MALAYSIAN MS 1042-2:2023
STANDARD

Safety in laboratories - Code of practice -
Part 2: Chemical aspects
(Second revision)

ICS: 71.040.10

Descriptors: code of practice, safety, laboratory, chemical aspects

© Copyright 2023
DEPARTMENT OF STANDARDS MALAYSIA




DEVELOPMENT OF MALAYSIAN STANDARDS

The Department of Standards Malaysia is the national standards and accreditation body of Malaysia.

The main function of the Department of Standards Malaysia is to foster and promote standards,
standardisation and accreditation as a means of advancing the national economy, promoting industrial
efficiency and development, benefitting the health and safety of the public, protecting the consumers,
facilitating domestic and international trade and furthering international cooperation in relation to
standards and standardisation. The use of Malaysian Standards is voluntary except in so far as they
are made mandatory by regulatory authorities by means of regulations, local by-laws or any other similar

ways.

Malaysian Standards are developed through consensus by committees which comprise balanced
representation of producers, users, consumers and others with relevant interests, as may be
appropriate to the subject at hand. The development of a standard as a Malaysian Standard is governed
by the Standards of Malaysia Act 1996 [Act 549]. Section 18A of the act stipulated that, all Malaysian
Standards are owned by the Government of Malaysia and no part of a Malaysian Standard can be
reproduced in any form without the written permission of the Director General.

For further information on Malaysian Standards, please contact:

Department of Standards Malaysia
Level 4 — 7, Tower 2, Menara Cyber Axis
Jalan Impact, Cyber 6

63000 Cyberjaya

Selangor Darul Ehsan

MALAYSIA

Tel: 60 3 8008 2900

Fax: 60 3 8008 2901
http://www.jsm.gov.my
E-mail: central@jsm.gov.my



Contents

Page
Committee repreSENTALioON ..........c.ei i e ii
o1 (1Yo (o FO ST P P TOP PR iii
S To o) o - S 1
2 NOIMALIVE rEfEIENCES ... .eeiii et e e e 1
3 Terms and defiNitiONS .......ooo i 1
4 Hazard ClassifiCation ...........ooiiiiiii e 2
5 Planning for chemical SAfety .........ooiiiiiiiii e 2
6 Chemical safety management ..........cooiiiiii e 3
7 Safe use of chemical SUDSTANCES ......oouviiiiiiiii e 16
Annex A NOrmative refereNCeS. ... 31
Annex B Hazard classifiCation ...........cueeiiiiiiii e 32
Annex C  Label for chemiCal Wastes .........ccoiiiiiiiiiiiii s 34
Annex D The use of absorbent materials and spill Kits .........ccccceeiieiniiiinin e, 36
Annex E  Handling of cryogenic flUidS .........ccooeiriiiiiiiii e 37
Annex F Examples of commonly used highly flammable chemicals............ccccooviiiiinnnns 46

Annex G Hazardous properties associated with commonly used highly reactive chemicals 48

Annex H Hazardous properties associated with commonly used toxic chemicals................ 50
Annex |  Hazardous properties associated with commonly used corrosive substances...... 53
Annex J Hazardous properties associated with commonly used unstable substances....... 55
Annex K Hazards associated with the use of perchloric acid............occcceiiieiiiiiiies 57
1= o] [ToTe =T o o |V PR 61

© DEPARTMENT OF STANDARDS MALAYSIA 2023 - All rights reserved i



MS 1042-2:2023

Committee representation

The National Standards Committee on Occupational Safety and Health (NSC 23) under whose authority this
Malaysian Standard was developed, comprises representatives from the following organisations:

Chemical Industries Council of Malaysia
Construction Industry Development Board Malaysia
Department of Chemistry Malaysia

Department of Occupational Safety and Health Malaysia
Department of Standards Malaysia (Secretariat)
Federation of Malaysian Manufacturers

Malaysian Employers Federation

Malaysian Society of Occupational Safety and Health
Malaysian Trades Union Congress

Minerals and Geoscience Department Malaysia
Ministry of Health Malaysia

Ministry of Investment, Trade and Industry

National Institute of Occupational Safety and Health
SIRIM QAS International Sdn Bhd

Social Security Organisation

The Institution of Engineers, Malaysia

The Technical Committee on Safety in Laboratories (NSC 23/TC 4) which developed this Malaysian Standard consists
of representatives from the following organisations:

Atomic Energy Licensing Board

Department of Agriculture

Department of Chemistry Malaysia

Department of Standards Malaysia (Secretariat)
Department of Occupational Safety and Health
Institute of Medical Research

Malaysian Institute of Chemistry

Malaysian Nuclear Agency

National Institute of Occupational Safety and Health
National Pharmaceutical Regulatory Agency
Universiti Kebangsaan Malaysia

ii © DEPARTMENT OF STANDARDS MALAYSIA 2023 - All rights reserved



MS 1042-2:2023

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).

This second edition of MS 1042 cancels and replaces MS 1042: Part 2:2009, Code of practice
for safety inlaboratories - Part 2: Chemical which has been technically revised.

Major modification in this revision are as follows:
a)  updating the relevant acts and regulations that are being referred to in this standard; and

b) references to other standard publications and literatures and these are listed in
Annex A 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: lonising radiations

Part 5: Non-ionising radiations - Electromagnetic, sound and ultrasound’
Part 6: Plant and equipment aspects

Part 7: Fume cupboards

Part 8: Recirculating fume cabinet’

Part 9: Storage of chemicals

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

"To be develop
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Safety in laboratories - Code of practice - Part 2: Chemical aspects
(Second revision)

1 Scope

This Malaysian Standard sets out requirements and recommended procedures for safe working
practices in the handling of chemicals in laboratories particularly for handling flammable, toxic,
corrosive, unstable and highly reactive chemicals and makes reference to the handling of
compressed and liquefied gases. The standard also includes information on hazards
associated with the handling of chemicals in laboratories.

This document is intended to be used in conjunction with MS 1042: Part 1, which provides
requirements and recommendations on matters common to all types of laboratory work. If the
requirements of any part of this document conflicts with any Malaysian regulations (Federal or
State), the appropriate statutory regulations shall apply.

2 Normative references

Refer to Annex A.

3 Terms and definitions

For the purpose of this document, the definitions given in MS 1042: Part 1 and Industry Code
of Practice on Chemicals Classification and Hazard and the following apply.

3.1
auto-ignition temperature
lowest temperature at which a vapour will spontaneously catch fire in air

3.2

bund

embankment of earth, or a wall of brick, stone, concrete or other material which may form part
or all of the perimeter of a room or compound, and which is sufficiently impervious to retain
spillage and to enable recovery of any such spillages

3.3

chemical health risk assessment

overall process of estimating the magnitude of health risk and deciding what actions will be
taken

34
flammable gas
gas that has a flammable range with air at 20 °C and at a standard pressure of 101.3 kPa

3.5

flammable liquid
liquid having a flash point of not more than 60 °C
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3.6
flammable solid
solid which is readily combustible, or can cause, or contribute to, fire through friction

NOTE. Readily combustible solids are powdered, granular, or pasty substances which are dangerous if
they can be easily ignited by brief contact with an ignition source, such as a burning match, and if the
flame spreads rapidly

3.7

pyrophoric liquids

liquid substance or mixture which, even in small quantities, is liable to ignite within five minutes
after coming into contact with air

3.8

pyrophoric solids

solid substance or mixture which, even in small quantities, is liable to ignite within five minutes
after coming into contact with air

3.9

safety data sheet on chemicals

document that describes the properties and uses of a material, namely the identity, chemical
and physical properties, health hazard information, precautions for use and safe handling
information

NOTE. The information in a Safety Data Sheet should contain all the elements required for the Chemical
Safety Data Sheet as specified in the Occupational Safety and Health (Classification, Labelling and Safety
Data Sheet of Hazardous Chemicals) Regulations. A supplier of chemicals should provide current Safety
Data Sheet in accordance to the Occupational Safety and Health (Classification, Labelling and Safety
Data Sheet of Hazardous Chemicals) Regulations

3.10

substances that emit flammable gases when in contact with water

Substances or mixtures which, in contact with water, emit flammable gases. Solid or liquid
substances or mixtures which, by interaction with water, are liable to become spontaneously
flammable or to give off flammable gases in dangerous quantities

4 Hazard classification
Hazards can be classified into three types which are physical, health and environmental (refer
to Annex B).

5 Planning for chemical safety

The best basis for planning safety into a laboratory function or design is to consider in advance
the consequences of every action.

When designing a laboratory in which chemicals are to be used, risk assessment and hazard

and operability studies should be carried out to provide information to be used when addressing
the following aspects of specific relevance to chemical laboratories:

2 © DEPARTMENT OF STANDARDS MALAYSIA 2028 - All rights reserved
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a) exposure control;

b) ventilation;

c) storage requirements;

d) movement of chemicals;

e) waste treatment;

f) emergency management; and
o)) provision of safety equipment.

For detailed information on the design of laboratories and storage facilities, standards such as
AS/NZS 2982, AS/NZS 2243.10 and AS 4332 should be consulted.

Subsequent reviews of the risk assessment and Chemical Health Risk Assessment (CHRA)
Occupational Safety and Health (Use and Standards of Exposure of Chemicals Hazardous to
Health, Regulations) study findings should be undertaken regularly for existing operations and
whenever new chemicals are introduced.

Safety provisions should be incorporated when installing instruments which emit hazardous
substances. Such safety provisions include the following:

a) A well-ventilated area of the laboratory should be provided for the installation of
spectrophotometers which can emit ozone.

b) Shielding should be provided from gas chromatographic detectors which contain
radioactive sources, e.g. helium ionisation and electron capture detectors, and from the
effluent from splitters or detectors.

C) Ducting to the atmosphere should be provided for atomic absorption and emission
spectrometers.

6 Chemical safety management
6.1 General

In addition to the laboratory safety and emergency procedures specified in MS 1042: Part 1,
procedures shall be implemented to ensure the following:

a) Laboratory personnel are not exposed to concentrations of hazardous substances
greaterthan the lowest practically achievable level and in any case less than the
maximum exposure standard.

b) Procedures are established to review and record the health and safety of personnel
working within the laboratory and to detect any effects of exposure to chemicals.

C) Risk assessments of all operations are carried out and reviewed periodically.
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d) Risk assessments are updated when new chemicals or methods are introduced into the
laboratory and safety procedures are modified if necessary.

e) Chemicals used in laboratory shall be identified and recorded in chemical registry. A
laboratory chemical registry shall be maintained in good order and condition and be
updated from time to time. The information in the registry includes:

i) names and the average quantity of all chemical hazardous to health used,
produced and stored;

ii) process and work area where the chemicals are used;
iii) name and address of the suppliers, and
iv)  hazard information in the form of Safety Data Sheet.

f) A procedure is provided for the collection, storage and disposal of chemical wastes from
the laboratory.

6.2 Management system components
6.2.1 General

In addition to the requirements in MS 1042: Part 1, the key procedures in 6.2.2 to 6.2.8 shall
be implemented.

NOTE. For any particular laboratory, there may be additional procedures necessary to cover specific
functions of that laboratory.

6.2.2 Chemical safety information

There is a wide range of safety information available in reference books, Safety Data Sheet
and other sources. Care needs to be taken to ensure that information is from reliable and
authoritative sources. The information shall relate to the way the chemical is used. Safety Data
Sheet are most relevant for the use of chemicals in isolation. Where chemicals are to bemixed,
information other than the Safety Data Sheet will be required, e.g. specific reactivities.

NOTES:

1. Occupational Safety and Health (Use and Standards of Exposure of Chemicals Hazardous to
Health) Regulations require CSDSs to be available.

2. Safety Data Sheets provide information about the general hazards and use of a product. This
information needs to be interpreted for use in the laboratory as products are mixed, reacted, form
intermediates or end products and may be used at a scale that may impact risk control measures.

The outcome of the risk assessment conducted for the work shall be readily accessible,
reviewed and considered before chemicals are used (see 6.3.1).

Safety information shall be readily accessible in the work area. This information could include
the type of hazard, treatment required for spills, burns and other injuries, proper storage
procedures, safe handling and correct labelling. Information should be accessible and
understandable to personnel involved in activities using chemicals.
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6.2.3 Security

Chemicals such as controlled substances, drugs, poisons and radioactive substances shall be
used and stored so that they do not present a risk to persons in the vicinity and are secure
against theft or unauthorised tampering.

6.2.4 Storage and handling of chemicals

The storage of all chemicals in the laboratory shall comply with Malaysian regulations (Federal
or State) and be in accordance with MS 1042: Part 1.

Provisions shall be made for safe movement of chemicals and samples, e.g. trolleys and
sample racks.

NOTE. Consideration should be given to the type and design of trolleys, e.g. the use of lockable wheels
on trolleys.

6.2.5 Maintenance of laboratory services and cleaning of laboratories

Maintenance and cleaning staff shall be familiarised with the hazards associated with the area
to be serviced or cleaned and relevant emergency procedures prior to working in that area,
e.g. by a safety induction. Particular hazards, such as condensation products in fume cupboard
ducts and the presence of flammable or toxic materials in the vicinity of the work area, shall be
pointed out by the laboratory supervisor.

Maintenance and cleaning shall not be carried out without proper authorisation. Such
operations shall not introduce or contribute to the hazards in the laboratory. Where possible,
the dangerous materials shall be removed from the work area before maintenance or cleaning
commences.

The following requirements apply to maintenance and cleaning operations carried out by non-
laboratory personnel:

a) Maintenance and cleaning staff shall wear personal protective equipment (PPE) suitable
for the hazard.

b) Where work areas can be isolated, maintenance and cleaning staff shall be familiarised
with procedures for determining the access status of the area.

c) Maintenance and cleaning staff shall not dispose of hazardous laboratory wastes.

d) Cleaning staff shall not clean benches and the area above bench height without prior
instructions.

