radiotoxicity is discussed in Annex A, together with a laboratory grading system derived 
therefrom. Radioisotope laboratory design, based on this grading system, is discussed in  
Clause 11. 
 
Signs bearing the radiation symbol, and appropriate wording, shall be displayed on the doors of 
all radioisotope laboratories (see Annex C). No unauthorized persons shall be permitted to enter 
any such laboratory. 
 
Records of all stocks of radioactive materials shall be kept by the RPO. The records should 
indicate: 
 
a) nature and activity of each substance; 
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b) date of receipt; 
 
c) place of storage or use; and 
 
d) date and manner of disposal. 
 
These records should be kept for at least 2 years after the date of the last entry or the date of 
disposal of the radioactive material, whichever is the later. 
 
7.5.2 Use of unsealed radioactive materials 
 
The following additional requirements apply to the use of unsealed radioactive materials: 
 
a) All work with unsealed radioactive materials should be segregated from other work and, 

where possible, carried out in a laboratory reserved solely for the purpose. Where widely 
different levels of activity are to be in use, separate rooms are preferred. 

 
b) Eating, drinking, smoking and the application of cosmetics shall not take place in the 

laboratory. No food, drink, cups, saucers, etc., shall be allowed in the laboratory. 
 
c) Food and drink for normal consumption shall not be stored with radioactive materials. 
 
d) Good working procedures are so important that techniques shall be well thought out and 

understood before work is undertaken. Practice runs should be made with inactive 
materials, so that when radioactive materials are used, operations are performed speedily 
and confidently with minimum exposure and risk of accident. A balance should be 
obtained between hurried manipulations which cause accidents, and prolonged 
operations, which may lead to excessive exposure. 

 
e) Working procedures shall be reviewed periodically by the RPO. 
 
f) The standard of cleanliness in a radioisotope laboratory shall be much higher than normal. 

An untidy and careless worker is a danger not only to himself but to everyone else in the 
laboratory. 

 
g) Appropriate means of monitoring for contamination shall be available. 
 
h) Radiation and contamination surveys of a type and frequency determined by the RPO 

shall be carried out with suitable monitoring equipment. 
 
i) Protective clothing reserved for radioactive work only, shall be worn at all times in the 

laboratory, even for very low levels of activity. In low level laboratories and for most work 
in medium level laboratories, a normal laboratory coat or overall is sufficient; in high level 
laboratories and for work at the upper end of the medium level classification, a surgical 
gown, presenting an unbroken front surface, is better. To prevent the transfer of 
radioactive contamination from high level laboratory floors, overshoes or similar specially 
designated footwear shall be worn. All protective clothing worn in radioisotope laboratories 
shall be removed before leaving, and left in or immediately outside the laboratory; the 
latter place should then be regarded as an 'active’ area i.e. possessing a potential 
contamination hazard. Protective clothing found to be contaminated shall not be 
laundered with uncontaminated items. 
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j) Suitable gloves should be worn for all work with unsealed radioactive materials, and 
special care shall be exercised when putting on or removing gloves, to avoid 
contaminating the hands and the inside surfaces of the gloves. 

 
k) Paper towels and tissues, which can be discarded after a single use as active waste, 

should be used in preference to fabric materials for personal purposes in the laboratory. 
 
l) No mouth operations shall be carried out in the laboratory. Pipettes shall be syringe- 

operated or bulb-operated. Flexible polyethylene wash-bottles are recommended. 
 
m) Glass blowing should be avoided in the laboratory, but when glass blowing is essential, 

blowing by mouth shall not be permitted. 
 
n) All reagents, tools and, where possible, apparatus used in the ‘active’ area shall be clearly 

labelled (e.g. with paint), and should normally remain in the ‘active' area. Where 
equipment has to be taken out of the ‘active’ area, it shall be monitored and, if necessary, 
decontaminated. 

 
o) The use of shielding, distance and time are the methods for reducing radiation dose, and 

simple remote handling devices (e.g. forceps) should be in routine use. 
 
p) All radioactive preparations shall be clearly marked with details of the chemical 

compound, radionuclide, activity, date and name of responsible user. Gummed labels are 
undesirable; suitable self-adhesive labels, bearing the radiation symbol, should be used. 

 
q) All work with unsealed liquid sources shall be carried out in a double container or over 

large trays (e.g. stainless steel or plastics) lined with absorbent paper to restrict the spread 
of liquid. 

 
r) Operations that can produce vapour, spray, dust or radioactive gas, shall be carried out 

in a fume cupboard or glove box. 
 
s) Electrical heating should be used for laboratory operations in a radioisotope laboratory. 

Evaporation should be from above, by an infrared lamp, to reduce splashing and spraying. 
 
t) Waste bins for solid active materials (e.g. filter papers) shall be provided in the laboratory. 

Foot-operated bins with removable polyethylene bucket or bag should be used. A marked 
container shaII be provided for liquid waste of high specific activity. 

 
u) Where high activity unsealed sources are to be manipulated, special remote handling 

facilities may be required. 
 
v) Work with natural uranium does not normally present a serious contamination hazard, but 

care should be taken to avoid inhalation of dust containing these materials, or air which 
has been standing over them in an enclosed volume. 

 
w) When leaving the laboratory, every worker shall wash his hands thoroughly. Hands, 

clothing and shoes shall be monitored to ensure that no contamination is present. These 
procedures shall be followed rigorously before meals and before leaving the laboratory at 
the end of the day’s work. 

 
x) If work has to be done with radioactive materials after working hours, there should always 

be two persons in the laboratory. 
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y) Cleaning of radioisotope laboratories shall be carried out under supervision. Separate 
cleaning equipment should be reserved for use solely in radioisotope laboratories. The 
use of vacuum cleaners in radioisotope laboratories should be discouraged but, if used, 
they shall be equipped with effective exhaust filtration. To reduce the possibility of causing 
airborne contamination, wet cleaning is recommended. 

 
z) Maintenance work (e.g. repairs to sinks, waste pipes, and exhaust ducting) should be 

carried out only after the RPO has verified that there is no radiological hazard involved. 
 
aa) For good working practice, counting apparatus should normally be in a separate room. No 

radioactive materials, other than prepared samples, should be taken into the counting 
room. Gloves worn during sample preparation should be removed before entering the 
counting room. 

 
 

8 Storage and waste management 
 
8.1 Storage of radioactive materials 
 
Radioactive materials shall be used and stored so that they present no hazard to persons in the 
vicinity and are secure against theft or unauthorized tampering. Materials not in regular use 
should be kept in a locked store. Disposal of materials no longer required should be in 
accordance with the requirements of the Licensing Authority. 
 
Radiation levels outside the store should not normally exceed 2.5 μSv/h. Not all materials, 
however, need to be put into storage every night; for example, to do so with highly toxic alpha 
emitters could be more hazardous than to leave them in the glove box where they are normally 
handled. All containers of radioactive material (including waste) shall be labelled showing details 
of: 
 
Department/Laboratory    

Radionuclides    

Activity    

Description of contents    

Date  Signature  

 
 
Where radioactive material is likely to evolve a radioactive gas or vapour, the store shall have 
separate and adequate mechanical ventilation to the outside air. The fan shall operate for at 
least 2 min before any person enters or opens the store. 
 