In addition, the following guidelines are recommended:

a) Cleaning staff should not interfere with the operation of laboratory apparatus. Designated
power points in the laboratory should be allocated for cleaning equipment.

b) Where cleaning work is to be carried out outside normal working hours, the contact
details of a designated person should be accessible to cleaning staff.
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6.2.6 Health surveillance

Health surveillance is required to be conducted to high-risk employees by an employer based
on result of chemical health risk assessment. Health surveillance means any examination or
investigation, which may be necessary to detect exposure levels and early biological effects
and responses, and includes biological monitoring, medical surveillance, enquiry about
symptoms and review of records and occupational history. Medical surveillance is the
monitoring of an individual worker for purpose of identifying changes in health status due to
occupational exposure to chemical hazardous to health. Judgment as to whether the health
surveillance needs to include medical surveillance forms part of the assessment procedure.

Employees, who are in high-risk exposure to any chemicals/group of chemicals listed in
Schedule Il of Occupational Safety and Health (Use and Standards of Exposure of Chemicals
Hazardous to Health) Regulation, shall undertake a medical surveillance which is carried out
by Occupational Health Doctor.

6.2.7 Personal protective equipment

Personal protective equipment includes respiratory protective equipment, protective clothing
and footwear, equipment to protect the face, eyes and hands, and equipment to prevent an
accumulation of static electricity, e.g. anti-static footwear.

Personal protective equipment provided should be approved by Director General of DOSH. The
use of approved personal protective equipment shall be used as the last resort, as an interim
measure or as to complementary measure to other preferred control measure. The employer
shall establish and implement procedures on the issuance, maintenance, inspection and
training in the use approved personal protective equipment.

The approved personal protective equipment provided to employee shall be:

suitable to the type of work in which they are employed;

a) fit the employees;

b) not adversely affect the health or medical condition of the employees; and

c) be in sufficient supply and readily available.

Where personal protective equipment is issued, adequate training shall be provided to all users.
The equipment shall be maintained in an effective working condition in accordance with the
relevant standard or the manufacturer’s instructions (see also MS 1042: Part 1).

6.2.8 Laboratory chemical wastes

6.2.8.1 General

Clauses 6.2.8.2 to 6.2.8.4 consider aspects of handling laboratory chemical wastes. For the
disposal of other types of laboratory waste, refer to MS 1042: Part 1.

6 © DEPARTMENT OF STANDARDS MALAYSIA 2028 - All rights reserved
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6.2.8.2 Collection, handling and storage

All laboratory wastes shall be collected, labelled, stored and disposed in accordance with
accepted safe procedures and appropriate legislation Environmental Quality (Scheduled
Wastes) Regulations.

Waste chemicals shall only be handled using suitable containers that are prominently labelled
as to the type of waste contained. Containers may need to be prepared by decontamination
prior to use. Waste chemicals shall be checked for storage compatibility and, if necessary,
separate storage containers shall be provided (e.g. chloroform and acetone are incompatible
especially in the presence of a base). Waste can contain chemicals that degrade on storage
and can become more hazardous, e.g. build up pressure or become explosive. Such wastes
shall be identified and managed appropriately.

When transferring flammable liquid wastes from one vessel to another, earthing should be
provided to eliminate static electricity discharges. Good ventilation should be provided in the
transfer area and all sources of ignition should have been removed.

Chemical wastes should be divided into aqueous solutions, solutions containing heavy metals,
water-insoluble waste, chlorinated solvents and peroxides. Further division into particular types
of compounds, e.g. cyanides, explosive materials or asbestos, may be necessary. Mutually
reactive wastes shall not be stored together. Materials for disposal that are likely to have formed
peroxides shall be assessed and handled appropriately before they leave the laboratory.

Containers of chemical wastes shall be stored in a well-ventilated area convenient to transport.
A storage area for large volumes of collected waste should provide fume protection, fire
protection and bunding.

6.2.8.3 Labelling of laboratory chemical waste

Categories of waste from the laboratory shall be properly segregated for temporary
accumulation and storage as well as for transportation and disposal. Accordingly, all waste
shall be properly labelled before being moved from the laboratory into the disposal sequence.
Guidelines on the wording on labelling of waste (Environmental Quality (Scheduled Wastes)
Regulations) may be available from the appropriate government agency. Where this is not
specified, the following are recommended as minimum information to be included on the label:
a) The dangerous goods class and subsidiary risk labels where applicable.

b) Substance name or correct shipping name for single component waste.

c) United Nations (UN) number, or Chemical Abstract Service (CAS) number where
applicable.

d) Where possible for compatible mixed component waste, list the major ingredients and
formulation.

e) Where necessary, provide warnings if special procedures are required to control
emergency situations or to prevent life threatening human exposures.

Where mixed waste products are packaged together, the above information should be based
on the major component or the component which constitutes the main risk.
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The label shall be firmly secured to the container and remain in place until the container is
cleaned and free of the substance, or it reaches its final disposal point. Where possible,
the label should be resistant to degradation and positioned away from container openings. The
lettering of the label shall be durable and of a size and style which is legible.

NOTE. Annex C provides an example of a suitable label for waste containers.
6.2.8.4 Disposal

Waste minimisation, should be practised where practical. This includes the return of unwanted
chemicals and containers to the supplier or agent.

Disposal of waste as listed in the Environmental Quality (Scheduled Wastes) Regulations as in
accordance with the requirement of the regulation.

NOTE. Relevant authorities should be consulted on the correct method for placing this material into
storage or for its disposal.

Recycling of scheduled wastes shall be in the prescribed facility licensed by Department of
Environment.

Transportation of scheduled wastes shall be carried out by transporters licensed by Department
of Environment.

6.3 Chemical safety practices
6.3.1 Principles of protection
6.3.1.1 General

Work shall be planned and executed to eliminate or minimise production of fumes, mists and
dusts in the work area and to minimise the potential for incidents, e.g. fire or explosion.

6.3.1.2 Hazard identification, risk assessment and control process
This process should be based on at least the following:

a) identification of the hazards posed by each chemical used, stored, handled or
transported within the place of work and the proposed handling methods. Consideration
should be taking of the chemical’s effects on people and its physicochemical properties.
Appropriate sources of safety information, such as Safety Data Sheet, should be
consulted;

b) assessment of the risks arising from the use of hazardous chemicals in the workplace
should be conducted. Risk will be associated with both:

i) the potential for exposure that can cause adverse health effects; and

NOTE. The routes by which the chemical can enter or interact with the body need to be
considered.

ii) the potential for dangerous occurrences, e.g. fire, due to physicochemical
properties.

8 © DEPARTMENT OF STANDARDS MALAYSIA 2028 - All rights reserved
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c) evaluation of the severity or degree of risk and adequacy of existing control measures;
d) selection and application of control measures to either eliminate or minimise risks; and

e) assessment of the level of training suitable for personnel who handle or may be exposed
to the chemicals.

6.3.1.3 Control measures

No situation should be allowed to continue where exposure is expected to be greater than the
exposure standard or where exposures are likely to cause adverse health effects, injuries or
illness. At all times, operations should be conducted in such a way that exposure or the risk of
an incident (e.g. fire or explosion) is as low as reasonable and practicable.

There are numerous effective measures available to control the risks associated with the use
of chemicals. The controls chosen shall be suitable for, and compatible with, the chemicals and
handling methods used.

General safeguards include the following:

a) elimination or substitution of the hazard, e.g. use of a different process or use of a
different chemical;

b) engineering controls such as isolation (e.g. handle the chemical within a closed system)
or ventilation (e.g. use volatile chemicals within a fume cupboard or under local exhaust
ventilation);

c) administrative controls such as minimising the time spent using chemicals or
documenting and implementing handling procedures (e.g. standard operating
procedures and standard test methods); and

d) personal protective equipment (PPE). The least effective control measure is the use of
PPE. However, it should be noted that the use safety glasses, laboratory coats and the
like are generally used as a ‘universal’ secondary control measure.

When applying these controls, appropriate protocols should be developed, documented,
implemented and reviewed to ensure their effectiveness.

6.3.2 Environmental considerations
The following requirements shall be observed to minimise hazards in a laboratory:

Work shall be planned and executed to eliminate or minimise vapours, fume, dust or mist in the
work area.

a) The appropriate sources of safety information shall be consulted before commencing
work involving the use of or production of toxic volatile substances.

NOTE. The sense of smell should not be used as a substitute for safe working procedures or as
a method ofmonitoring chemical vapours.
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b)

The use of chemicals in an area with restricted or low ventilation shall be avoided or
conducted with appropriate monitoring as it can result in an oxygen-depleted or
hazardous atmosphere.

Self-contained breathing apparatus shall only be used by personnel trained in its use.

NOTE. Cartridge and canister respirators are limited in performance as their effectiveness depends
on time and the type and concentration of substances to which they are exposed. Cartridge and
canister-type respirators provide no protection in oxygen-deficient atmospheres (see AS/NZS 1715
and AS/NZS 1716).

Where a process requires the continued (day-to-day) use of respirators, the process shall
be modified to minimise, or possibly eliminate the respiratory hazard.

As the discharge of materials to ducts and drains can cause corrosion and a build-up of
potentially dangerous products in the piping system, such discharges shall be minimised.
The disposal of material into ducts or drains shall be in compliance with National, State
or Territory environmental legislation. If permissible contamination limits are likely to be
infringed, preventive measures such as dilution of contaminants or rendering the toxic
substances harmless, shall be taken.

6.3.3 Requirements for safe conduct and good housekeeping

6.3.3.1 Safe conduct

Safety in the laboratory depends upon personnel achieving a recognised standard of
behaviour. Personnel who have medical conditions that can affect their ability to work safely
within the laboratory’s procedures, or that can contribute to increasing the hazardous nature
of the situation should report this to the appropriate person. The following recommendations
apply to all personnel who work in or enter the laboratory.

10

Do not adopt a casual attitude in the laboratory and always be conscious of the potential
hazards.

Do not run in the laboratory or along corridors.
Do not indulge in reckless behaviour in the laboratory.

Always exercise care when opening and closing doors and entering or leaving the
laboratory.

Do not handle, store or consume food or drink in the laboratory.
Do not store food or drink in a refrigerator, which is used to store laboratory materials.
Do not smoke within the laboratory area.

Ensure that personal clothing is suitable to laboratory conditions, e.g. non-slip, closed-in
footwear. Do not wear open-toed shoes in the laboratory.

Always wear eye protection when in the laboratory area.
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Use protective clothing and devices appropriate to the type of operation being carried
out, giving due consideration to the work being carried out in the vicinity.

Wash skin areas, which come in contact with chemicals, irrespective of concentration.
Regard all substances as hazardous unless there is definite information to the contrary.

Do not undertake any work unless the potential hazards of the operation are known as
precisely as possible, and the appropriate safety precautions are adopted.

Do not carry out hazardous work in isolation in a laboratory; ensure that at least a second
person is within call (see also Clause 15.5 in MS 1042: Part 1).

Always use safety carriers for transporting chemicals in glass or plastic containers with
a capacity of 2 L or greater. Never carry containers of mutually reactive substances at
the same time.

Take additional care when carrying any potentially hazardous substance.

Do not store mutually reactive substances in the same area.

Keep only the minimum required quantities of hazardous substances in the laboratory
work area.

Clean up spills immediately.

Dispose of specialised wastes (e.g. broken glassware, mercury waste, biological and
radioactive substances) in containers reserved for the particular type of waste.

Always use an appropriate fume cupboard (see Clause 21.1, 21.2 in MS 1042: Part 1 or
AS/NZS 2243.8) when working with toxic, volatile or odoriferous substances.

Keep all fire escape routes completely clear at all times.
Label all safety equipment and maintain it in good operating condition. Check and inspect
safety equipment for correct operation in accordance with the manufacturer’s instructions

and report, in writing, any requirement for maintenance.

Ensure that all safety equipment remains accessible to the laboratory personnel at all
times.

Keep safety information and emergency procedures prominently displayed at all times in
each laboratory. Include in the safety information, the telephone numbers of:

i) BOMBA,;

ii) ambulance;

iii) safety officer;
iv)  security officer;

V) hospital;
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vi)  police; and

vii)  incident officer

6.3.3.2 Good housekeeping

The following recommendations apply to good housekeeping practices in the laboratory.

6.4

6.4.1

Keep benches, shelves and cupboards clean and tidy.

Clean up after each stage of an operation. Rinse any apparatus which has contained
harmful chemicals before final cleaning.

Return all reagents, equipment and glassware not in use to their proper place in a clean
condition.

Clean up spilt material immediately, using a procedure suitable for that particular
substance, to avoid the potential hazards resulting from corrosiveness, fumes,
slipperiness, reactivity, toxicity or flammability.

Clearly and permanently label all chemical containers.

Immediately clean down reagent bottles where the contents have been spilled down the
sides. Ensure that the material used to clean the spill does not react with the spilled
substance.

Do not return ‘used’ chemicals to reagent jars.

Do not store in the laboratory work area quantities of hazardous substances greater than
those required for the efficient operation of the laboratory.

Dispose of solvent wastes as soon as practicable. Do not allow wastes to accumulate so
that they become a potential hazard.

Collect chemical wastes and remove them from the work area. Store them in safe area.
Dispose of broken glassware by using a container reserved for the purpose.

Keep chemical containers closed, especially when not in use to avoid unnecessary
exposure.

Spill management

General

Every effort shall be made to prevent leaks or spills, and to control them if they occur (e.g.
through use of secondary containment). Where a spill occurs, clean up shall be initiated
immediately. The response for a spill in the laboratory will depend upon the hazard (toxicity,
corrosivity, flammability) of the material and the volume. Possible consequences of the spill
such as environmental pollution and cross-contamination shall be included in the assessment
of the hazard from the spill.

12
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A low hazard, low volatility material may be cleaned up with a paper towel. A spill of a large
volume of high hazard material or high volatility material can require clean-up personnel to wear
protective clothing and respiratory protection.

6.4.2 Planning

Planning for the control of a spill within the laboratory involves teaching staff the correct
response to accidents, the provision of written instructions and suitable equipment for clean-
up, and availability of those sources of information that will help a trained clean-up group to
select the correct approach for a particular circumstance. Review the outcome of the spill
assessment by taking into account relevant information in Safety Data Sheet, legislation and
other reference materials. At every occurrence of a leak or spill, the emergency plan shall be
implemented and consideration shall be given to notify the emergency services.