Unsealed radioactive residues at tracer level may be stored in glass vessels with polyethylene, 
rubber or cork stoppers. 
 
Ionising radiation may induce decomposition of water, hence vented containers may be needed 
to store aqueous solutions. (Chemically stable solutions containing about 200 MBq of alpha 
activity or 2 GBq of beta activity normally produce about 1 mL per month of gas, at NTP). Bottles 
of old radioactive liquids should be opened only in a fume cupboard. 
 
Thermally unstable radioactive solutions, e.g. nitric acid or other oxidizing solutions containing 
traces of organic material, peroxides or chlorates need particular care and should always be 
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stored in vented containers. Consideration should be given to neutralizing acidic or alkaline 
waste before disposal. 
 
Proper containers shall be used to transfer radioactive materials within the facility to reduce the 
dose equivalent rate at 1 m from the surface to not more than 50 based transfer index, which 
mean 50 µSv/hr. 
 
A radiation warning sign shall be displayed at the entrance to each radioactive store. 

 
8.2 Disposal of radioactive waste 
 
8.2.1 General 
 
Radioactive wastes shall be disposed of in accordance with appropriate legislation and after 
consultation with the RPO. 
 
 

9 Monitoring ionising radiation 
 
9.1 General 
 
Monitoring for both external and internal hazards from ionising radiations shall be performed in 
order to assess effectiveness of the radiation protection program in minimizing doses received 
by personnel. Monitoring should measure doses received by laboratory workers, external dose 
rates in the laboratory, amount of radioactive contamination on surfaces and articles in the 
laboratory, and radioactive contamination in the air and in effluents. Frequency of such 
monitoring shall be determined by the RPO. 
 
No single type of instrument is suitable for all monitoring measurements needed, and in some 
cases more than one instrument may need to be used for a complete assessment. In addition, 
occasions arise when readings from a given instrument can be misleading. This Section is 
intended to give guidance on monitoring that shall be carried out in the laboratory; further 
discussion of monitoring methods and some of the problems that can arise are presented in 
Annex D. 
 
Workers in laboratories where radioactive materials and/or sources of ionising radiation are used 
should have ready access to radiation monitoring equipment as required by the RPO. In 
particular at least one appropriate contamination meter should be in every laboratory where 
unsealed radioactive materials are used. A dose-rate meter should be available if high activity 
sources (sealed or unsealed) may give rise to an external radiation hazard. 
 
Further information and advice on the choice of suitable instruments should be obtained from 
the RPO. 
 
9.2 Calibration of monitoring instruments 
 
All monitoring instruments shall be calibrated when first taken into use and at annual intervals 
thereafter and following major repairs or service. Records shall be maintained of the date and 
results of all calibrations and be kept for two years after disposal of the instrument. 
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Between annual calibrations constancy checks shall be carried out. Where possible these 
should be made with the same type of radiation for which the instrument is designed. Some 
instruments are provided with a check source for this purpose. 
 
9.3 Personnel monitoring 
 
Employer shall establish personnel monitoring program in compliance with the Atomic Energy 
Licensing (Basic Safety Radiation Protection) Regulations. This monitoring may be done by 
means of dose meters such as thermoluminescent, radiophotoluminescent or ionization dose 
meters and if there is exposure to unsealed radioactive materials, shall include tests for 
radioactive contamination and, where necessary, for body burden, for example, thyroid 
monitoring of persons working with radio-iodine. In addition to measurement of the whole-body 
dose, external radiation doses to particular parts of the body, such as fingers, should also be 
measured where partial exposures present the greatest hazard for the individual. 
 
As far as practicable, methods of personnel monitoring should be capable of indicating types 
and energies of radiation in addition to the dose, while measurement of body burdens should 
also identify radionuclides present. 
 
9.4 Health surveillance and maintenance of records 
 
9.4.1 Health surveillance 
 
Health surveillance of radiation worker shall be conducted according to the Atomic Energy 
Licensing (Basic Safety Radiation Protection) Regulations. Radiation worker who may receive 
more than the annual limit given in Annex B shall be subjected to individual personnel monitoring 
so that their exposure can be restricted, if necessary, as required by the Atomic Energy 
Licensing Act 1984. 
 
9.4.2 Maintenance of records 
 
9.4.2.1 Medical records 
 
The licensee shall maintain a medical record for each worker and it shall be kept up to date as 
long as he remains a worker. The medical record of a worker is confidential and every person 
who has access to it shall maintain the confidentiality of the record. The medical record shall be 
retained in the form and manner acceptable to the appropriate authority. The medical record of 
a worker shall be kept by the licensee for a period of 30 years after the termination of his 
employment as a radiation worker or his retirement, as the case may be, after which the licensee 
shall transfer the medical record to the appropriate authority. The licensee shall transfer the 
medical records of his workers to the appropriate authority once the licensee ceases operations. 
If a licensee ceases operations and another licensee takes over the operation, the former 
licensee shall transfer all medical records of the workers to the new licensee. 
 
9.4.2.2 Exposure records 
 
The licensee shall, when appointing a new worker who has been a radiation worker, obtain the 
exposure record in respect of that worker, and the former employer shall supply the exposure 
record of the worker upon request by the licensee who has ceased operation. The new employer 
shall obtain the worker’s exposure record from the appropriate authority. Doses received by a 
worker during normal operation, planned special exposure and accidental and emergency 
exposures shall be recorded together but they shall be distinguishable. The appropriate authority 
shall provide record-keeping procedures for keeping records of exposure of workers who work 
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in controlled areas under different licensees. The licensee shall inform each worker in writing of 
the worker’s personal monitoring results and radiation exposure status not later than two weeks 
from the date the results are available. 
 
The exposure records shall be maintained as for the medical records. 
 
NOTE. Reference is being made to Atomic Energy Licensing (Basic Safety Radiation Protection) 
Regulations.  
 

9.5 Area monitoring 
 
9.5.1 External radiation  
 
The purpose of radiation monitoring is to find any areas where appreciable dose rates exist so 
that appropriate action, such as provision of shielding or restriction of working time, may be 
taken to reduce the dose to personnel. Monitoring instruments may be fixed or portable. 
 
9.5.2 Surface contamination 
 
Regular contamination monitoring is needed where unsealed radioactive materials are used.  
 
All parts around the targets of heavy particle accelerators or around neutron sources should be 
checked for contamination before handling. 
 
9.5.3 Airborne contamination  
 
Airborne contamination may occur in laboratories. If operations involving radioactive materials 
may produce airborne radioactive contamination in the breathing zone, some form of monitoring 
should be instituted. Consideration should be given to the wearing of air samplers by workers 
as variations in airborne contamination may occur within a laboratory. 
 
 

10 Training, instruction, accidents and emergency procedures 
 
10.1 Training and instruction 
 
Training and instruction of persons exposed to radiation make an important contribution to safety 
of the work. The licensee should either instruct new workers, or arrange for the RPO or a trained 
health physicist to instruct them, in: 

 
a) health hazards associated with their work; 
 
b) safe working methods and techniques; 
 
c) precautions to be taken and reasons for taking them; and 
 
d) emergency procedures. 
 