6.4.3 Chemical spill response

Although the nature of a spill or release is often unique, the following basic response
procedures are recommended:

All personnel shall learn the basic procedure for the management of laboratory spills.
a) Notify fellow workers and the lab supervisor and evacuate the immediate area.
b) Keep non-protected and non-related personnel away.

c) Notify the site’s Emergency Response Team, Security and Medical Personnel.

d) Follow the instructions of the site’s Emergency Response Plan and/or Exposure Control
Plan:

i) if the area is under negative pressure relative to surrounding areas, allow at least
30 min for aerosols to settle or be removed by the ventilation system; and

ii) if the area is not under negative pressure with respect to surrounding areas, then
decontamination should take place as soon as possible.

e) Wear PPE and proceed with spill decontamination and clean-up; workers who will be
remaining to perform decontamination and clean-up shall wear, at a minimum:

i) along-sleeved of spunbonded polyolefin, a synthetic material made of high-density
polyethylene fibers suit or equivalent (a fully encapsulated suit is recommended for
BL-3 agents);

ii) disposable latex gloves (preferably two pairs);

i)  heavy-duty rubber gloves or equivalent;

iv)  rubber boots or disposable booties; and

v)  appropriate respiratory protection (HEPA-filter respirator or self-contained
breathing apparatus).

f) If possible, stop the spillage safely.
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9)

14

Consider the need to stop specific activities being undertaken on site to avoid the risk of
the incident escalating, e.g. the need to stop welding/burning if the spillage involves the
release of flammable substances.

Decontaminate spill and surrounding area:

i) enter the spill area and survey it to determine the locations of the spill and the
extentof the potentially contaminated area around it; and

ii) avoid spreading the material or tracking through the spill.
Absorb excess liquids:

i) cover the area of the spill carefully with towels or other absorbent materials
soakedwith decontaminating solution;

ii) ensure that the decontaminant reaches all areas of the spill; and

i)  leave the decontaminant in contact with the biohazardous material for at least
20 min (i.e. contact time) to allow for appropriate decontamination.

Check for splashes and spatters:

i) while waiting for the contact time to elapse, check other areas surrounding the spill
area for splashes and spatters and treat these with decontaminant; and

ii) wipe down surrounding walls and cabinets with decontaminant solution.
Consider dispersal of vapours and/or airborne dust. For example, this may be achieved
by opening doors and windows but care is required to ensure that this does not spread

the problem to adjoining areas. Alternatively, water sprays may be used to eliminate
vapour or dust clouds.

If a spillage has occurred in a confined area, the atmosphere should be tested for
flammable and/or hazardous vapours and dusts before allowing re-entry by unprotected
personnel. Personnel carrying out the test require appropriate protection following the
confined space entry (CSE) procedure.

Consider any possible off-site impact, particularly relating to members of the public. If the
incident is likely to have an effect off-site, the relevant authorities may need to be
informed.

Dispose of all materials used to clean up the spill after the contact time has elapsed:

i) discard absorbent material into autoclave bags;

ii) continue to absorb all liquid and remove for further treatment (by autoclave);

i) work from the outside of the spill to the inside area;

iv)  continue to wear all protective clothing and equipment - a HEPA-equipped vacuum
may be used for excess liquids; and

© DEPARTMENT OF STANDARDS MALAYSIA 2028 - All rights reserved



MS 1042-2:2023

V) dispose of all soiled absorbent materials as biohazard and autoclave all liquids
from vacuum tank in accordance with site disposal procedures and national or local
regulations.

0) Clean-up and disinfection:

i) decontaminate the surfaces of all equipment used during the clean-up after the
spill has been cleaned;

ii) the area may need to be decontaminated with paraformaldehyde or formaldehyde
gas;

6.4.3.1 Spills inside fume cupboards

Droplet-size spills or those up to 500 ml may be treated easily by wiping or absorbing with an
appropriate absorbent. If a larger spill, leakage or breakage occurs, more extensive treatment
may be needed.

However, spills inside a fume cupboard are generally not as hazardous as those outside
cupboards as they are generally contained and fumes, dusts or mists are swept away by the
cupboard air stream. The suggested clean-up procedure is as follows:

a) Ensure that the fume cupboard remains operating.

b) Place absorbent or neutralising materials over the spill. Proprietary absorbent or
neutralising materials may be used.

NOTE. Annex D lists general absorbent or neutralising materials.

c) Decontaminate any contaminated materials or equipment adjacent to the spill and fume
cupboard surfaces.

d) Remove protective gloves in the fume cupboard. Remove clothing, if contaminated, and
wash hands and arms.

e) Dispose of-any waste or used absorbent materials.

6.4.3.2 Spills outside fume cupboards

Spills outside fume cupboards can be complex events. They can be within laboratories where
a limited number of persons work or they can be in corridors used by a considerable number
of persons. For this reason, all work shall be planned to minimise the chance of a-spill.
Chemicals being moved in or between laboratories or service areas shall be contained.

Spills can involve amounts of material ranging from 1 ml or less to many litres. The amount
spilled, the physical characteristics of the material and how the spill occurred are important
factors in determining the area of involvement.

When liquid is spilled, it is generally dispersed as three spill fractions:

a) the bulk of the liquid that remains in an irregular puddle;

b) the portion that separates as splashes and rivulets; and
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C) the portion that becomes airborne (e.g. volatilises or generates airborne dusts).

NOTE. Where airborne dust is produced, larger particles settle rapidly whereas the smaller particles can
remain suspended in air for a considerable time and can be transported from the spill site by a ventilation
system. In the event of a spill of liquid in the laboratory, the potential for airborne material needs to be
considered.

Spills in confined areas, especially cold-rooms and basement laboratories, require special
consideration.

The response to an accidental spill of chemicals in the laboratory will depend upon the hazards
of the material, including the physicochemical properties, and the volume of the spill. The Safety
Data Sheet for the chemical should be referred to for spill procedures because the procedures
vary with the class of chemical. Commercial spill kits are available for both small and large spills
of many chemicals. However, very large spills can require attendance by the fire service
department.

6.5 Fire, emergency and rescue procedures

Refer to MS 1042: Part 1 for requirements and recommendations concerning fire, emergency
and rescue procedures for laboratories.

Adequate firefighting equipment and services suitable for the types of fires likely to be
encountered should be readily available in all laboratory areas.

7 Safe use of chemical substances
7.1 General

Laboratories are unique in that they have a diverse range of chemicals, often in smaller
quantities than in industrial environments. The methods and systems used within the laboratory
can be complex. Hazardous situations can arise in day-to-day operations if personnel are not
appropriately trained and aware of the hazards.

This clause provides guidance on the range of common chemical hazards that can be
encountered in laboratory operations and the precautions to be adopted to address the
hazards.

7.2 Chemical hazards

Chemicals can be hazardous due to their physical properties, chemical nature or interaction
with living organisms.

The storage conditions of the chemical substance can also be hazardous if storage containers
used are incompatible with the substance (e.g. storage of peroxides in metal containers) or if
the substance is stored under poor environmental conditions (e.g. hot conditions, or those
which can lead to the deterioration of the storage container).

Consideration to use less hazardous material where possible is a priority.
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7.3 Gases
7.3.1 General

All compressed and liquefied gases should be regarded as hazardous, the hazards arising from
one or more of the following factors:

a) Compressed state - rapid expansion takes place suddenly and with considerable force
on release of the gases from their container, e.g. liquefied petroleum gas (LPG).

b) Low temperature - many gases, when released rapidly, become cold as a result of
adiabatic expansion. Also, gases stored as cryogenic fluids are at exceptionally low
temperatures upon release.

c) Reactivity - gases (e.g. chlorine, oxygen, ammonia) which are normally highly reactive
with certain substances tend to be much more so when - released from the compressed
state, by virtue of their high concentration.

d) Flammability - many compressed gases are flammable and should be treated as such.
Their high concentration and pressure increase the potential hazard.

e) Toxicity - the toxic properties of gases, such as ammonia and chlorine increase with
increasing concentration in air.

f) Oxygen depletion - gas released may displace air, and this can cause asphyxiation, even
though the gas may not be very toxic. Examples of these gases are carbon dioxide,
helium and nitrogen.

9) Density effects - heavier than air gases such as LPG and carbon dioxide can travel large
distances without dilution (or dissipation).

h) Depending on their nature, gases used in laboratories are usually contained in one of
three ways (each presenting its own specific hazards), as follows:

i) High pressure cylinders at approximately 13.7 MPa (2000 psi) or at 30.0 MPa
(4325 psi). Examples of such gases are oxygen, nitrogen, hydrogen, methane.

i) Liquefied or dissolved gases in cylinders under pressure. Examples are LPG, propane,
ethylene, acetylene, chlorine, ammonia, sulphur dioxide.

k) Refrigerated liquid gases in vacuum jacketed containers at pressures between 100 kPa
(approximately 1 atm) and 20 MPa. Examples are refrigerated argon, helium, liquid air,
carbon dioxide, oxygen, nitrogen, hydrogen, neon.

) Cylinders shall be handled and stored in accordance with MS 2560.

7.3.2 Handling of gases, compressed or liquefied (other than cryogenic liquids)

In addition to the mechanical aspects covered in AS 4332 and MS 1042: Part 6, the following

chemical precautions shall be taken when handling compressed or liquefied gases other than
cryogenic liquids:
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7.3.3

Materials that a gas comes in contact with prior to its use shall be chemically compatible
with that gas.

When leak-testing an oxygen system only leak detection solutions that are compatible
with oxygen shall be used.

If the gas is corrosive or toxic, adequate precautions shall be taken before it is used, and
emergency equipment shall be readily available, e.g. respirator, breathing apparatus,
resuscitator and antidote. Training shall be provided.

The venting of gases or lines shall be carried out with care. For flammable gases in
cylinders, the cylinder shall be held vertically in a well-ventilated area. LPG shall not be
released where a potential ignition hazard exists or where a hydrocarbon cloud can be
formed in low-lying areas.

When decanting liquefied gases, protective clothing, insulated gloves, and eye and face
protection shall be worn. Sampling personnel shall use methanol to remove ice which
can build up on valves and connections during sampling.

In addition, the following precautions are recommended:

i) Acetylene should not be allowed to come in contact with copper or any alloy
containing more than 65 % copper.

ii) Empty cylinders should be left containing a slight positive pressure in order to avoid
possible contamination with moisture or air. The cylinders should be marked
‘empty’ and removed from the work area to appropriately segregated storage.

iii) For fluorine, ammonia and chlorine, information on the hazards involved in the
handling of fluorine should be obtained from the supplier and any requirements or
recommendations it contains should be observed.

iv)  The concentrations of toxic or flammable gas in the atmosphere of the area of use
should be monitored. A manual system (gas detection tubes with hand-pump) may
be used, however the use of an automatic alarm system with remote sensors is
preferred. Hydrocarbon gas detection should be provided in all areas where light
hydrocarbon gases and liquids are stored. Ceiling detectors should be calibrated
for light volatile hydrocarbons (methane and ethane) while at floor level the
detectors should be calibrated for heavier hydrocarbons, e.g. propane, butane.

Identification of the contents of gas containers

The specification for identification of the contents of gas containers should follow MS 1023.

7.3.4 Handling of cryogenic fluids

Use of cryogenic fluids should have a good appreciation of the hazards of cryogenic fluids, and
of emergency procedures to be followed when using them which deal with the safe handling of
these materials. For laboratory situations, the precautions, safe practices and emergency
measures set out in Annex E shall be taken into account.

18
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7.4 Flammable chemicals

7.4.1 General

Flammable chemicals are assigned to the following dangerous goods classes.

7.4.1.1 Flammable gases

A flammable gas is classified in one of the two categories for this class according to the Table 1.

Table 1. Criteria for flammable gases

Category Criteria

Gases, which at 20 °C and a standard pressure of 101.3 kPa are ignitable
when in a mixture of 13 % or less by volume in air or have a flammable range
with air of at least 12 percentage pointsregardless of the lower flammable
limit.

Gases, other than those of Category 1, which, at 20 °C and a standard

2 pressure of 101.3 kPa, have a flammable range while mixed in air.

NOTES:
1. Ammonia and methyl bromide may be regarded as special cases for some regulatory purposes.

2. For the classification of aerosols, refer to the Occupational Safety and Health (Classification,
Labelling and Safety Data Sheet of Hazardous Chemicals) Regulations.

7.4.1.2 Flammable liquids
A flammable liquid is classified in one of the three categories for this class as shown in Table 2.

Table 2. Criteria for flammable liquids

Category Criteria
1 Flash point < 23 °C and initial boiling point < 35 °C
2 Flash point < 23 °C and initial boiling point > 35 °C
3 Flash point = 23 °C and < 60 °C
4 Flash point > 60 °C and < 93 °C

NOTES:

1. Gas oils, diesel and light heating oils in the flash point range of 55 °C to 75 °C may be regarded as
category 3.

2. Liquids with a flash point of more than 35 °C may be regarded as non-flammable liquids for some
regulatory purposes (e.g. transport) if negative results have been obtained in the sustained
combustibility test UN Recommendations on the Transport of Dangerous Goods, Manual of Tests
and Criteria.

3. Viscous flammable liquids such as paints, enamels, lacquers, varnishes, adhesives and polishes
may be regarded as a special group for some regulatory purposes (e.g. transport). The
classification or the decision to consider these liquids as non-flammable may be determined by the
pertinent regulation or competent authority.
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7.4.1.3 Flammable solids

A flammable solid is a solid which is readily combustible, or may cause or contribute to fire
through friction.

The classification criteria for flammable solids are as follow:

a)

powdered, granular or pasty substances or mixtures shall be classified as readily
combustible solids when the time of burning of one or more of the test runs, performed
in accordance with the test method described in the UN Recommendations on the
Transport of Dangerous Goods, Manual of Tests and Criteria;

powders of metals or metal alloys shall be classified as flammable solids when they can
be ignited and the reaction spreads over the whole length of the sample in 10 min or less;

solids which may cause fire through friction shall be classified in this class by analogy
with existing entries (e.g. matches) until definitive criteria are established; and

according to the Table 3, a flammable solid is classified in one of the two categories for
this class using Method as described in UN Recommendations on the Transport of
Dangerous Goods, Manual of Tests and Criteria.