Similarly, the licensee should ensure that regular workers do not relax their standards and that 
staff are fully acquainted with health and safety requirements of new installations or experiments. 
 
The licensee in conjunction with the RPO shall draw up rules of safe working procedure dealing 
with hazards potentially present in the laboratory. These rules shall be prominently displayed 
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and all persons in the laboratory shall be aware of them. Special hazards shall be given 
adequate prominence. 
 
10.2 Accident and emergency procedures 
 
10.2.1 Reporting 
 
Every accident shall be reported immediately through the laboratory supervisor if available, to 
the RPO who shall take charge of the emergency procedures. The accident shall also be 
reported to the appropriate Authority in accordance with the Regulations. If the RPO is not 
available, the person reporting the accident should act according to internal procedures. 

 
Where an incident does not constitute an accident as defined in Clause 3.4, the incident should 
be reported to the laboratory supervisor and to the RPO. 
 
10.2.2 Immediate control measures for radioactive spills 
 
Small spills of radioactive materials that present no radiological hazard to persons should be 
dealt with by the operator (wearing suitable gloves). Spills of liquids should be absorbed with 
blotting paper, paper towels or tissues; dry materials should be carefully wiped up with absorbent 
tissues moistened in water. When no visible signs of the spilled material remain, the affected 
area should be monitored. Decontamination should be continued as necessary until no further 
reduction can be achieved. Every effort should be made to reduce the contamination below the 
derived working limit. 
 
More serious spills of radioactive material may require immediate evacuation of the area if a 
significant radiological hazard to personnel exists. Care should be taken not to spread 
contamination from the immediate vicinity. The area should not be re-entered until a properly 
planned and equipped re-entry procedure has been formulated. 
 
Persons suspected of having received any appreciable intake of radioactive material shall be 
removed from the area of contamination. The accident must be reported immediately to the RPO 
and appropriate authority from whom further advice shall be sought. 
 
When serious spills occur, expert assistance should be summoned immediately. While waiting 
for this assistance to arrive, any obvious injury should be treated immediately, taking care to 
avoid undue spread of contamination. 
 
Contaminated clothing should be removed and personal decontamination started according to 
the area of the body where contamination has occurred: 
 
a) Eyes should be irrigated with saline solution (1 % common salt solution) or distilled or tap 

water. A standard plastics wash bottle is a convenient applicator if used with care. 
 
b) Hands should be washed with soap and water, scrubbing lightly with a soft nail-brush. 

If this fails to remove the contamination, repeat with a detergent. For contamination which 
is difficult to remove, wearing of tight-fitting rubber gloves for several hours, to promote 
perspiring of the hands, often assists removal of the contamination. As a last resort, 
immerse the hands in saturated potassium permanganate solution, allow to dry and 
remove stain with 5 % sodium metabisulphite solution. 
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c) Skin, other than that on hands, should be rubbed gently with a cotton wool pad soaked in 
a complexing agent (e.g. Cetavlon). Do not scrub the skin sufficiently to produce 
abrasions. 

 
d) The mouth should be washed out several times with hydrogen peroxide solution (one 

tablespoon of 10 volume solution to a tumbler of water). 
 
e) Contaminated wounds should be washed under a fast-running tap and bleeding 

encouraged; if on the face, take care not to contaminate the eyes, mouth or nostrils. Finally 
wash the wound with water, apply a gentle antiseptic and then a first-aid dressing. 

 
Personnel decontamination should be continued until monitoring shows that contamination has 
been reduce to an acceptable level, unless there is a risk of contamination entering the 
bloodstream through roughening or breaking of the skin. 
 
10.2.3 Immediate control measures for accidental external exposure 
 
Persons suspected of having received any appreciable accidental external radiation dose should 
be removed from the area containing the source of the radiation. The accident must be reported 
immediately to the RPO and appropriate authority from whom further advice shall be sought. 
 
Appropriate control measures shall be instituted to remove the source of external irradiation and 
return conditions to normal. 
 
All possible attempts should be made immediately to estimate the radiation dose received, to 
provide guidance on the need for subsequent medical attention. 
 
10.2.4 Fires and explosions 
 
Station Officers of the local Fire Brigade should be informed in advance of the hazards and the 
need to take particular care in areas marked with ionising radiation warning signs. In the event 
of fires and explosions, the area of any personnel should be vacated immediately and all 
ventilation system and electricity supply to the affected areas should be switched off. Firefighting 
clearly takes precedence over contamination control, but all reasonable efforts should be made 
to minimize the spread of contamination, particularly at the clearing up stage. 
 
10.2.5 Emergency equipment 
 
Emergency equipment to assist safe handling of a radiation or contamination accident should 
be readily available. The RPO should assemble an emergency kit comprising items relevant to 
the emergency needs of the laboratory. This may include items such as personal dosimeter, 
radiation and contamination monitors, respiratory protection devices, protective clothing and 
items for decontamination. Contents of the emergency kit shall be checked regularly and 
replaced as necessary. 
 
Equipment provided for emergency use only shall not be used for any other purpose without the 
personal approval of the RPO. 
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11 Requirements for radiological laboratories 
 
11.1 General 
 
This Section offers guidance for the requirements for laboratories where radioactive materials 
and /or ionising radiation will be used. Paragraph A.2 of Annex A gives details of grading of 
radiological laboratories. 
 
a) When a new laboratory is being planned or an existing laboratory is being modified the 

advice of both the RPO and the relevant appropriate Authorities shall be sought at an 
early stage. 

 

b) All parts of this Section apply to laboratories in which unsealed radioactive materials are 
used. For laboratories in which only sealed radioactive materials are used, Clauses 
11.1(a) and 11.4 apply (see also Clauses 7.1, 7.3, 7.4 and 8.1). 

 
c) Laboratories which are to house X-ray equipment or other types of irradiating apparatus 

should be designed in accordance with Clauses 7.1, 7.3, 7.4 and 11.1 (a). 
 

d) Laboratories which are to house sources of non-ionising radiation should comply with the 
appropriate requirements of MS 1042: Part 5. Pending preparation of the MS Pt. 5, 
Australian Standard AS 2243 Safety in laboratories Pt. 5 Non-ionising radiation shall be 
referred. 

 
e) Whenever practicable, laboratories in which radioactive materials are used should be 

isolated from other laboratories in order to reduce the risks of contaminating the latter. 
Counting laboratories should be separated from operational areas and from radionuclide 
storage areas. Office accommodation should be separate from laboratories. 

 

f) The detailed design should aim at providing an area that can be readily kept in a very 
clean condition. 

 
g) All sealed systems that may be internally contaminated (e.g. ducts and pipes) shall be 

clearly marked to warn maintenance personnel. 
 
h) Suitable storage space should be provided in the laboratory for cleaning equipment. A 

separate store should be provided for special tools and equipment used within the 
laboratory. 

 
i) Disposal of radioactive wastes shall be in accordance with Clause 8.2. 
 
j) Laboratories shall be well ventilated and where necessary air-conditioned should be 

provided. 
 