Table 3. Criteria for flammable solids

Category Criteria

Burning rate test:

Substances or mixtures other than metal powders:
a) wetted zone does not stop fire; and

b) burning time <45 s or burning rate > 2.2 mm/s

Metal powders:
- burning time < 5 min

Burning rate test:

Substances or mixtures other than metal powders:
a) wetted zone stops the fire for at least 4 min; and
b) burning time < 45 s or burning rate > 2.2 mm/s

Metal powders:
- burning time > 5 min and < 10 min

NOTE. For classification tests on solid substances or mixtures, the tests should be performed on
the substance or mixture as presented. If for example, for the purposes of supply or transport,
the same chemical is to be presented in a physical form different from that which was tested and
which is considered likely to materially alter its performance in a classification test, the substance
should also be tested in the new form.

20
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7.4.1.4 Spontaneously combustible substances or pyrophoric compounds
Pyrophoric compounds consist of the following:
a) Pyrophoric liquids

A pyrophoric liquid is classified in a single category for this class using test method
described in UN Recommendations on the Transport of Dangerous Goods, Manual of
Tests and Criteria, according to Table 4.

Table 4. Criteria for pyrophoric liquids

Category Criteria
The liquid ignites within 5 min when added to an inert carrier and
1 exposed to air, or it ignites or chars a filter paper on contact with air
within 5 min.

b) Pyrophoric solids

A pyrophoric solid is classified in a single category for this class using test method
described in UN Recommendations on the Transport of Dangerous Goods, Manual of
Tests and Criteria, according to Table 5.

Table 5. Criteria for pyrophoric solids

Category Criteria

1 The solid ignites within 5 min of coming into contact with air

NOTE. For classification tests on solid substances or mixtures, the tests should be performed
on the substance or mixture as presented. If for example, for the purposes of supply or
transport, the same chemical is to be presented in a physical form different from that which was
tested and which is considered likely to materially alter its performance in a classification test,
the substance or mixture should also be tested in the new form.

7.4.1.5 Substances that emit flammable gases when in contact with water
A substance or mixture which, in contact with water, emit flammable gases is classified in one

of the three categories for this class, using test method described in UN Recommendations on
the Transport of Dangerous Goods, Manual of Tests and Criteria, according to Table 6.

© DEPARTMENT OF STANDARDS MALAYSIA 2023 - All rights reserved 21



MS 1042-2:2023

Table 6. Criteria for substances and mixtures which, in contact with water, emit

flammable gases

Category Criteria

Any substance or mixture which reacts vigorously with water at
ambient temperatures and demonstrates generally a tendency for the
gas produced to ignite spontaneously, or which reacts readily with
water at ambient temperatures such that the rate of evolution of
flammable gas is equal to or greater than 10 I/kg of substance over any
1 min.

Any substance or mixture which reacts readily with water at ambient
temperatures such that the maximum rate of evolution of flammable

2 gas is equal to or greater than 20 I/kg of substance per hour, and which
does not meet the criteria for Category 1.
Any substance or mixture which reacts slowly with water at ambient
3 temperatures such that the maximum rate of evolution of flammable
gas is equal to or greater than 1 I/kg of substance per hour, and which
does not meet the criteria for Categories 1 and 2.
NOTES:

1.

2. For classification tests on solid substances or mixtures, the tests should be performed on the

A substance or mixture is classified as a substance which, in contact with water, emits
flammable gases if spontaneous ignition takes place in any step of the test procedure.

substance or mixture as presented. If for example, for the purposes of supply or transport,
the same chemical is to be presented in a physical form different from that which was tested
and which is considered likely to materially alter its performance in a classification test, the
substance or mixture may also be tested in the new form.

7.4.2 Storage and safe handling procedures for flammable and combustible liquids

The following general considerations apply to the use and storage of flammable chemicals:

a)

22

Flammable chemicals should be stored in a well-ventilated, cool area and they should
not be used in proximity to sources of ignition such as flames, hot surfaces, sparks from
electrical switches, or static electricity.

Flammable gases and the vapour from other flammable chemicals, even at ambient
temperature, can be carried by draught through a laboratory area and can bring it into
contact with a source of ignition. The vapour can therefore ignite and burn back, setting
fire to surroundings or igniting the parent chemical. Flammable chemicals therefore
should only be used in well-ventilated areas or in a fume cupboard.

Containers of flammable chemicals should not be left open in the laboratory or storage
area. Container lids should be replaced immediately.

Expert advice on safe handling procedures should be sought before working with

chemicals which undergo spontaneous ignition, e.g. yellow phosphorus, Raney nickel
catalyst.
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e)  Continuous or large-scale work with flammable organic solvents should have adequate
ventilation appropriate to the needs of the particular operation. Forced-ventilation is
highly desirable in such situations, as is the use of flameproof electrical installations.

7.4.3 Precautions for highly flammable liquids

The following precautions, are essential for work with any substance that has a flash point

below 23 °C. The following precautions shall apply to the use of volumes in excess of 4 L, not

only in the immediate work space, but to the whole working bench:

a) Naked flames or other ignition sources shall not be permitted in the work area.

b) Highly flammable liquids shall be heated only by use of a heating mantle with a sealed
thermostat, a water bath, an oil bath, steam or infrared radiation sources.

C) Electrical equipment used in the area shall have the necessary safety features for it to
be used in such environment.

d) Special precautions shall be taken for liquids that have a low auto-ignition temperature.
For example, carbon disulfide can be ignited by steam pipes or even low-energy
electronic devices.

e)  Work shall be carried out in a fume cupboard.

f) Reflux and distillation cannot be left unattended unless monitored.

9) The quantities of flammable liquid in the work area shall not exceed those required for
the daily working operations. Surplus materials shall be returned to the appropriate
storage area (see also MS 1042: Part 1, Clause 10).

h) Highly flammable liquids shall not be poured into drains or sinks unless they are
specifically designed and built for that purpose. The method of disposal shall be in
accordance with the requirements of relevant statutory authorities.

NOTE. A list of highly flammable liquids is given in Annex F.

7.4.4 Special sources of danger

The following points shall be considered as representing special sources of danger:

a) Evaporation of solvents
Evaporation of highly flammable liquids in enclosed areas can form an explosive mixture.
As little as 2 % vapour in air, e.g. 2.5 ml of diethyl ether in 30 L of air, is sufficient to give
a mixture of composition equal to the lower explosive limit.

b) Ignition sources
Ignition of flammable vapour can occur from contact of the vapour with hot surfaces,

electrical sparks or electronic devices. Equipment and procedures requiring assessment
for their potential to act as ignition sources include:
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v)

electric ovens;

microwave ovens;

rotary evaporation equipment;
refrigerators; and

the use of various catalysts, such as finely-divided platinum, palladium on charcoal
or rhodium sponge.

Electrical wiring shall conform to the requirements of MS 1936.

NOTE. In particular the following precautions should be considered:

1.

Extreme care should be exercised in the use of electric and microwave ovens when
evaporating residualsolvent from deposits of crystals.

2. The bulk of the solvent should never be evaporated using a heating source which can ignite
the solvent. The use of a rotary evaporator or steam bath is recommended.

3. If an oven must be used, it should be of a ventilated-type.

4. Apparatus that is to be oven-dried should be rinsed with purified water and not with an organic
solvent.

5. A ventilated oven should be used for the regeneration of absorbents (e.g. silica gel or
molecular sieves)that have been in contact with organic solvents or vapours.

Refrigerators

A refrigerator may be used to store flammable chemicals provided it has been designed
and manufactured to eliminate ignition sources. It may be possible for a domestic
refrigerator to be modified by a competent person to eliminate ignition sources.

NOTES:

1.

Refrigerators unsuitable for solvent storage should bear a prominent label inscribed with the
words “Not suitable for flammable solvents”.

For a normal domestic refrigerator, removal of ignition sources entails removal of the wiring
for the internal light, removal of the switching part of the thermostat from inside the
compartment and possibly modification of any automatic defrosting procedure and internal
fans, depending on the results of a competent person’s checks for their potential as ignition
sources.

Solvents stored in suitable refrigerators should be properly labelled and sealed. A complete
check of the condition of the refrigerator contents should be carried out at least monthly.

Cool rooms

Cool rooms are not intrinsically safe and advice should be sought prior to the storage
or use of flammable solvents in walk-in cool rooms or freezers.
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e) Static electricity

The relative movement of two contacting surfaces or fluids can cause charge separation
and give rise to static electricity. The following are common causes of static electricity:

i) pumping of hydrocarbons;

ii) belts passing over pulleys;

iii) unearthed compressed gas lines;

iv)  agitation of insulated solids;

V) leaks of steam, vapour and condensable gases; and

vi)  plastic sheets or surfaces parted from metallic or non-metallic objects.

Attention should be given to the static charge which can be acquired by personnel movement
and which can be stored on the body and clothing. The use of wholly synthetic-fibre laboratory
clothing should be avoided. The major danger arises from the electrical earthing of these
charges in a flammable atmosphere, when the energy released acts as a source of ignition.
A secondary danger is that persons who have acquired static charge are at risk of dropping
objects and materials that they are holding when their charge is electrically earthed. The
working area should be rendered safe by providing sufficient low-resistance paths to earth for
every component and for personnel, e.g. copper bars on walls, braided copper or brass straps
from a container to a wall or earthing mats.

7.4.5 Highly reactive chemicals
Many chemicals even some common reagents, have a dangerously high level of reactivity.

NOTE. Annexes G and J provide information on the hazardous properties of some highly reactive
chemicals and perchloric acid along with recommendations for safety precautions.

Contamination of reactive chemicals can produce an exothermic reaction which can evolve
dangerous amounts of heat. The heat evolved from the mixing of chemicals can cause
splashing and spraying of the mixture which can cause bums, poisoning, fire or explosion. It is
therefore essential to take extreme care in handling and storing reactive chemicals.

7.4.5.1 Precautions for highly reactive substances

Substances that react violently together shall not be stored in close proximity to each other.
Information on appropriate storage conditions should be sought from manufacturers or relevant
state authorities. When transferring highly reactive chemicals to secondary storage containers,
ensure the compatibility of the chemical with the container and provide appropriate labelling.

NOTE. The chemical should be compatible with the previous contents of the container. Preferably the
chemical should be transferred to a clean, dry, new container.

Highly reactive substances, e.g. metal hydrides and metal alkyls, shall only be used by a
competent person or under the supervision of a competent person. Protective clothing and
eyewear shall be worn. Metal powders, such as magnesium, aluminium, zinc and iron powders,
shall not be placed in contact with oxidising agents such as nitrates, chlorates, perchlorates or
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peroxides, with which they form explosive mixtures. For substances which are dangerous when
wet, dry-powder fire extinguishers shall be provided. Carbon dioxide extinguishers shall not be
used. Addition of water should be avoided.

NOTE. Annex G provides information on the hazardous properties associated with highly reactive
chemicals and recommended safety precautions.

7.5 Toxic (poisonous) chemicals
7.5.1 General

Work in the chemical laboratory may involve the use of substances which are hazardous to
human health or the environment. These substances are classified according to their poisoning
potential (acute toxicity), mechanism of action (skin irritant, respiratory sensitisations) or
adverse health effects (carcinogenic, mutagenic). Refer to Annex B.

7.5.1.1 Acute toxicity

A chemical or mixture is considered to be hazardous as a result of its acute lethal effects
following oral, dermal or inhalation exposure. Chemicals can be allocated to one of five toxicity
categories based on acute toxicity data expressed as (approximate) LD50 (oral, dermal) or
LC50 (inhalation) values or as acute toxicity estimates (ATE). Category 1 requires the least
amount of exposures to be lethal and Category 5 requires the most exposure to be lethal.
Explanatory notes are shown in Table 7.

Table 7. Acute toxicity hazard categories and acute toxicity estimates (ATE) values
defining the respective categories

Exposure Route Category 1 Category 2 Category 3 Category 4

Oral

(mg/kg body weight)? ATE=<5 5 <ATE <50 50 < ATE =300 300 < ATE = 2,000

Dermal ATE <50 50 < ATE <200 200 < ATE = 1,000 1,000 < ATE =< 2,000
(mg/kg body weight)?

Gases (ppmV)ab:c ATE <100 100 < ATE < 500 500 < ATE < 2,500 2,500 < ATE = 20,000

Vapours (mg/l) ¢ ATE=<0.5 0.5<ATE=<2.0 2.0<ATE<10.0 10.0 <ATE £20.0

Dusts and Mists (mg/l)*© ATE £0.05 0.05<ATE=<0.5 0.5<ATE=<1.0 1.0<ATE<5.0
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Table 7. Acute toxicity hazard categories and acute toxicity estimates (ATE) values
defining the respective categories (continued)

NOTE. Table 7 refers to Industrial Code of Practice on Chemicals Classification and Hazard
Communication (ICOP).
@ The acute toxicity estimate (ATE) for the classification of a substance or ingredient in a mixture is derived using:

i) The LD50/LC50, where available;

i)  The appropriate conversion value from Table 2.26 in The Industry Code of Practice on Chemical
Classification and Hazard Communication that relates to the results to the results of a range test; or

iy  The appropriate conversion value from Table 2.26 in The Industry Code of Practice on Chemical
Classification and Hazard Communication that relates to a classification category.

b Gas concentration are expressed in parts per million per volume (ppmV)

¢ The acute toxicity estimate (ATE) for inhalation toxicity in the table is based on 4-hour testing exposures.
Conversion of existing inhalation toxicity data generated from exposure other than
4 hours shall be by using following formulae:

i) For gas and vapour: D=B (VA)/2
ii) For dust and mist: D=B A/4

Where,
B is the LC50 value for A hour
D is the LC50 value for 4 hours

iii) Mg/m3 to mg/L
Conversion of inhalation data for vapour, dusts or mists specified as mg/m3 to mg/L is as follows:

Mg/L = mg/m3 - 1000

iv)  mg/m3to ppm
Conversion of inhalation data for gases specified as mg/m3 to ppm is as follows:

ppm = (mg/m3 x 24.45) + (gram molecular weight of substance)
(Where 24.45 is the molar volume of air in litres at Standard Temperature and Pressure)

V) ml/kg to mg/kg
Conversion of oral or dermal data specified as ml/kg to mg/kg is as follows:
Mass (g) = volume (ml) x density (g/ml)

d For some substances or mixtures, the test atmosphere will not just be a vapour but will consist of a mixture of
liquid and vapour phases. For other substances or mixtures, the test atmosphere may consist of a vapour
which is near the gaseous phase. In these latter cases, classification shall be based on ppmV as follows:
category 1 (100 ppmV), category 2 (500 ppmV), category 3 (2500 ppmV), category 4 (20,000 ppmV)

7.5.1.2 Skin corrosion and irritation

Skin corrosion refers to the irreversible damage to living tissue following dermal exposure. Skin
corrosion from a substance must penetrate through the epidermis into the dermis within 4 h of
application and must nor reverse the damage within 14 days. Skin irritation is less severe than
skin corrosion and refers to the production of reversible damage within 72 h, to the skin
following application of the test substance.
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7.5.1.3 Eye effects

Serious eye damage involves tissue damage in the eye or serious physical decay of vision
which is not fully reversible within 21 days of application. Eye irritation involves changes to the
eye which do fully reverse within 21 days.