11.2 Fume cupboards 
 
The design of high efficiency fume cupboards requires specialist advice.  
 
11.3 Change rooms 
 
Change rooms shall be provided at the entrance to high level laboratories, should be provided 
for medium level laboratories, and may be provided for low level laboratories. The layout of 
change rooms should be such that the correct route through them is obvious, and it should be 



MS 1042-4:2023 

22           © DEPARTMENT OF STANDARDS MALAYSIA 2023 - All rights reserved 

difficult if not impossible to bypass the correct route. Depending on the type of laboratory served, 
the change room should provide: 
 
a) a clear barrier or demarcation between the clean area, supervised area and controlled 

area, with an adequate space on each side; 
 

b) storage for clothing on each side of the barrier and containers for used contaminated 
clothing beside the barrier on the active side; and 

 
c) washing facilities on each side of the barrier, preferably with elbow or foot-operated taps. 
 
11.4 Monitoring equipment 
 
Monitoring equipment appropriate to the radionuclides being used should be provided in low 
level laboratories and shall be provided in medium and high-level laboratories. 
 
11.5 Low level laboratories 
 
In low level laboratories a high degree of cleanliness is essential, and fittings and finish should 
be chosen with this in view. The following factors should be considered: 
 
a) The floor should be covered with a continuous material. All joints should be arranged to 

be in places away from sources of contamination, (e.g. not near sinks nor under edges of 
benches) sealed and made waterproof. Joints to vertical surfaces should be covered. Tiles 
are not recommended for floors. Plastics floor coverings of the PVC type can be welded 
to present a continuous impervious surface and need little maintenance. The acid-
resistance and solvent- resistance of such a material is good and can be slightly improved 
by polishing with a plastic emulsion polish. Bare wood, concrete, bituminous materials or 
carpet are not acceptable. 

 
b) Walls and ceilings should be smooth and reasonably free of electrical conduit, water and 
 gas pipes, etc. These surfaces should be finished with a high-gloss paint. Unpainted 
 woodwork or stonework and ceilings of perforated acoustic tiles should be avoided. 
 
c) Bench tops shall have a waterproof, chemically resistant covering. Stainless steel is 

recommended. Melamine plastics may be suitable but if they are scratched or abraded, 
they tend to trap contamination. Rigid PVC coatings can be very good provided that 
organic solvents are not used extensively. Self-adhesive PVC coverings are undesirable 
for working surfaces, since they are attacked by many organic solvents, but are suitable 
for shelf coverings. Wooden benches and cupboards may be used, but they shaft be 
painted with an impervious high-gloss paint to maintain the surface in good condition. 
Chemically resistant finishes such as chlorinated rubber paints or epoxy resins are 
preferable. 

 
d) Stainless steel has been widely used for sinks, and is recommended. There shall be no 

possibility of leakage or retention of contamination between the top of the sink and the 
adjacent bench. 

 
e) All drainage systems should be continuous. Polyethylene pipes and fittings are highly 

resistant to chemical attack and not readily contaminated, and are easy to dismantle if 
screw couplings are carefully arranged. These must, however, be leakproof. 
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f) Hand-operated taps are undesirable; those operated by elbow, foot or knee are 
preferable. 

 
g) There should be at least one fume cupboard in the laboratory. The base of the fume 

cupboard should be capable of carrying up to 0.25 kg/cm* averaged over the whole area.  
 
h) A wash handbasin should be provided, preferably immediately outside the laboratory. 
 
i) A rack should be provided near the door for laboratory coats. 
 
j) A shielded store of some 50 L to 100 L capacity should be provided. The dose equivalent 

rate at any point on the outside surface of the store shall be in accordance with the 
recommendations of Clause 7.1. 

 
11.6 Medium level laboratories 
 
Medium level laboratories should be designed to comply with requirements given below, in 
addition to complying with the requirements of Clause 11.5. The following factors should be 
considered: 
 
a) Floors should present a continuous, non-absorbent surface. The floor must be strong 

enough to support the weight of any shielding required in the laboratory. 
 
b) Benches shall be strong enough to support the weight of shielding to be used. 
 
c) At least one fume cupboard shall be provided. The extract ducting should be separate 

from that for non-active laboratories, and should carry air outside the building at a point 
well away from windows or air intakes. Air filters are desirable and provision should be 
made for fitting them at a later date even if they are not required in the first instance. 
Provision should also be made for exhaust sampling. The base of the cupboard should 
be capable of carrying 0.5 kg/cm2 averaged over the whole area.  

 
d) If glove boxes are to be used, each should have its own filter; exhaust air should be fed 

into the main fume cupboard extract duct at a point before the main filters. 
 
e) Uncovered pipework, suspended light fittings, and similar surfaces capable of collecting 

dust and contamination, should be avoided. Pipework on the walls should be kept to a 
minimum. Single electrical conduits, leading to switches or power points at widely spaced 
intervals around the laboratory, are permissible, but where there are several services, the 
pipework should either be chased into the wall or be grouped and enclosed in smooth 
metal, plastics or painted wood ducting. 

 
f) A shielded storage space should be provided to give total volume of about 200 L. The 

dose equivalent rate at any point on the outside surface of the store shall be in accordance 
with the recommendations of Clause 7.1. 

  
g) In laboratories using higher levels of radioactivity in the medium level range, consideration 

should be given to providing delay tanks for collection of effluent before discharge to the 
drains; several tanks may be necessary for holding and diluting the liquid effluent before 
discharge. These tanks should be provided with sampling facilities and surrounded by a 
bund large enough to hold any liquid that may escape from the tanks. Holding tanks should 
be emptied by means of pumps rather than by gravity discharge.  
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h) An area for changing shoes and overalls should be provided separate from the laboratory. 
This area should have coat racks, washbasins, monitoring equipment, and a physical 
barrier such as a low bench at the entrance of the laboratory (see Clause 11.3). 

 
11.7 High level laboratories 
 
High level laboratories are intended specifically for a certain function and need special design 
and planning before construction; rarely can an existing laboratory be modified for the purpose. 

The RPO and the appropriate Authority shall always be consulted at an early planning stage. 
Such laboratories shall preserve the high standard embodied in the features listed in 

Clause 11.6 together with the following: 

 
a) a ventilating system capable of supplying at least 10 changes per hour of filtered air.  All 

air removed from the laboratory shall comply in accordance with appropriate legislation 
and after consultation with RPO; 

 
b) large quantities of gamma emitters need extensive shielding and remote handling 

equipment, and consideration should be given to permissible floor loadings, provision of 
cranes, etc.; 

 
c) facilities for decontaminating apparatus; and 
 
d) provision of warning signs, lights and interlocks, as necessary. 
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Annex A 
(informative) 

 
 

Radiotoxicity classification and radioisotope laboratory grading 
 
 

A.1 Radiotoxicity 
 
Toxicity ratings are generally based on derived air concentration (DAC) of radionuclides. 
Categorization of unsealed sources as listed in the Second Schedule of the Radiation Protection 
(Licensing) Regulations.  
 
 

A.2 Radioisotope Laboratory Grading 
 
Classification of radiotoxicities can be incorporated in a grading system that relates the 
standards of finish and facilities in a laboratory to the amounts of unsealed radioactive materials 
that can be used safely in it. Table A.1 shows laboratory gradings for normal, wet chemical 
operations. Because the potential for radioactive contamination is largely deter- mined by the 
nature of the work (e.g. storage presents a reduced risk, whereas dusty operations increase the 
inhalation hazard), the factors shown in Table A.2 can be applied to modify the grading 
according to the operations performed in the laboratory. 
 
Labelled organic material of special biological importance may be metabolized differently to the 
elemental form, and hence may present a greater hazard than normal. For example, 3H-labelled 
or ' 14C-labelled thymidine is not metabolized but is retained intact by the body. In such cases, 
an additional grading factor of 0.1 should be applied. 
 

Table A.1. Grading of radioisotope laboratories 
 

Radio-
toxicity 
class 

Grade of laboratory for specified levels of activity 

Low level laboratory Medium level laboratory High level laboratory 

Class 1 < 0.4 MBq 0.4 MBq to 40 MBq > 40 MBq 

Class 2 < 40 MBq 40 MBq to 4 GBq > 4 GBq 

Class 3 < 4 GBq 4 GBq to 0.4 TBq > 0.4 TBq 

Class 4 < 0.4 TBq 0.4 TBq to 40 TBq > 40 TBq 

 
NOTE. This table, derived from recommendations of the International Atomic Energy Agency has been 
converted to SI units. 
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Table A.2. Grading factors 
 

Procedure factor Factor 

Simple storage………………………………………………………………… x 100 

Very simple wet operations (e.g. preparation of aliquots of stock 
solutions)………………………………………………………………………. 

x 10 

Normal chemical operations (e.g. analysis of chemical preparations) …. x 1 

Complex wet operations (e.g. multiple operations, or operations with 
complex glass apparatus)……………………………………………………. 

 
x 0.1 

Simple dry operations (e.g. manipulations of powders) and work with 
volatile radioactive compounds ................................................................ 

 
x 0.01 

Complex dry operations (e.g. where powders are likely to become 
airborne) and work with radioactive gases................................................  

 
x 0.001 
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Annex B 
(normative) 

 
 

Annual dose limit 
 

 

B.1 Classes of persons 
 
In the application of annual dose limits, the two classes of persons considered are: 
 
a) radiation workers; and 
 
b) members of the public (this group consists of all persons not included in (a) above). 
 
 

B.2 Dose limitation 
 
The Atomic Energy Licensing (Basic Safety Radiation Protection) Regulations recommends a 
system of dose limitation, the main features of which are as follows: 
 
a) No practice should be adopted unless its introduction is necessary and it produces a 

positive net benefit; 
 

b) All exposures should be kept as low as reasonably achievable, economic and social 
factors being taken into account; and 

 
c) (i) No worker or member of the public shall receive exposures exceeding the annual dose 

limits. (ii) The annual dose limits shall not apply to medical exposure or exposure due to 
natural background radiation. 

 
The Atomic Energy Licensing (Basic Safety Radiation Protection) Regulations do not restrict the 
rate at which any radiation dose is received provided the annual dose limits are not exceeded. 
 
 

B.3 Radiation workers 
 
The annual dose limits for workers shall be as follows: 
 
a) Subject to regulations 11 and 76, the limit on the effective dose for a worker shall be  

20 millisieverts (mSv) in a calendar year, where the maximum effective dose on the worker 
averaged over a period of five consecutive years shall not exceed 20 mSv commencing 
from the time as specified by the appropriate authority.  

 
b) The limit on equivalent dose to the lens of the eye of a worker shall be 150 mSv in a 

calendar year.  
 
c) The limit on equivalent dose to the skin of a worker shall be 500 mSv in a calendar year, 

averaged over an area of one square centimetre, regardless of the area exposed.  
 
d) The limit on equivalent dose to the hands and feet of a worker shall be 500 mSv in a 

calendar year.  



MS 1042-4:2023 

28           © DEPARTMENT OF STANDARDS MALAYSIA 2023 - All rights reserved 

e) When a female worker is confirmed to be pregnant under subregulation 40(9), the fetus 
shall, from the date of the confirmation, be afforded the level of protection so that the dose 
to the fetus shall not exceed 1 mSv for the remaining period of the pregnancy. 

 
f) For the prevention of non-stochastic deterministic (threshold) effects - a dose equivalent 

limit of 5020 mSv per year for all tissues, except for a limit of 150 mSv per year for the 
lens of the eye. 

 
g) To limit the occurrence to an acceptable level of stochastic (non-threshold deterministic) 

effects from uniform whole-body exposure a dose equivalent limit of 50 20 mSv per year. 
 
For the limitation of stochastic effects, the annual dose equivalent received must satisfy the 
following relationship: 
 Σ𝑡𝑊𝑡𝐻𝑡 ≤ 𝐻𝑤𝑏1𝐿 

 
where, 
 𝑊𝑡 is the weighting factor for tissue 𝑡 and represents the proportion of the stochastic risk 
 to tissue 𝑡 to the whole-body risk under uniform irradiation; 
 𝐻𝑡  is the annual dose equivalent received in tissue 𝑡; and 

 𝐻𝑤𝑏1𝐿  is the annual whole body dose equivalent limit, namely 20 mSv. 

 
Weighting factors for individual organs are given in Table B.1. 
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Table B.1. Tissue weighting factor (𝑾𝒕) for various tissues 
 

Tissue or organ 

Tissue 
weighting 

factor 
(𝑾𝒕) 

Gonads 0.20 

Bone marrow (red) 0.12 

Colona 0.12 

Lung 0.12 

Stomach 0.12 

Bladder 0.05 

Breast 0.05 

Liver 0.05 

Oesophagus 0.05 

Thyroid 0.05 

Skin 0.01 

Bone surface 0.01 

Remainderb 0.05 
a The weighting factor for the colon is applied to the mass average of the equivalent 
 does in the walls of the upper and lower large intestine 
 
b  For the purposes of calculation, the remainder is composed of adrenal glands, 

brain, extrathoracic region, small intestine, kidney, muscle, pancreas, spleen, 
thymus and uterus. 

 
 
 
 
In those exceptional cases in which the most exposed remainder tissue receives the highest 
committed equivalent dose of all organs, a weighting factor of 0.025 to the average dose in the 
rest of the tissue or organ. 
 
h) when external and internal exposures are received together, the annual dose limits will 

not be exceeded if both the following conditions are met: 
 

i) 
𝐻𝐼.𝑆500 (𝑚𝑆𝑣)  ≤ 1  

 

ii) 
𝐻𝐼.𝑑 20(𝑚𝑆𝑣)  +  ∑𝐽  𝐾𝑗𝐾𝑗.𝐿  ≤ 1 

where, 
 𝐻𝐼.𝑆  is the annual shallow dose-equivalent index; 
 𝐻𝐼.𝑑  is the annual deep dose-equivalent index; 
 𝐾𝑗𝐾𝑗.𝐿  is the ratio 

𝐼𝑗𝐼𝑗.𝐿 or 
𝐶𝑗𝐶𝑗.𝐿 whichever is applicable; 
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𝐼𝑗  is the annual intake of radionuclide 𝑗; 
 𝐼𝑗.𝐿  is the annual limit on intake for radionuclide 𝑗; 
 𝐶𝑗  is the annual average concentration of radionuclide 𝑗 in air inhaled; and 

 
 𝐶𝑗.𝐿  is the derived air concentration of radionuclide 𝑗 in air. 