7.5.1.4 Respiratory or skin sensitisation

Substances in this category induce hypersensitivity of the airways following inhalation or
allergic responses following skin contact.

7.5.1.5 Carcinogenicity

Carcinogen means a substance or a mixture of substances which induce cancer or increase its
incidence. Substances which have induced benign and malignant tumours in well performed
experimental studies on animals are considered also to be presumed or suspected human
carcinogens unless there is strong evidence that the mechanism of tumour formation is not
relevant for humans.

7.5.1.6 Reproductive toxicity

Reproductive toxicity includes adverse effects in sexual function and fertility in adults (man or
woman) and/or development of the offspring, though is not lethal to the adult.

7.5.1.7 Specific target organ toxicity; single or repeated exposure

Specific target organ toxicity is defined as specific, non-lethal target organ toxicity arising from
a single or repeated exposure to a substance or mixture. All significant health effects that can
impair function, which may be reversible and irreversible, immediate and/or delayed, are
included.

7.5.1.8 Aspiration hazard

Aspiration toxicity includes severe acute effects such as chemical pneumonia, varying degrees
of pulmonary injury or death following aspiration. Aspiration is the entry of a liquid or solid
substance or mixture directly or indirectly through the oral or nasal cavity the trachea and lower
respiratory system.

7.5.2 Environmental hazards

Environmental hazards tend to focus on degradability, bioaccumulation and aquatic toxicity
(refer to Annex B).

7.5.3 Safe use and handling of toxic chemicals

These substances are a potential hazard to health if not handled correctly as they can gain
entry into the body by the following routes:

a) absorption through the skin, eyes or wounds;
b) ingestion; and

c) inhalation.
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NOTE. Annex H provides information on the hazardous properties of some toxic chemicals
recommendations for safety precautions.

Workplace monitoring and health surveillance for some toxic chemicals is covered by
Occupational Safety and Health (Use and Standards of Exposure of Chemicals Hazardous to
Health) Regulations, e.g. lead, carcinogens. Additional cases for monitoring and surveillance
shall be identified by risk assessment. Information on these toxic chemicals may be obtained
by the supplier, Safety Data Sheet and resources of safety information. Some chemicals
present or increase the risk for people of reproductive age and for developing foetuses. There
may be a need to limit exposure to these chemicals.

Some chemicals are regulated by Malaysian regulations (Federal or State), e.g. arsenic,
inorganic cyanides and scheduled poisons. This legislation may require special storage and
handling.

As a matter of good practice, and to satisfy regulatory requirements, particularly hazardous
substances require additional planning and considerations. The harmful effects of some
compounds are only evident after repeated exposure. Procedures for the safe use of the
material and waste removal must be established prior to use. Decontamination procedures
must be developed in advance and strictly followed.

The following general considerations apply to the use and storage of toxic chemicals hazardous
to health (not limited to):

a) Only laboratory personnel trained to work with these substances shall perform the work,
and always within the designated area. It is essential that all workers understand the
hazard potential of these chemicals.

b) Use appropriate PPE (gloves, lab coat, and eye protection) to avoid exposure through
inhalation, ingestion and absorption through the skin and eyes. Safety Data Sheet
databases should be consulted for the correct type of glove or respirators Gloves should
be discarded immediately after each use or when contaminated. Other equipment such
as protective eye goggles, and a disposable long-sleeved smock that can be taken off
quickly if contaminated should be worn for maximum safety. Where splashes, sprays or
aerosols may be generated, face shields may be necessary to prevent accidental contact
to eyes, nose or mouth. Hands shall be washed after removing personal protective
equipment.

c) avoid using mobile phone or any telecommunication devices while handling toxic
chemicals, to avoid any cross-contaminations (chemicals ingestion danger).

d) Designated areas (e.g. chemical hoods, glove boxes, lab benches, outside rooms, etc.)
for material use shall be established and the areas identified by signs or postings.

e) Manipulation of carcinogens, reproductive toxins and acutely toxic chemicals should be
carried out in a fume hood.

f) These chemicals shall be stored and manipulated in a designated area with the
appropriate hazard warning signs.

9) Vacuum work shall be conducted in a fume hood or isolated in an acceptable manner.
Evacuated glassware can implode and eject flying glass, and splattered chemicals.
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h) Mechanical vacuum pumps shall be protected using cold traps and, where appropriate,
filtered to prevent particulate release. The exhaust for the pumps must be vented into an
exhaust hood.

i) Use care when weighing solids to avoid creation of aerosols. Use the smallest amount
of chemical that is consistent with the requirements of the work to be done.

i) The minimum quantity of the particularly hazardous substances necessary to conduct
the research should be ordered. Wherever possible, attempt to design research in a
manner that reduces the quantity of waste generated.

K) Whenever possible, substitute less hazardous chemicals for these more hazardous
chemicals.

) Decontaminate the area and equipment when work is completed.
7.6 Corrosive substances

Corrosive substances can damage or destroy materials or living tissue by direct chemical
action. Even though the primary hazard of these substances is their corrosive nature, special
attention should be given to the subsidiary risk- which can be present, e.g. flammable, oxidising
or toxic. For example, some corrosive substances can compromise storage compatibility, affect
waste disposal and affect medical treatment procedures. More information on the safe storage
and handling of corrosive substances can be obtained in Clause 10 of MS 1042: Part 1.

NOTE. Annex | provide information on the hazardous properties of some corrosive substances and
recommendations for safety precautions.

7.7 Unstable chemicals

Chemicals that are prone to degrade over time or react violently (either spontaneously or due
to environmental contact) can often produce an explosion or fire. Chemical instability is usually
indicated by a note or warning placed on the container by the supplier and on the Safety Data
Sheet for the chemical.

NOTE. Annex J provides information on the hazardous properties of some unstable chemicals and
recommendations for safety precautions.

Additional authorisation, safety, storage and security procedures may need to be instituted for
the use of unstable chemicals.

Unstable chemicals left over from chemical work should be deactivated. Consideration should
be given to handling unstable chemicals with remote control devices.

Full eye protection, e.g. goggles or a face shield, shall be worn when any highly reactive
materials are being used. Safety carriers shall be used to transport containers of reactive
liquids.

In stores and service rooms, appropriate safety equipment shall be available when dispensing

or handling highly reactive chemicals or when cleaning up after spills. Floor drainage,
separation bunds and ventilation of stores and service rooms are important.
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Annex A
(normative)

Normative references

A.1 Malaysian standard

MS 1023, Specification for identification of the contents of industrial gas containers

MS 1042, Safety in Laboratories - Code of Practice - Part 6: Mechanical aspects

MS 1936, Electrical installation of building - Guide to MS IEC 60364

MS 2560, Gas cylinders - Safe handling

MS I1SO 20344, Personal protective equipment - Test methods for footwear

MS ISO 20345 and Technical Corrigendum 1, Personal protective equipment - Safety footwear
MS ISO 20347 and Technical Corrigendum 1, Personal protective equipment - Occupational
footwear

A.2 AS/NZS standard

AS/NZS 2243.8, Safety in laboratories - Fume cupboards

AS/NZS 2243.10, Safety in laboratories - Storage of chemicals

AS/NZS 2982, Laboratory design and construction

A.3 Regulations/Guidelines
Environmental Quality (Scheduled Wastes) Regulations, 2005

The Occupational Safety and Health (Classification, Labelling and Safety Data Sheet of
Hazardous Chemicals) Regulations, 2013

Occupational Safety and Health (Use and Standards of Exposure of Chemicals Hazardous
to Health) Regulations, 2000

A Manual of Recommended Practice: Assessment of the Health Risk Arising from the Use of
Hazardous Chemicals in the Workplace, 2018

Industrial Code of Practice on Chemicals Classification and Hazard Communication (ICOP),
2014
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Annex B
(informative)

Hazard classification

Hazards referring to Industrial Code of Practice on Chemicals Classification and Hazard
Communication. ICOP can be classified into three types: physical, health and environmental.

B.1 Physical hazards

Hazard class Hazard category
1 Explosiv Unstable Div Div Div Div Div Div
plosives explosives | 1.1 12 | 13 | 14 | 15 | 16
2 Flammable gases Cat. 1 Cat. 2
3 | Flammable Cat.1 | Cat2
aerosols
Flammable
4 liquids Cat. 1 Cat.2 | Cat. 3
5 Flammable solids Cat. 1 Cat. 2
6 Oxidizing gases Cat. 1
7 Oxidizing liquids Cat. 1 Cat. 2 | Cat. 3
8 Oxidizing solids Cat. 1 Cat.2 | Cat. 3
9 Gases under | Compressed Liquefied gas Befrlgerated Dissolved
pressure gas liquefied gas gas
Self-reactive Type | Type | Type | Type | Type | Type
10 chemicals Type A B C D E F G

11 Pyrophoric liquids Cat. 1

12 Pyrophoric solids Cat. 1

Self-heating
13 chemicals Cat. 1 Cat. 2
Cat. 1 Cat. 2
Chemicals which,
if in contact with
14 water, emit Cat. 1 Cat.2 | Cat. 3
flammables
gases

Organic
peroxides
Corrosive to
metals

Type Type | Type | Type | Type | Type
B D E F

15 Type A

16 Cat. 1
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B.2 Health hazards

Hazard class

Hazard category

1 Acute toxicity (oral) Cat. 1 Cat. 2 Cat. 3 Cat. 4
2 Acute toxicity (dermal) Cat. 1 Cat. 2 Cat. 3 Cat. 4
3 Acute toxicity (inhalation) Cat. 1 Cat. 2 Cat. 3 Cat. 4
. . N Cat.
4 Skin corrosion or irritation 1AAB/AC Cat. 2
5 Sgrlo_us eye damage or eye Cat. 1 Cat. 2
irritation
6 Respiratory sensitization Cat.1
7 Skin sensitization Cat.1
8 Germ cell mutagenicity Cat.1A/1B Cat. 2
9 Carcinogenicity Cat.1A/1B Cat. 2
10 Reproductive toxicity lactation Cat.1A/1B Cat. 2 Effects on or via
11 Spemﬂc target organ toxicity- Cat. 1 Cat. 2 Cat. 3
single exposure
Specific target organ toxicity-
12 repeated exposure Cat. 1 Cat. 2
13 Aspiration hazard Cat. 1
B.3 Environmental hazards
Hazard class Hazard category
1 Hazardous to the aquatic Cat. 1
environment — acute hazard ’
Hazardous to the aquatic
2 environment— Cat. 1 Cat. 2 Cat. 3 Cat. 4
chronic hazard
3 Hazardous to the ozone layer Cat. 1
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Annex C
(informative)

Label for chemical wastes

@‘
N

( WASTE )

TOXIC SUBSTANCES

\\(\,//
-]
CORROSIVE SUBSTANCES
( WASTE )

CHEMICALS CHEMICALS

SW CODE SW CODE

KA CODE KA CODE

DATE START OF DATE START OF
COLLECTION COLLECTION
LOCATION LOCATION

A

( WASTE )

OXIDIZING SUBSTANCES

CHEMICALS CHEMICALS
SW CODE SW CODE
KA CODE KA CODE
DATE START OF DATE START OF
COLLECTION COLLECTION
LOCATION LOCATION
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MIXTURE OF MISCELLANEOUS
DANGEROUS SUBSTANCES,
ASTE]

CHEMICALS : CHEMICALS

SW CODE : SW CODE

KA CODE : KA CODE

DATE START OF : DATE START OF
COLLECTION COLLECTION
LOCATION : LOCATION
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Annex D
(informative)

The use of absorbent materials and spill kits

D.1 Scope

This annex provides information on the clean-up of spills using different types of absorbent
materials and spill kits.

D.2 Clean-up procedures

The following general procedures can be used:

a)

Acids

For small spillages of acids, the area should be flushed with water but not to the extent
that the spillage is spread unnecessarily. The spillage should be contained with earth or
sand and neutralised carefully with soda ash or sodium bicarbonate.

WARNING: DO NOT USE RAGS OR SAWDUST TO CLEAN UP SPILLS OF OXIDISING
ACIDS.

Alkalis

For spillages of alkalis, the spillage should be contained using sand or earth. Citric acid
or other dilute acid may be used to neutralise alkali before clean-up. Residual alkali should
be washed with water ensuring contact occurs between washings and any aluminium or
zinc containers.

Volatile liquids and organic solvent

Spillages of organic solvents should be cleaned up, absorbed using diatomaceous, earth,
activated charcoal or a proprietary product suitable for the absorption of the liquid. Many
organic solvents are volatile and, as such, respiratory protection may be needed. Spills of
flammable solvents will require control of ignition sources.

Toxic chemicals

Spillages of toxic chemicals should be cleaned up with methods that recognise the
hazards of the spilled material, in particular those set out in Annex H. All materials used
for cleaning should be disposed in a safe manner, taking into account the hazards of the
spilled material. Mercury can be removed using a proprietary mercury spill kit, mercury
sponges, a specially-designed vacuum and suction apparatus or a combination of these.