 
For organs to which specific weighting factors are not assigned, the carcinogenic risk is assumed 
to be lower and a weighting factor of 0.06 is applicable to each of the five organs of the remainder 
receiving highest dose equivalents. 
 
The weighting factor for the gonads takes into account the risk of hereditary effects in the 
individual’s children and grandchildren. For assessing total population detriment, the risk to all 
subsequent generations, which is considered to be about twice that expressed in the first two 
generations only, per unit dose, should be considered. These weighting factors are to be applied 
to the dose equivalents calculated for individual organs. The sum of weighted dose equivalents 
to organs significantly irradiated must not exceed 20 mSv. 
 
Annual dose equivalent limit for the whole body and DELs for body organs or tissues when 
irradiated singly are shown in Table B.2 In this table the derived annual dose equivalent limit for 
any part of the body listed is taken as the stochastic or deterministic limit, whichever is time 
lower. The higher value is therefore shown in brackets as a reminder that It should not be used 
as the limit in practice. 
 
For example, the weighting factor for the thyroid is given in Table B.1 as 0.05. Therefore, the 
implied limit for the thyroid would be 20/0.05, = 400 mSv, which is not exceeds.  
 
For female radiation workers of reproductive capacity, separate dose equivalent limits are not 
considered necessary on the assumption that the dose is received at an approximately even 
rate and that it is unlikely that a pregnancy would go unrecognized for more than 2 months. 
Where a pregnancy is confirmed, the fetus shall, from the date of the confirmation, be afforded 
the level of protection so that the dose to the fetus shall not exceed 1 mSv for the remaining 
period of the pregnancy. 
 
 

B.4 Members of the public 
 

The Atomic Energy Licensing (Basic Safety Radiation Protection) Regulations points out 
that it is not desirable to expose members of the public to risks as great as those considered 
acceptable for radiation workers and recommends that annual dose limits for members of 
the public should be lower than those for radiation workers. 

 
The annual dose limit for a member of the public shall be: 
 
a) The limit on effective dose for a member of the public shall be 1 mSv in a calendar year. 
 
b) The limit on equivalent dose to the lens of the eye of a member of the public shall be  

15 mSv in a calendar year. 
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c) The limit on equivalent dose to the skin of a member of the public shall be 50 mSv in a 
calendar year, averaged over an area of one square centimetre, regardless of the area 
exposed. 

 
d) The dose limits as specified in sub regulations (1), (2) and (3) shall apply to the average 

dose to the critical group of the population. 
 
e) The limit on effective dose for a person who knowingly assists in the support of a patient 

shall not exceed 5 mSv during the period of diagnostic examination or treatment of the 
patient. 

 
f) A person specified in sub regulation (5) shall not be allowed to continue to assist in the 

support of a patient when he has received the effective dose exceeding the limit of 5 mSv, 
unless the approved registered medical practitioner gives strong clinical justification and 
has reasonable reasons for allowing the person to continue with such support. 

 
g) The limit on effective dose for a person below the age of sixteen years visiting a patient 

undergoing treatment or diagnostic examination involving radioactive material shall not 
exceed 1 mSv during the period of the treatment or examination of the patient. 

 
 

B.5 Dose limit for apprentices and students 
 
The dose limits for apprentices aged between sixteen years and eighteen years who are training 
for employment involving exposure to radiation, and for students aged between sixteen years 
and eighteen years who are required to use radiation source in the course of their studies, shall 
be: 

 
a) an effective dose of 6 mSv in a calendar year; 
 
b) an equivalent dose to the lens of the eye of 50 mSv in a calendar year; 
 
c) an equivalent dose to the hands and feet of 150 mSv in a calendar year; and 
 
d) an equivalent dose to the skin of 150 mSv in a calendar year, averaged over an area of 

one square centimetre, regardless of the area exposed. 
 

Table B.2. Annual dose equivalent limits for radiation workers 
 

Part of body 
Dose equivalent limit, mSv 

Stochastic Deterministic 

Gonads 200 (500) 

Breast 333 (500) 

Red bone marrow 417 (500) 

Lung 417 (500) 

Thyroid (1670) 500 

Bone surfaces (1670) 500 

Lefts - 150 

Other single organ (833) 500 

Skin - 500 

Hands and forearms - 500 
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Feet and ankles - 500 

Whole body 50 (500) 

 
A temporary change in the dose limit requirement for specified workers in special circumstances 
can be apply to the appropriate authority. No temporary change in the dose limit requirement 
shall be made without the prior written approval of the appropriate authority. 
 
 

B.6 Dose limit in special circumstances 
 
A temporary change in the dose limit requirement for specified workers in special circumstances 
can be apply to the appropriate authority. No temporary change in the dose limit requirement 
shall be made without the prior written approval of the appropriate authority. 
 
 

B.7 Emergency exposures 
 
Means a voluntary exposure justified in abnormal conditions for the purpose of bringing help to 
endangered individuals, preventing exposure to a large number of people or saving a valuable 
installation including a nuclear installation, where one or more of the dose limits specified for a 
worker are likely to be exceeded; 
 
 

B.8 Specific limitation of exposure 
 
Planned special exposures or emergency exposures should not be permitted to women of 
reproductive capacity. 
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Annex C 
(normative) 

 
 

Radiation symbol 
 
 

C.1 Description 
 
The radiation symbol shall consist of the three-blade design shown below using the radiation 
caution colours, that is black for the design and yellow for the background. For dimensions, 
refer to First Schedule Atomic Energy Licensing (Basic Safety Radiation Protection) 
Regulations. 
 
 

C.2 Applications 
 
To indicate actual or potential presence of ionising radiation, the symbol shown in Figure C.1 
shall be affixed to storage containers and equipment and shall be displayed at entrances to 
areas and buildings. 

 
 

C.3 Wording 
 
Suitable wording shall be chosen to give adequate warning of the hazard concerned, e.g. 
Bahaya Sinar X, Bahaya Bahan Radioaktif, Awas Sinar X, etc. Such notices shall be in the 
national language or other languages if necessary. 

 
 

Figure C.1. Radiation hazard warning symbol showing proportions 
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Annex D 
(informative) 

 
 

Measurement of ionising radiations 
 

 

D.1 General 
 
Random fluctuations occur in radiation from radioactive sources and are most significant at low 
radiation intensities. These fluctuations, together with the presence of background radiation, 
impose limits on the accuracy obtainable in radiation measurements. 
 