NOTE. Proprietary spill kits and sponges are available for most hazardous substances. There are few
universal absorbents available so the absorbent needs to be compatible with, and suitable for the spilled
material.

36

© DEPARTMENT OF STANDARDS MALAYSIA 2028 - All rights reserved



MS 1042-2:2023

Annex E
(normative)

Handling of cryogenic fluids

E.1 Scope

This annex sets out personal protective equipment requirements and general precautions for
handling, working with, storing, transporting and transferring cryogenic fluids. Emergency
measures and general first aid rules are also recommended.

E.2 General

The seven cryogenic fluids most widely used in research and industry are helium, hydrogen,
nitrogen, fluorine, argon, oxygen and methane. In addition to the hazards identified in Clause
4.3.1, cryogenic liquids have additional hazards relating to their large gas expansion ratio.

The following general precautions should be taken:

a)

Containers

Liquefied gases at atmospheric pressure should always be contained in vacuum-
jacketedvessels or, if they boil at very low temperatures, with a-guard jacket of liquid
nitrogen surrounding them. Containers should display an appropriate sign indicating the
cold hazard.

Transfer

Transfer operations should only be undertaken by operators who have been trained by
the suppliers of the liquefied gas. Where possible, a vacuum-jacketed siphon should be
used, as gas poured from a container can develop a plug of solid in the outlet. If the
boiling point of the gas is less than that of liquid air, care should be taken in transferring
the liquid from stock to the apparatus, e.g. into Dewar-type vessels or cryostats, as an
ice plug can form at the outlet.

It is sometimes convenient to transfer liquid oxygen or nitrogen from its container by
pressurisation. This can be carried out safely if the appropriate dry gas is used, and if the
liquefied gas container is of the type that will withstand pressure.

Spills

If any spill of the following substances cannot be contained, the area should be
evacuated and the emergency services contacted. Potential hazards associated with
specific gases are as follows:

i) Liquid nitrogen, argon or helium

If liquid nitrogen, argon or helium is spilled, the surrounding atmosphere will
not support life.
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ii) Liquid oxygen

Spilled liquid oxygen will greatly increase the risk of fire. Some materials can
spontaneously ignite in the presence of liquid oxygen.

iii) Liquid hydrogen or methane

If liquid hydrogen or methane is spilled, a flammable or explosive mixture with air
will result.

Dewars and flasks

Empty containers for liquid oxygen and liquid nitrogen should be allowed to warm up to
ambient temperature and then be purged with dry nitrogen. This will avoid danger from
accumulation of hydrocarbon gases extracted from the atmosphere, and minimise the
nuisance caused by water freezing in the container.

Liquid nitrogen

Traps attached to apparatus, open-to-air at atmospheric pressure should not be placed
where they can be cooled by liquid nitrogen. Liquid nitrogen is sufficiently cold to
condense oxygen from the atmosphere and quite large quantities of liquid oxygen can
accumulate in an open vessel cooled by liquid nitrogen. The liquid oxygen will evaporate
vigorously if the coolant is removed.

Liquid oxygen

Mixing liquid oxygen with flammable material produces a major potential hazard. Liquid
oxygen should only be used under the supervision of designated members of staff. A
Dewar flask used to contain liquid oxygen should never be used for any other purpose
and should be oil free, clean and dry before oxygen is added. Mixtures of liquid oxygen
and organic materials can create an explosion and a fire risk. Liquid oxygen spilt on
asphalt can produce an explosive substance which is touch-sensitive.

Solidified gas, e.g. dry ice

Large quantities of dry ice should not be used in a confined space unless adequate forced
ventilation is provided. Dry ice should never be handled with bare hands as a severe
burn can result.

Other gases

Instructions for handling liquid hydrogen, helium, argon and methane should be sought
from the supplier.

E.3 Ventilation

Although a number of the gases in the cryogenic range are not toxic, they are capable of
causing asphyxiation by displacing the oxygen in the air. Even oxygen can have harmful effects
if inhaled at high concentrations for lengthy periods. Prolonged inhalation of cold vapour or gas,
whether respirable or not, can have detrimental effects on the lungs.

38
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In poorly vented areas, the large ratio of expansion in volume from liquid to gas can rapidly
change the composition of the atmosphere in the room where fluids are used or stored. Fluids
should always be handled in well-ventilated areas to prevent excessive concentrations of gas.
If there is any doubt about the composition of the air in a room that has been closed off, it
should be ventilated well before entering, and the composition of the atmosphere of the room
should be checked using an oxygen meter. Self-contained breathing apparatus should be
accessible to those working in areas that can become oxygen depleted as determined by a risk
assessment.

NOTE. Fans in cold rooms are typically circulation rather than ventilation fans.

E.4 Personal protection for cryogenic fluids
E.4.1 Protection of face

A full face-shield or goggles shall be worn when transferring liquid from a bulk supply, or from
one vessel to another, or when immersing objects, or at any other time when spraying or
splashing may occur. During bulk transfer operations, under the control of a valve in the transfer
line, a protective barrier between the vessel being filled and the operator will afford good
protection. A protective screen shall be used when working with the cryogenic materials held
in glass.

E.4.2 Protection of hands

Gloves shall be worn when carrying cryogenic fluids in small containers, including those the
with handles, or when handling anything that is, or may have been, in contact with cryogenic
fluids. Even when using gloves, cold equipment can be held only for a short time. During
handling and transfer operations, the hands shall be protected by clean, dry insulated leather
or other suitable gloves. The gloves should be a loose fit so that they may be removed quickly
should any liquid splash on or into them.

E.4.3 Protection of the body

Appropriate safety clothing, which minimises the formation of traps capable of holding liquid in
close proximity to the flesh, shall be worn when handling cryogenic materials. Approved safety
footwear (see MS ISO 20344, 20345 and 20347) should always be worn.

The degree of body protection necessary will depend on the operation being carried out and
the quantity of liquid involved. For example, when transferring liquid from bulk supply without
the benefit of a protective barrier, overalls without pockets or turn-ups, and with a leg length
sufficient to shield the top of the shoe, should be worn in addition to eye and hand protection.
Trousers should be worn outside boots or shoes. When filling a small cold trap in the laboratory
this degree of protection may be unnecessary; however, eye and hand protection should
always be worn.

E.5 Handling
E.5.1 General
Handling precautions are as follows:
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a) Cryogenic fluids should always be handled carefully. Liquid or low temperature gas from
any cryogenic substance can produce an effect on the skin similar to a burn. This
willvary in severity with temperature, heat capacity of the fluid, and exposure time.
Delicate tissues such as those of the eyes, can be damaged by a very brief contact with
the fluid, which may not affect the face or hands.

b) Exposed or insufficiently protected parts of the body should not be allowed to come into
contact with uninsulated pipes or vessels as they can stick fast because of the freezing
of available moisture. This can result in the flesh being torn on removal from the
apparatus.

c) Suitable tongs should be used to withdraw objects immersed in liquid and gloves should
be worn. The tongs and the objects should be handled carefully. The tongs should be
pre-cooled in the vapour before use. In addition to the hazards of burns, or skin sticking
to cold surfaces, objects that are soft and pliable at room temperatures become very hard
and brittle at cryogenic temperatures and are very easily broken.

d) When charging a warm container, or when inserting a transfer tube or other objects into
the cryogenic liquid, the operations should be carried out slowly to minimise thermal
shock and the subsequent splashing and boiling of the fluid. Where practicable, the
transfer tube should be allowed to cool in the evolved vapour before immersion in the
cryogenic liquid.

e) Vessels with a carrying handle and splash guard should be used for transporting small
quantities of fluid. Care will still be necessary if the inner vessel is of glass because it
may fracture unexpectedly, allowing the contents to boil rapidly and discharge through
the neck of the outer vessel.

f) Larger vessels should be transported on a stable trolley designed to hold them securely
in position during transit, and to permit easy and safe loading and unloading. Some
vessels are fitted with integral wheels.

Q) Caution should be exercised when transporting cryogenic fluids through confined or
unventilated spaces.

E.5.2 Air condensation and oxygen enrichment

Air coming into contact with a surface cooled below 82 K (-191 °C) will condense. The
composition of this oxygen-enriched condensate, which is approximately 50 % oxygen and
50 % nitrogen, will significantly enhance combustion of flammable materials and of materials
which are normally regarded as being relatively non-flammable.

If condensation occurs at the surface of a cryogenic liquid, the liquid can become contaminated.
This can occur with liquid nitrogen, the boiling point of which is 77.3 K (-195.7 °C) or liquid
neon which has a boiling point of 27.2 K (-245.8 °C). If condensation is allowed to continue for
any length of time, the oxygen content of the liquid nitrogen may become appreciable and the
liquid will require the same precautions as liquid oxygen when being handled. The small neck
area of most liquid nitrogen containers together with the barrier formed by the nitrogen gas
issuing from the surface, usually prevents this occurring during storage.

Due to the possibility of oxygen enrichment, inert cryogenic liquids should not be stored for long
periods in an open system, e.qg. in a flask. An indication of oxygen enrichment is a-blue tinge in
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the liquid. Any oxygen impurity in nitrogen or helium will concentrate in time due to the lower
volatility of the oxygen.

Care should be taken when using liquid nitrogen as coolant for a cold trap. The system should
be pumped down before charging the trap, otherwise liquid air can condense in the trap causing
explosion when the system warms up.

A potential hazard can arise where the coolant becomes depleted and the condensed gas is
warmed by the atmosphere. The volume of gas produced by the volatilisation of the trapped
substances is often far greater than the available volume within the trap; the gas will escape
through any manometer, by blowing out the key of a tap or by bursting the vessel.

E.5.3 Working at reduced pressure

If the pressure on a cryogenic liquid is reduced below atmospheric, the following additional
precautions should be taken:

a) Ensure that the system is vacuum-tight to prevent moist air being drawn in and forming
ice plugs.

b) Provide a protective screen when working with glass Dewar flasks.

c) Carefully control initial pumping speed to avoid pressure oscillation and liquid
entrainment.

d) Prevent violent boiling of superheated liquid by the use of boiling centres deposited inside
the Dewar flask.

e) This precaution is especially necessary when working with nitrogen in a glass system.
These boiling centres will need to be compatible with the liquid in use.

f) Where the backing pump is used to pump evolved gas into a valved recovery system,
provide a pressure-relief valve on the exhaust side of the pump to protect against the
situation where the pump can be turned on with the recovery valves shut.

E.5.4 Proprietary equipment

Proprietary equipment, such as cryostats and liquefiers, should always be operated and

maintained in accordance with the manufacturer’'s instructions. Regular maintenance and
inspections should be arranged.

E.6 Storage and transport

E.6.1 General

The following precautions should be taken:

a) Only containers thermally insulated to minimise loss by evaporation and specifically

designed for holding cryogenic fluids should be used as they are made to withstand the
rapid changes and extreme differences in temperature encountered.
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b)

The most common container is the double-walled evacuated metal or glass vessel known
as a Dewar flask. Exterior glass surfaces should always be taped to prevent
fragmentation of the glass should it break. Domestic vacuum flasks should not be used
to store cryogenic fluids.

Dewar flasks should be handled with care as the glass may become scratched and, since
the flasks are always under stress due to the internal vacuum, may break unexpectedly.
With encased containers the sudden failure of the inner container will result in the liquid
boiling rapidly and being ejected from the neck of the vessel.

Metal containers used for storing quantities greater than 10 L should have double walls
and contain insulating material in the evacuated space.

Depending on the nature of the cryogenic fluid, containers should be either open to the
atmosphere or protected by a vent or other safety device which permits vapour to escape.
Where a special vented stopper or venting tube is used, as on some small portable
containers, the vent should be checked at regular intervals to make sure it is not plugged
with ice formed from water vapour condensed from the air.

If an ice plug forms, it can be cleared by reaming with a sharp-edged tube or by inserting
a brass or copper rod down the neck of the container; this source of heat should melt the
plug. Care should be taken to avoid burns from the escaping vapour or sudden ejection
of the plug, rod or tube. Gloves, safety glasses and a face shield should be used.

Only the stopper supplied with the container should be used. Containers not supplied
with vented stoppers should be kept covered with a loose-fitting cap to prevent air or
moisture from entering and to provide pressure relief. Inadequate venting can result in
excessive gas pressure which can damage or burst a container.

Small containers should not be stored in the open where they may come in contact with
rain or moisture, unless suitable protection from the weather is provided. Even then,
excessive moisture on moving parts such as valves, relief devices and couplings can
cause malfunctions due to formation of external ice.

Specially constructed, insulated containers should be provided for cryogenic fluids with
boiling points below that of liquid nitrogen to prevent rapid loss of fluids due to
evaporation. There is also an increased risk of ice plugs forming in vents and discharge
orifices.

If cryogenic liquids are transferred between facilities using motorised transport, an enclosed
vehicle shall not be used, unless permitted by the relevant National, State or Territory
regulations. Similarly, if Dewars are transported by lift between floors, the containers shall not
be accompanied by passengers.

E.6.2 Bulk storage units

The following precautions shall be taken:

a)

42

For both safety and economic reasons, pressurised bulk storage units shall be
maintained in a locked compound.

NOTE. Access should be restricted to a limited number of trained personnel who are familiar with
the emergency shutdown procedure.
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The operation of bulk pressurised storage units shall be in accordance with the supplier’s
instructions concise emergency, safety and transfer instructions shall be clearly
displayed near the storage units.

Small containers shall be filled using a transfer tube from a small, e.g. 50 L, bulk
container, only by operators who have received adequate training Personal safety
equipment shall be retained with the compound key and issued to those required to fill
small containers.

NOTES:

1.

The small bulk container can be recharged as required from the bulk storage unit and should be
located in the same locked compound.

To safely achieve optimum filling time and percentage fill, consult the manufacturer’s guidelines for
liquid transfers. If the pressure on the supply tank is kept low, the percentage transferred to the
smaller container as liquid will be maximised as the flash losses are minimised.

A protective barrier should be provided between the receiving vessel and the operator.

E.7 Transfer techniques

The following techniques can be used when transferring cryogenic substances to secondary
containers:

a)

Pressurisation

The conventional method used to transfer cryogenic fluid from a storage container to
another vessel. Gas pressure is used to force the fluid from storage container to receiver
through a transfer tube with one end immersed in the storage container. The necessary
pressure can be obtained in a number of ways; by heat leak into the storage container,
bya heat source within the container, or by pressurisation with a gas corresponding to
the liquid product.

Submersible pump

Some cryogenics, e.g. liquid nitrogen, may be transferred by use of a small submersible
pump which passes down the neck of the container. If the pump is electrically driven it
can be stopped and started by level-operated controls in the apparatus being filled.
Precautions should be taken to prevent condensate entering and freezing in the pump,
especially when changing containers.

Submerged pumps should not be used for liquid oxygen transfers.

Transfer tubes

Only transfer tubes approved by the supplier of the cryogenic liquid should be used.
The heat added by the insertion of a transfer tube at ambient temperature can be utilised
to generate sufficient pressure to transfer liquid from a small flask. The warm tube

vaporises liquid as it is placed into the flask. If a gas seal is made at the outlet of the neck
tube, the vapour generated provides a source of pressurisation which can be sufficient
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to transfer up to 20 L of liquid without the use of additional pressurising gas. The quantity
which can be transferred by this means will obviously depend on the thermal
characteristics of the tube and liquid. Quite small containers can be safely and
conveniently filled using this method which is preferable to pouring liquid from one vessel
to another.

d) Pouring

E.8 Emergency measures and first aid
E.8.1 Cold contact burns

Tissue damage does not normally occur immediately cryogenic liquid touches warm flesh.
Initially, the blood supply to the tissue acts as a heat source and creates a heat-insulating gas
film at the liquid/flesh interface. This time delay is usually sufficient for severe injury to be
avoided even when a large volume of fluid is involved, provided that appropriate action is taken.

If cryogenic fluid is splashed on the body, the affected area should be immediately flushed with
cold water, and any clothing that is saturated with the fluid should be removed. It is especially
important to remove gloves or footwear quickly if liquid is splashed into them, as large volumes
can be trapped, thereby enhancing the risk of tissue damage by prolonged contact.

The high heat capacity of water, its harmlessness and ready availability all combine to make it
an important safety contribution to cryogenic operations. If practicable, water should be made
readily available wherever cryogenic liquids are handled. All bulk storage installations should
include a safety shower.

If, despite initial treatment, cold contact bums are inflicted, the over-riding first-aid
considerations should be to get the casualty to hospital quickly. Professional medical attention
should always be sought for cold contact bums because of the risk of complications.

E.8.2 First aid and general treatment

Irrespective of the severity of burns, general first aid rules are as follows:

a) DO NOT rub or massage the affected area.

b) DO NOT expose the affected area to a radiant heat source.

c) DO NOT allow the casualty to smoke, eat or drink until medical advice is obtained.

First aid and general treatment for cryogenic burns are virtually the same as those specified for
frostbite in first aid and medical manuals (see also AS 1894). If a person begins to exhibit signs
of asphyxia while working with cryogenic liquids, they should be taken to a well- ventilated area
immediately. If breathing has stopped, artificial respiration should be applied. If the oxygen
level is depressed to below about 15 % (WV) in air, or if the gas is toxic, the rescuer will need

to wear a self-contained supplied-air respirator.

In sudden and acute asphyxia, such as that from inhalation of pure nitrogen, unconsciousness
is immediate and the victim can die within a few minutes.
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Where asphyxia develops slowly by gradual reduction of the oxygen content in the air, early
outward signs are the inability to think clearly, disturbance of muscular coordination, rapid
fatigue and easy arousal of emotions, particularly of ill-temper. If the oxygen reduction becomes
severe, complete physical collapse can occur. The victim can be unaware that anything is
wrong until beyond self-rescue or the summoning of aid.
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Annex F
(informative)

Examples of commonly used highly flammable chemicals

F.1 General

Data on the flammability of a chemical can be found in its Safety Data Sheet.

F.2 Organic

The following are examples of common organic solvents and reagents:
a) Acetaldehyde

b)  Acetone

c) Acetonitrile (methyl cyanide)

d) Benzene

e) Carbon disulfide (auto-ignition temperature 100 °C)
f) Cyclohexane

Q) Cyclohexene*

h) Diethyl ether* (auto-ignition temperature 180 °C)

i) Dioxane*

i) Ethanol ethyl acetate n-Hexane methanol

k) Methyl ethyl ketone Pentane

) Petroleum ether 2-Propanol

m)  Pyrid*ine

n) Tetrahydrofuran*®

0) Toluene

p) Vinyl acetate*

Q) Xylene

*
These chemicals form peroxides.
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F.3 Inorganic and organo-metallic

Sodium and other alkali metals are readily ignited by heat or on contact with water.

Metals in a finely-divided form may be spontaneously combustible, e.g. Raney nickel,
pyrophoric iron. Finely divided materials such as aluminium, magnesium and zinc are easily

ignited.

Metal hydrides such as aluminium hydride, and metal alkyls such as trimethylaluminium are
spontaneously flammable compounds.

Yellow phosphorus ignites on contact with air.
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Annex G
(informative)

Hazardous properties associated with commonly used highly reactive
chemicals

G.1 Scope
This annex lists some of the hazardous properties associated with highly reactive chemicals
commonly used in the laboratory and includes recommendations on safety procedures to be

adopted. For more complete information on safe handling and storage procedures, see the
Safety Data Sheet for the appropriate chemical.

G.2 Acid salts

Acid sallts, e.g. potassium hydrogen sulfate, made by only partially neutralising an acid, retain
the corrosive properties of the acid.

G.3 Sodamide
Sodamide (sodium amide) is a strongly alkaline substance which reacts violently with water

forming ammonia and sodium hydroxide. If contaminated by air, the amide becomes
discoloured and highly unstable.

G.4 Gaseous halogens

Bromine and chlorine are highly toxic gases which affect the respiratory tract. Bromine and
chlorine can form explosive mixtures with hydrogen and volatile hydrocarbon vapours.

Fluorine is violently reactive towards a wide range of substances. Expert advice should be
sought before working with fluorine gas.

Interhalogen compounds are as reactive as the halogens. Those containing fluorine, such as
bromine trifluoride, are explosively reactive with concrete and organic chemicals.

G.5 Metals, metal hydrides, metal alkyls
G.5.1 Alkali metals, lithium, sodium, potassium

Sodium and potassium react explosively with water. They also react violently with carbon
tetrachloride and other halogenated hydrocarbons. Because of their ready oxidation by air
and their sensitivity to water vapour, they are stored under hydrocarbon oil, e.g. paraffin oil.
Lithium is less violently reactive but should still be treated with caution and stored in the same
manner.
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Sodium is frequently used for organic chemical reactions and for drying some organic solvents.
Solvent bottles containing sodium as a drying agent should be clearly labelled and sodium
residues should be destroyed before the empty bottles leave the laboratory. The use of highly
effective molecular sieves or sodium-lead alloy (10 % sodium) is recommended as a safer
alternative form of drying agent.

A small side-bench remote from any source of water should be reserved as a place for storing,
cutting and pressing sodium. When using a sodium press, care should be taken to ensure that
the plunger and die are perfectly clean and dry before use. After use, all sodium metal still
adhering should be removed by soaking the parts in a bath of isopropanol.

Sodium metal residues should be destroyed with isopropanol followed by 95 % ethanol
(industrial methylated spirits is suitable) and the resultant solution discarded. Lithium can be
destroyed by dissolving in an aqueous solution of alcohol.

Considerable caution should be exercise in destroying large amounts of sodium or potassium.
Crusted material is especially dangerous because of the presence of peroxides, particularly in
the case of potassium.

G.5.2 Powdered metals, including magnesium, aluminium, zinc, iron

Magnesium powder and other finely divided metals, e.g. Raney nickel catalyst, are easily
ignited and will bum vigorously.

G.5.3 Metal alkyls

Trimethylaluminium is spontaneously flammable. Butyl lithium and other organolithium
compounds are extremely reactive. Tetramethyl and tetraethyl lead are both highly toxic
materials and are readily flammable (flash points 38 °C and 93 °C respectively). ‘Leaded’ fuels
containing lead alkyls present a toxic hazard, particularly through the absorption of lead
compounds through the skin.

G.5.4 Metal hydrides

The reactivity of metal hydrides with oxygen and hydroxylated solvents (including water) varies
greatly. Aluminium hydrides are spontaneously flammable in air, and special precautions
should be taken in their use. Lithium hydride, sodium hydride and lithium aluminium hydride
are much less reactive to air but react rapidly with water, liberating hydrogen gas, while
potassium borohydride is often employed as a reagent in aqueous solution. Metal hydride
residues can be destroyed with the addition of ethyl acetate, alcohols or dioxane, followed by
water.

G.5.5 Metal phosphides

When in contact with air, metal phosphides liberate very toxic phosphine gas.

G.6 Oxidising agents - chlorates and nitrates
When mixed with combustible materials, chlorates and nitrates can form friction-sensitive

explosive mixtures, e.g. potassium chlorate mixed with sulfur or phosphorus. Spillages of
chlorates and nitrates should be removed for disposal in a controlled environment.
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Annex H
(informative)

Hazardous properties associated with commonly used toxic chemicals

H.1 Scope

This annex lists some of the hazardous properties of the more common toxic substances used
in a chemical laboratory and includes recommendations on their use. The list is selective in
that attention is directed towards substances which should be used with extra care. A more

extensive list of toxic chemicals can be found in Clause A.2 and A.4. The appropriate Safety
Data Sheet should also be referred to.

H.2 Toxic chemicals
H.2.1 Amines

All organic amines have harmful properties, but aniline requires special caution because it is
volatile, and it is readily absorbed through the skin.

H.2.2 Benzene

Benzene is toxic if inhaled or absorbed through the skin and is carcinogenic. Alternative
solvents, e.g. toluene or xylene, should be used where possible.

H.2.3 Bromine
Liquid bromine is very volatile and causes serious burns.
H.2.4 Carbon monoxide

Carbon monoxide is a flammable, odourless, highly toxic gas. Gas monitors are available to
monitor carbon monoxide levels in air.

H.2.5 Carbon disulfide

Carbon disulfide is commonly used in the desorption of substances from charcoal. The solvent
is toxic if inhaled and can cause damage to the central nervous system.

H.2.6 Metal Carbonyl

Nickel carbonyl is an exceptionally toxic gas. Iron carbonyl is a highly toxic liquid.

H.2.7 Chlorinated hydrocarbons

Carbon tetrachloride, chloroform and other chlorinated hydrocarbons are cumulative poisons
which can cause liver damage. Breathing the vapour, or contact of the liquid with the skin,

should be avoided. 1,1,1-trichloroethane (Methyl chloroform) is a comparatively safe substitute
solvent for other chlorinated hydrocarbons.

50 © DEPARTMENT OF STANDARDS MALAYSIA 2028 - All rights reserved



MS 1042-2:2023

Chlorinated hydrocarbons should not be used to clean metal immediately prior to welding, as
the vapours are converted to toxic phosgene in the welding arc.

H.2.8 Chromium compounds
Hexavalent chromium compounds can cause skin ulcerations and nasal cancer.
H.2.9 Cyanides, hydrogen cyanide

Inorganic cyanides (e.g. potassium cyanide) are highly toxic. Particular care should be taken
when acidifying cyanide solutions as toxic hydrogen cyanide is liberated. Emergency
procedures should be prepared in consultation with the local medical authorities.

H.2.10 Ethidium bromide

Ethidium bromide is a strong mutagen commonly used in molecular biology laboratories in
dilute solutions. In the event of the solid being used, the generation of dusts should be avoided
as it is an irritant to the upper respiratory tract.

H.2.11 Formaldehyde

Pure formaldehyde is a colourless gas and is generally used in laboratories as an aqueous
solution of approximately 37 %. Formaldehyde is a carcinogen and a risk assessment should
reflect the need for adequate ventilation to minimise exposure.

Acid fluorides are very damaging to skin tissue and bone. Skin contact with concentrated
hydrofluoric acid or inhalation of its vapour has caused many serious injuries, even death.
Where hydrofluoric acid is handled, always have calcium gluconate gel antidote available.
Handling, storage and use of these materials requires particular attention.

H.2.12 Hydrofluoric acid, hydrogen fluoride, potassium hydrogen fluoride

Acid fluorides are very damaging to skin tissue and bone. Skin contact with concentrated
hydrofluoric acid or inhalation of its vapour has caused many serious injuries, even death.
Where hydrofluoric acid is handled, always have calcium gluconate gel antidote available.
Handling, storage and use of these materials requires particular attention.

H.2.13 Lead salts and lead-containing dusts

Lead compounds produce serious chronic effects, so breathing their dusts should be avoided.
Because of the cumulative effect, regular monitoring of blood levels should be carried out for
those exposed to lead compounds.

H.2.14 Mercury

Mercury vapour produces chronic poisoning and harmful amounts can be absorbed through
the skin. The use of apparatus with an exposed mercury surface should be avoided except
where access to atmospheric air pressure is required such as in a barometer, dropping mercury
electrode and porosimeter. Spill trays should be placed under any equipment containing
mercury. A portable mercury vapour meter or detector tubes should be used to monitor areas
where mercury is in. All spilled mercury should be immediately cleaned up as thoroughly as
possible (see Clause C.2 (d)).
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H.2.15 Nitrobenzene
Nitrobenzene is a highly toxic liquid and is readily absorbed through the skin or by inhalation.
H.2.16 Phenol

Phenol is used in some syntheses and can cause skin burns. Phenol (and solutions greater
than 5 %) have a corrosive action on tissues.

H.2.17 Pyridine

Quite small concentrations of pyridine vapour produce unpleasant debilitating effects. It has a
penetrating odour which should be taken as a warning that the vapour concentration is too high.

H.2.18 Sulfur dioxide

Sulfur dioxide is a very irritating, toxic and corrosive gas, generally supplied in a liquefied form
in cylinders.