Radiation measuring instruments should be selected so as to be suitable for the intended 
purpose. The following characteristics should be considered for each instrument: 

 
a) Type or types of radiation to be detected. 
 
b) Energy range to be covered. 
 
c) Physical quantity to be measured (count, count rate; exposure, exposure rate; dose, 

dose rate; dose equivalent, dose equivalent rate). 
 
d) Instrument range. 
 
e) Energy dependence. 
 
f) Intensity dependence. 
 
g) Geometrical dependence. 
 
h) Sensitivity. 
 
i) Accuracy. 
 
j) Efficiency. 
 
k) Response time. 
 
l) Sensitivity to extraneous factors (light, radio frequency field, magnetic field). 
 
m) Response to pulsed or continuous radiation. 
 
n) Portability. 
 
o) Power supply. 
 
p) Maintenance. 
 
q) Temperature, humidity, and geotropic dependence. 
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As the detecting device in some instruments may respond differently from human tissue exposed    
to the same radiation, care is needed in interpreting instrument readings. Furthermore, some 
instruments have inherent limitations which an operator should know before using an instrument. 
Some of these limitations are as follows: 

 
a) Saturation and fold back of Geiger counters in high intensity fields. 

 
b) Underestimation when the total detector volume is large in relation to the volume of the 

detector traversed by the radiation. 
 

c) Interference by radio frequency fields. 
 

d) Interference by magnetic fields. 
 

e) Effects of light. 
 

f) Inability to respond correctly to pulsed radiation. 
 

g) Incorrect estimation when the detector is incompatible with the type and energy of 
radiation being detected. 

 
When instruments are first taken into use, the RPO shall ensure that they are tested and 
calibrated by a competent person. Thereafter instruments shall be recalibrated annually. 
Instruments shall be properly maintained; after repair of any defect that could affect their 
accuracy, they shall be retested. Dates and results of all tests and calibrations should be 
recorded and the records kept for two years after the last entry. 
 
Batteries shall be recharged or replaced so as to maintain instruments in a functional condition. 
 
Radiation measurements for monitoring purposes can be divided into five groups, which are 
considered individually below. Information given is intended only as guide and the choice of 
suitable monitoring equipment should be made in consultation with the RPO. 

 

 

D.2 Measurement of personal dose 
 
Whole body external doses may be measured by a personal dosimeter, usually a film badge or 
thermoluminescent dosimeter (TLD) carried on the upper part of the trunk. Such a device if 
appropriately designed will measure doses from beta, X, gamma and slow neutron radiations. 
A special type of film badge is used for measuring fast neutron doses. 
 
The whole-body dose can be assessed by a single personal dosimeter only if the wearer is in a 
uniform and isotropic radiation field. Work close to radiation sources of small dimensions or with 
devices producing narrow beams of radiation, e.g. X-ray crystallography machines, exposes the 
person to very non-uniform fields. In this case it is important to measure the local doses. 
Additional personal dosimeters worn on the wrist, forehead or other parts of the body may be 
useful. Fingertip doses are probably best measured by TLD. 
 
The above types of personal dosimeter may be supplemented with direct reading dosimeters, 
which are useful for measuring high gamma doses and allow continuous  
surveillance of the rate of accumulation of dose. 
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Each personal dosimeter shall be numbered, used by one person only and returned promptly at 
the end of the issue period. In the event of a suspected high dose, arrangements should be 
made with the relevant personal dosimetry service for the particular dosimeter(s) to be 
processed and assessed as quickly as possible. 
 
Personal dosimeters issued to individuals shall be carried on the person. They shall not be used 
to measure the dose in a fixed position, e.g. at a bench; special dosimeter for this purpose shall 
be provided by the RPO. 
 
Personal dosimeters have limitations which restrict their usefulness. The type of personal 
dosimeter in common use may not measure doses from alpha, low energy beta (e.g. from 3H), 
neutrons, low energy X, gamma or pulsed radiations. 
 
 

D.3 Measurement of external radiation 
 
A dose rate meter is the instrument normally used to measure external radiation. Such an 
instrument usually incorporates an ionization chamber, a Geiger tube or scintillation crystal. 
 
Extensive monitoring should be done during and immediately after the installation and testing of 
new apparatus or after alterations to experiments and equipment. Once the pattern of radiation 
from X-ray producing apparatus has been established, subsequent surveys may be less 
detailed. Where sealed or unseated radioactive materials are used surveys should be frequent 
because the materials can be moved and so change the radiation pattern in the area. 
 
Particular problems arise with narrow beam X-ray apparatus, e.g. X-ray diffractometers, 
because the primary beam and beams or sheets of scattered radiation are generally very small 
in cross- section. A small volume, sensitive detector should be used. Photographic methods 
may also be useful to detect presence and extent of the beam. Monitoring of such apparatus 
should be done with great care whenever experimental conditions are changed in any way; 
however trivial these changes may appear to be. High energy machines may present similar 
problems, complicated by the much wider energy spectrum and different types of particles. 
 
Electron microscope and electron diffraction (as distinct from X-ray diffraction) apparatus 
generally present fewer problems. A thorough initial survey when the equipment is installed is 
usually sufficient, additional shielding being added, if necessary, in places where there is a high 
close rate. 
 
 

D.4 Measurement of radioactive contamination on surfaces 
 
The instrument most commonly used to measure radioactive contamination on surfaces is a 
count- rate meter. Such a meter may have a variety of probes. For most work with beta-gamma 
emitters, a probe containing a glass-walled Geiger tube with a wall thickness of about 30 mg/cm2 
is adequate. For some beta emitters, particularly those emitting low-energy particles, such as 
14C and 35S a probe with a thin entrance window is needed. This way be either a Geiger tube 
with a thin mica end window (about 2 mg/cm2 in thickness) or a special scintillation detector. 
There is no satisfactory simple instrument for the direct monitoring of tritium surface 
contamination. 
 
An alpha probe often contains a scintillation detector and is rather delicate as the light-tight 
window is extremely thin and is therefore very liable to damage. 
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Because both alpha particles and low-energy beta particles have very limited ranges in air, the 
detector must be held very close to, but not actually touching, the surface under investigation. 
 
Wipe or smear testing should be used when direct monitoring is inappropriate. Examples of such 
situations are when: 
 
a) monitoring low energy beta-emitting surface contamination e.g. 3H, 14C, 35S; 

 
b) an interfering high radiation background is present; 

 
c) surface to be monitored is inaccessible to the probe of a contamination monitor; 

 
d) direct monitoring underestimates degree of contamination because of self-absorption 

effects; and 
 

e) degree of removable contamination is to be estimated. 
 
In such a test the surface is wiped with absorbent material such as a filter paper or paper tissue 
which is then presented to the appropriate counter for measurement in a region of reasonably 
low background. Normally about 10 percent of removable contamination is assumed to be 
transferred to the paper. Contamination levels may be averaged over 1000 cm2 for floors, 
ceilings and walls, or 300 cm2 for other surfaces. For parts of the body, levels may be averaged 
over an area not exceeding 100 cm2 or, in the case of a hand, over its whole area.  
 
The normal type of contamination monitor can be used for checking hands and clothing 
contamination. Sophisticated fixed instruments are available which according to their design, 
will monitor alpha or beta/gamma contamination separately or simultaneously, on hands, 
footwear or clothing. 
 
 

D.5 Measurement of airborne radioactive contamination 
 
Airborne radioactive contamination may be gaseous or particulate in nature. 
 
A common method of measuring gaseous contamination is to draw a sample of contaminated 
air into a container and to measure the activity of the sample. An alternative method, applicable 
in some circumstances, is to trap a sample of the radioactive gas in, or on, an appropriate 
material and to measure the activity of the sample. 
 
A common method of measuring particulate contamination is to draw a known volume of 
contaminated air (generally several hundred litres) through a filter and to measure activity of the 
sample. 
 
If an air sample is to be representative of air breathed by a worker, it should be drawn from the 
breathing zone (i.e. near the face). 
 
Care is needed when interpreting air monitoring measurements. An air sampler which is only a 
particle collector does not normally collect gases or vapours. Naturally occurring gases radon 
and thoron decay to solid daughter products which will be collected on a filter and may interfere 
with the measurement. The effective half-life of radon daughter products is, however, only about 
half an hour, so if the sample filter is measured a few hours after collection of the sample, the 
natural activity will have decayed sufficiently to permit assessment of longer-lived contamination. 
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D.6 Measurement of radioactive contamination in liquids 
 
Activity of liquids can be measured by: 
 

a) placing a suitable detector in the liquid; 
 

b) placing a sample of the liquid in a counter (liquid scintillation, Geiger counter or gamma 
spectrometer); or 

 
c) counting the residue remaining after a liquid sample has been evaporated to dryness. 
 
NOTE. Method a) is volume-dependent and requires extensive calibration. Method b) may require 
acquisition of additional equipment.  

 

Method c) is generally recommended as stated below: 
 
Low specific activity liquid that is miscible with water should be discharged into the drains through 
sinks connected by continuous plumbing to the sewerage system. Aqueous waste disposed of in 
this manner shall be diluted by quantities of water from the establishment so that the Licencing 
Authority requirements are met. As much as practicable of the required dilution should be 
achieved at the point of user disposal.  
 
Drains used for disposing of aqueous radioactive waste shall be clearly and permanently labelled, 
and should not connect to non-radioactive waste lines until outside the building.  
 
Volatile liquids, liquids immiscible with water, and high specific activity liquid waste shall be 
collected in labelled glass or polyethylene carboys. Organic liquid waste should be collected in 
separate containers from aqueous waste.  
 
If acceptable to the relevant Licencing Authorities, liquid scintillation waste may be incinerated.  
 
If plastics vials are used, organic solvents tend to diffuse through the plastics with significant 
solvent loss within a few days. This can give rise to inhalation and fire danger and should be 
avoided by prompt counting and disposal. The use of glass vials with plastics caps and disposal 
by incineration in an approved incinerator is much to be preferred. Glass vials with metal caps 
might present an explosion hazard in an incinerator.  
 
Liquid waste containing radioactive materials of long half-life or high radiotoxicity shall be 
disposed of in a manner approved by the RPO and the appropriate Licencing Authority. 
Treatment by precipitation, concentration or some other method may allow the resultant solids to 
be disposed of as solid waste and the remaining liquor as low specific activity liquid waste.  
 
If delay tanks are used to collect liquid effluent before discharge to the drains, mixing and dilution 
of the contents of individual tanks should be carried out before sampling. Tanks should not be 
discharged to the drains until measurements show that Licencing Authority regulations shall not 
be exceeded, Discharge to the drains by pumping is recommended in order to reduce the 
possibility of unintentionally releasing the contents.  
 
In general, it is only from high level laboratories that liquid effluent need be regularly monitored. 
Continuous flow methods have been developed for monitoring liquids, but are unlikely to be 
appropriate to most laboratories. For many radionuclides the simplest method is to sample the 
effluent, evaporate to dryness and then measure the residue in conventional counting equipment. 



MS 1042-4:2023 

© DEPARTMENT OF STANDARDS MALAYSIA 2023 - All rights reserved 39 

Bibliography 
 
 
[1] AS/NZS 2243.8:2014, Safety in laboratories, Part 8: Fume cupboards 

 
[2] AS 1319:1994, Rules for the design and use of safety signs for the occupational 

environment 
 
[3] Atomic Energy Licensing Radioactive Waste Management Regulations 2011 

 
[4] International Atomic Energy Agency, Decommissioning of nuclear power plants, 

research reactors and other nuclear fuel cycle facilities, IAEA Safety Standards Series 
No. SSG-47, IAEA, Vienna 2018 
 

[5] International Atomic Energy Agency, Disposal of radioactive waste, IAEA Safety 
Standards Series No. SSR-5, IAEA, Vienna 2011 
 

[6] International Atomic Energy Agency, Radiological aspects of non-fixed contamination of 
packages and conveyances, IAEA-TECDOC-1449, IAEA, Vienna 2005 
 

[7] International Commission on Radiological Protection, Data for protection against ionizing 
radiation from external sources: Supplement to ICRP Publication 15. ICRP Publication 
21. Pergamon Press, Oxford 1973 
 

[8] International Commission on Radiological Protection, Recommendations of the ICRP. 
ICRP Publication 26. Ann. ICRP 1 (3).1977 
 

[9] International Commission on Radiological Protection, 1990 recommendations of the 
international commission on radiological protection. ICRP Publication 60. Ann. ICRP 21 
(1-3).1991 
 

[10] Guide For Handling Radioactive Materials in Science Studies in Secondary Schools. , 
LEM/TEK/23 Sem.1, 2021 
 

[11] Radiation Protection Program Preparation Guide , LEM/TEK/45 Sem.3, 2021 
 

 

 

 

 

 

 



  

© DEPARTMENT OF STANDARDS MALAYSIA 2023 - All rights reserved 

Acknowledgements 
 
 
Members of Technical Committee on Safety in Laboratories (NSC 23/TC 4) 
 
Ms Marhayani Md Saad (Chairperson) Malaysian Institute of Chemistry 
Mr Feris Frederick/ 
Ms Nurul Husna Mahazar (Secretary) 

Department of Standard Malaysia 

Ms Siti Saleha Sofian Suri/ 
Mr Muhammad Zul Azri Muhammad Jamil 

Atomic Energy Licensing Board 

Mr Ulah Anak Anggat Department of Agriculture Malaysia 
Mr Aidil Fahmi Shadan Department of Chemistry Malaysia   
Ms Katrina Ann Gumal Department of Occupational Safety and 

Health  
Dr Rozainanee Mohd Zain Institute of Medical Research 
Mr Koh Yew Ming Malaysian Industrial Hygiene Association 
Mr Norhafsam Maghpor National Institute of Occupational Safety and 

Health 
Ms Nor Izyani Hanafi National Pharmaceutical Regulatory Agency 
Assoc Prof Dr Darfizzi Derawi Universiti Kebangsaan Malaysia 
  
Co-opted members  
Ts Dr Mohd Idzat Idris Universiti Kebangsaan Malaysia 
 



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
© Copyright 2023 
All rights reserved. No part of this publication may be reproduced or utilised in any form or by any 
means, electronic or mechanical, including photocopying and microfilm, without permission in writing 
from the Department of Standards Malaysia. 