H.2.19 Thallium and its compounds

Serious poisoning can result from the inhalation, or absorption of thallium salts through the skin.
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Annex |
(informative)

Hazardous properties associated with commonly used corrosive
substances

.1 Scope
This annex lists some of the hazardous properties associated with corrosive substances
commonly used in the laboratory and includes recommendations on safety procedures to be

adopted. For more complete information on safe handling and storage of corrosive substances,
see AS 3780 and the Safety Data Sheet for the appropriate chemical.

.2 Strong acids
.21 Hydrochloric acid, hydrogen chloride

Hydrochloric acid is a corrosive liquid and the gas evolved from the concentrated acid,
hydrogen chloride, is a very toxic irritant.

.2.2 Hydrofluoric acid, hydrogen fluoride
See Annex H.2.12.
.2.3  Nitric acid, fuming nitric acid

Nitric acid is a highly corrosive oxidising acid which reacts vigorously with most organic
substances. Nitric acid fumes comprised of highly toxic nitrogen dioxide.

.2.4 Sulfuric acid, oleum and chlorosulfonic acid

Sulfuric acid, oleum and chlorosulfonic acid react vigorously with water, the reaction of oleum
being especially dangerous. These acids are dehydrating agents capable of removing
chemically bound water from organic and inorganic substances. Reactions with organicmaterial
often produce charring, with copious emission of sulfur dioxide. In some instances, the reaction
evolves flammable gases.

Oleum (fuming sulfuric acid) reacts with vinyl floors, producing copious quantities of sulfur
dioxide.

Reactions of some stable materials with sulfuric acid or oleum can produce explosive acids or
oxides, such as permanganic acid from potassium permanganate, chloric acid from sodium
chlorate or hydrazoic acid from sodium azide.

.2.5 Acid cleaning mixtures

Acid cleaning mixtures, e.g. chromic/sulfuric acid, aqua regia, fluoride-containing mixtures,
present all of the dangers associated with the use of the parent acid. Additional hazards are
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associated with the presence of toxic hexavalent chromium compounds in chromic/sulfuric acid.
Detergents have now replaced acid cleaning mixtures for the majority of applications.

Solutions of chromic acid react very violently with alcohols and some other organic liquids.

1.3 Strong bases
1.3.1  Sodium hydroxide, potassium hydroxide, calcium oxide

Sodium hydroxide, potassium hydroxide and calcium oxide generate heat on contact with water
and can attack body tissue. They also react violently with mineral acids. When touched without
gloves, these chemicals have an initially soapy or slippery feel, which can falsely lower the
impression of their corrosiveness.

1.3.2 Ammonia solutions

Ammonia solution (density at 20 °C 0.88 g/ml) a 35 % solution of ammonia in water has similar
properties to those of a caustic alkali. In addition, it liberates pungent, toxic ammonia gas. Great
care should be taken when opening bottles of ammonia solution as any internal pressure can
release an expanding cloud of gas. Ammonia solution should be kept cool and used only in a
fume cupboard.

1.4 Halides - boron trichloride, boron tribromide, silicon tetrachloride,
aluminium chloride, titanium chloride

Direct addition of these substances to water produces a violent or explosive reaction. They

should not be handled near water or allowed to contact the skin. Spillages should be absorbed
with vermiculite and removed to be destroyed with water under controlled conditions.
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Annex J
(informative)

Hazardous properties associated with commonly used unstable
substances

J.1 Scope

This annex lists some of the hazardous properties associated with unstable chemicals
commonly used in some laboratories and provides recommendations on handling the
substances. Further information can be obtained from relevant Safety Data Sheet.

J.2 Unstable substances

J.2.1  Acetylene and acetylides

Acetylene reacts with salts of silver and copper, and in some circumstances with the metal
itself, to form acetylides which are touch-sensitive detonators. Acetylene should not be allowed
to come into contact with copper or any alloy containing more than 65 % copper.

J.2.2 Azides and silvering solutions

The use of sodium azide (the only common stable azide) in any chemical procedure may lead
to formation of an explosive azide or explosive hydrazoic acid.

The solutions of ammoniacal silver nitrate, commonly used for silvering glass and in some
chemical tests, tend to form silver azide on standing, which is explosive. It is essential that the
correct procedure is followed in preparing the solution. Within an hour or so of preparation, any
unused solution should be treated with sodium chloride to precipitate the silver and destroy any
silver azide.

J.2.3 Azo and diazo compounds

Azo and diazo compounds should be treated as dangerously unstable, toxic compounds,
unless there is evidence to the contrary.

J.2.4 Chlorates and perchlorates
Most chlorates and perchlorates, including the acids, are dangerously unstable (see Annex K).
J.2.5 Chlorides of aluminium, silicon, tin (IV) and titanium

Chlorides of aluminium, silicon, tin (IV) and titanium are readily hydrolysed to produce hydrogen
chloride gas, and consequently resealed bottles or ampoules of the substances can develop
high pressures (see Clause G.4).

J.2.6 Ethers, dioxane, tetrahydrofuran

Ethers, dioxane and tetrahydrofuran, and other less common substances which contain the
ether group, are especially prone to aerial oxidation producing peroxides. Ethers which contain
peroxide are liable to explode. Partially filled bottles of ether should not be kept for long periods.
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When a partially filled bottle of ether is seldom used, it is advisable to safely dispose of the
remaining material.

Where viscous liquid is apparent in the ether solution or it contains crystalline solid, this may
indicate the formation of peroxide. Formations of peroxides to this extent are dangerous and
need to be handled with caution. These solutions and those of unknown history should be
disposed of safely and appropriately in accordance with local regulations.

Ethers which contain peroxide should not be distilled during the latter stages of the distillation
as the concentrated residue of peroxide is liable to explode. Even if an ether has been treated
to destroy peroxide, the distillation should be stopped when about 15 % of the solvent remains
in the flask. Solvent recovery of ether should be avoided; however, if performed, an appropriate
stabiliser should be added before storage. Some available products contain a stabiliser.

J.2.7 Monomers

Monomers are chemicals that are generally liquids or gases and are capable of forming heavier,
higher molecular weight compounds by self-reaction, i.e. they are capable of spontaneous
auto-polymerisation.

In transport and storage, monomers are rendered safe by the presence of inhibitor chemicals.
Occasionally, accidents occur, e.g. where the more volatile monomer vaporises and separates
from the less volatile inhibitor, followed by condensation.

Auto-polymerization can occur rapidly, with generation of considerable heat, and can result in
an explosion. Polymerisation reactions can be terminated by free radical scouring through
addition of prescribed agents.

J.2.8 Nitro-compound, picric acid, trinitrobenzene

Highly nitrated organic compounds are potentially explosive, but they are comparatively safe
if kept damp and stored in a cool place. Any kind of rubbing, scratching or abrasion of the
compounds should be avoided.

J.2.9 Peroxides

Concentrated hydrogen peroxide should be handled with care. If contaminated with organic or
particulate matter, it decomposes very rapidly to produce a spray of material.

Inhalation of the spray is unpleasant and continued exposure-to the material is dangerous.
At the conclusion of reactions using hydrogen peroxide, the excess should be chemically
destroyed.

Peroxides can form in bottles (even if unopened) containing organic compounds, particularly
after long storage. Ethers are best known for this hazard but accidents have occurred also with
medium-chain aliphatic ketones, olefins and aromatic hydrocarbons containing the isopropyl

group.

Organic peroxides are generally unstable and may explode violently. They decompose at
temperatures below 100 °C and any rise in temperature above room temperature considerably
increases the risk of explosion. Benzoyl peroxide is comparatively safe if stored damp at room
temperature in a cool place. The quantity of organic peroxide stored in any one place should
be strictly limited. Further information on peroxides can be obtained from Safety Data Sheet.
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Annex K
(informative)

Hazards associated with the use of perchloric acid

Introduction

Perchloric acid has become an indispensable reagent in some types of chemical analysis.
Although numerous accidents and explosions have been reported, many chemists are not
sufficiently aware of the hazards connected with its improper use. However, perchloric acid can
be used safely, provided that the user possesses a knowledge of its properties and takes
appropriate precautions. This annex recommends safe handling procedures for the perchloric
acid reagent used for wet digestions, and not for the anhydrous acid (the pure, anhydrous acid
is not encountered in normal laboratory operations). The Safety Data Sheet should also be
referred to.

K.2 Properties of perchloric acid

The properties of perchloric acid are as follows:

a)

b)

The reagent is generally supplied as a 60 % or 70 % to 72 % (w/w) concentration of
HCIO4 in water.

Perchloric acid forms an azeotropic mixture with water containing 72.5 % of HCIO4, and
boiling at 203 °C at 101 kPa pressure, therefore the evaporation of an aqueous solution
will not produce an acid of concentration greater than 72 %.

Perchloric acid is a strong acid at room temperature, and contact with the skin, eyes or
respiratory tract will procedure severe burns.

As the temperature is raised it becomes an oxidising acid and a dehydrating agent. At its
boiling point, 72 % of HCIO4 will react violently with organic matter or other combustible
material, but it loses its oxidising properties entirely when cooled and diluted with water.

Contact of perchloric acid solution with strong dehydrating agents such as sulfuric acid,
phosphorus pentoxide or acetic anhydride may result in the formation of anhydrous
perchloric acid which is extremely unstable, and will explode on contact with organic
material.

Vapour from undiluted perchloric acid forms violently explosive mixtures with flammable
gases. Where practical, perchloric acid should be used in its most dilute form.

Pure, anhydrous perchloric acid has been documented to spontaneously explode,
particularly on storage.
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K.3 Hazards associated with the use of perchloric acid

Reactions of perchloric acid with organic or combustible material usually occur when perchloric
acid is added to a sample which has not been sufficiently treated with nitric acid to remove
easily oxidised material. Provided that nitric acid is present in sufficient quantity to prevent
blackening, the triple mix HNO3/H2SO4/HCIO4 is a safe oxidising mixture.

Combustible materials, such as sawdust, wood, paper, natural fibre bags, cotton waste, rags,
grease, oil and most organic compounds contaminated with perchloric acid solution are highly
flammable. Such materials may ignite spontaneously or explode on heating, by flame, impact
or friction. Rinsing the material in cold water will remove perchloric acid and reduce the hazard.
Possible sources of unstable perchlorates are:

a) perchlorate crystals around the tops of reagent bottles stored for lengthy periods after
opening;

b) metallic or organic perchlorates deposited in improperly designed fume hood systems;
C) reaction of perchloric acid fumes with grouting material used to seal stoneware hoods;

d) reaction of perchloric acid fumes with lubricants used in blower system of the fume
cupboard;

e) reaction of perchloric acid fumes with metals used in ductwork systems of a fume
cupboard;

f) reaction of perchloric acid fumes with flammable material deposited in bends or porous
construction materials in horizontal runs in ductwork; and

Q) deposition of perchlorate salts in the burner slot from aspirating aqueous solutions of
perchloric acid into an atomic absorption spectrometer.

K.4 Safe working conditions
The following conditions are recommended for the use of perchloric acid in the laboratory:

a) Work involving the use of perchloric acid should be carried out in a suitable water
scrubbing fume cupboard, reserved for this purpose.

b) Perchloric acid should not be allowed to contact organic matter of any kind including
wooden benches, wooden floorboards or vinyl tiles. The floor material in the vicinity of
the fume cupboard should be inert to perchloric acid, non-absorbent and free from
cracks. Wax floor polish or other organic finishes should not be used.

c) Where perchloric acid is to be used regularly, consideration should be given to setting
aside an area of the laboratory solely for the work.

d) Perchloric acid should only be stored in designated locations. Bottles of perchloric acid
should be stored in watertight trays or containers (and caps) made from inert material

58 © DEPARTMENT OF STANDARDS MALAYSIA 2028 - All rights reserved



MS 1042-2:2023

and of sufficient size to hold the contents of a bottle. Bottles should be carried in suitable
carriers.

Only minimum quantities of perchloric acid should be retained in the laboratory area.

Spillages should be neutralised with soda ash and flushed with water.

K.5 Laboratory practice

The following practices should be observed when using perchloric acid in the laboratory:

a)

The supervisor should ensure that any person intending to use perchloric acid is
knowledgeable about the possible hazards and is aware of the appropriate safety
requirements.

Stocks of perchloric acid should be maintained at the practicable minimum.

Where perchloric acid is to be used as a mixed reagent, e.g. with nitric acid, pre-mixing
of these reagents for stock should not be performed. Only the immediately required
quantity should be mixed.

Stocks should be examined periodically, and any suspect material diluted with water and
disposed of immediately by careful neutralisation.

Organic chemicals should not be placed or used in fume cupboards employed for
perchloric acid digestions.

The nature of materials and containers stored beneath fume cupboards set aside for
perchloric acid should be reviewed critically.

Safety screens or shields should be used by operators carrying out perchloric acid
digestions.

Oil baths should not be used for heating perchloric acid solutions. Glass-to-glass unions,
corks, rubber tubes or stoppers, or mineral-based grease should not be used in
apparatus for perchloric acid digestions. The following apparatus should be used:

i) heat-resistant reaction beakers, flasks or test tubes; and
ii) electric hotplates, cast aluminium heating blocks or sands baths.

In wet digestions with perchloric acid, the minimum sample quantity consistent with the
requirements for analytical precision should be used and the sample should be pre-
treated with nitric acid to destroy easily-oxidisable matter. Nitric acid should always be
used to pre-treat organic matter, or any material of unknown composition or behaviour
prior to treatment with perchloric acid.

For digestions involving matter which may form an immiscible phase, especially fat, very
careful preliminary treatment with nitric acid (or nitric acid and sulfuric acid if permissible)
should be carried out.
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K) Evaporation to dryness should be avoided where possible. Perchloric acid should not be
allowed to concentrate above 72 % aqueous solution. However, if complete digestion is
required (where all trace of perchloric acid is to be boiled off), a sulfuric acid/perchloric
acid/nitric acid digestion mixture should be used.

K.6 Dismantling an exhaust ventilation system suspected of
contamination with perchlorates

To dismantle an exhaust ventilation system suspected of contamination with perchlorates
requires specialist knowledge and assessment.
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