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SOP-02: Electrical Safety

1 Overview

1.1 Purpose

The purpose of this Health, Safety and Environment (HS) Standard Operating Procedure
(SOP) is to provide a detailed procedure pertaining to electrical safety associated with
activities undertaken at Qatar University (QU).

1.2 Hazards and Risks

1.2.1 Electrical Hazards

An electrical hazard is a dangerous condition such that contact or equipment failure can
result in electric shock, arc flash burn, thermal burn, or blast.

Electrical hazards also include being exposed to live electricity through contact with live
wires or working near high voltage overhead conductors, transformers or electrical
switchgear.

1.2.2 Risks and Potential OQutcomes

Major impacts of electrical hazards include electric shock, arc flash/blast, and fires. These
impacts can result in explosions, burns, electrocution, and death.

The severity and effects of an electrical shock depend on a number of factors, such as the
pathway through the body, the amount of current and the length of the exposure time. Other
factors that may affect the severity of the shock are the voltage of the current, presence of
moisture in the environment, the phase of the heart cycle when the shock occurs, and the
general health of the person prior to the shock.

Arc flash/blast occurs when electric current flows through air gaps between conductors.
Typical results from an arc flash/blast include:

e Burns (Non fire resistant clothing can burn onto skin)

e Fire (could spread rapidly through a building)

e Flying objects (often molten metal)

e Blast pressure (upwards of 9,750 kilogram-force / sq. meter)
e Sound Blast (noise can reach 140 dB - loud as a gun)

e Heat (upwards of 19,500 degrees C)

Sparks from electrical devices can serve as an ignition source for flammable or
explosive vapours or combustible material.
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1.3 Key Terminology

Table 1. Key Terms

Term

Definition

Insulator An insulator is a substance with such a high resistance that it can be used
to prevent the flow of electrical current.

Grounding Grounding refers to the process of connecting an object directly to ground,
the earth, or to a conductive body that extends the ground connection.

Arc flash A flashover of electric current leaves its intended path and travels through

the air from one conductor to another, or to ground. The results are often
violent and when a human is in close proximity to the arc flash, serious
injury and even death can occur.

Quialified worker
or person

One who has demonstrated skills and knowledge related to the
construction and operation of electrical equipment and installations and
has received safety training to identify and avoid the hazards involved.

Ground fault
circuit interrupter
(GFCI)

A device intended for the protection of personnel that functions to DE
energize a circuit or portion thereof within an established period of time
when a current to ground exceeds the values established

2 Scope

The requirements outlined in this SOP are applicable to all QU workers, students,
contractors, and visitors who are working for QU, and/or conducting work on QU premises.
The following subsections outline some of routine and non-routine activities in which the
conditions covered by this technical guidance may be encountered.

2.1 Routine

Electricity is integral to all areas of QU. It presents the greatest hazard and risk during the
following routine activities:

e General office work involving electrically powered equipment

e Routine building maintenance

e Use of laboratory equipment

e Use of kitchen equipment

2.2 Non-routine

QU workers or contractors may be involved in or near non-routine activities that present
electrical hazards. These could include:

e Testing or maintenance of building-wide or campus-wide electrical systems

e Opening of electrical panels, switchgear, or transformers

e Construction activities near overhead electrical wires

e Underground construction activities near buried electrical wires
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3 Roles and Responsibilities

Each employee should be on the alert for hazardous conditions and promptly report any to
the Health & Safety Section (HS).

The department is responsible for the correction of any operational deficiencies that are
discovered. Facility deficiencies must be reported to the HS.

The QU Departments are the primary organization responsible to implement and maintain
sound electrical safety practices and that assure safety compliance in their respective areas.

3.1 VPs, Deans, Directors, Managers, Head Sections

VPs, Deans, Directors, Managers, Head Sections/Units and Project Managers have the
primary responsibility of directing and managing electrical safety and therefore have
responsibility for assuring sound safety practices and compliance within the Department and
Colleges. They are ultimately responsible for enforcing consequences arising from
moderately serious and very serious incidents.

3.2 Employees, Contractors and Students

Employees, contractors and students are responsible for compliance with safety regulations
and this SOP, as applicable.

3.3 Health & Safety Section (HSS)

The HSS is responsible for Electrical Safety Orientation on an annual basis or as need arises
to all workers, faculties, and students.

4 Risk Prevention

4.1 General Prevention Requirements

The following prevention practices should be followed to minimize the potential risk
associated with electrical hazards:

e Ensure a competent person is engaged / called to perform tasks on exposed live
electrical components.

e Use double-insulated tools.

e Ground all exposed metal parts of a device.

e Use all equipment devices according to the manufacturer’s instructions.
e Do not modify cords or use them incorrectly.

e Inspect wiring of equipment devices before each use.

e Replace damaged or frayed electrical cords immediately.

e Use safe work practices every time electrical equipment is used.

e Know the location and how to operate shut-off switches and/or circuit breaker panels.
Use these devices to shut off the equipment in the event of a fire or electrocution.

e Limit the use of extension cords. Use only for temporary operations and only for short
periods of time. In all other cases, request installation of a new electrical outlet.
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e Multi-plug adapters must have circuit breakers or fuses.
e Place exposed electrical conductors behind shields.
e Minimize the potential for water or chemical spills on or near electrical equipment.

e Equipment and electronic systems must conform to the National Electric Code,
National Fire Protection Association Code (NFPA) 70E and KAHRAMAA requirements.
Compliance must be adjudicated by licensed electricians or duly trained personnel.

e Insulated tools or handling equipment shall be used by staff working near exposed
energized conductors or circuit parts if the tools or handling equipment might make
contact with such conductors or parts. If the insulating capability of insulated tools or
handling equipment is subject to damage, the insulating material shall be protected.

e Protective shields, protective barriers, or insulating materials must be used to protect
workers from shock, burns, or other electrically related injuries while staff are working
near exposed energized parts which might be accidentally contacted or where
dangerous electric heating or arcing might occur. Under no circumstances may a non-
qualified person be within the limited approach boundary of exposed energized
equipment.

e When normally enclosed live parts are exposed for maintenance or repair, they are to
be guarded to protect unqualified persons from contact with the live parts.

e Fuse Handling Equipment insulated for the circuit voltage shall be used to remove or
install fuses when the fuse terminals are energized.

e Ropes and Hand-lines used near exposed energized parts shall be nonconductive.

4.2 Maintenance, Inspection and Testing
]

QU shall ensure that an appropriate inspection, maintenance and testing arrangements
are in place for all electrical systems. Where a contractor is responsible for the
electrical systems, QU shall ensure prior to engaging the contractor, that they an
appropriate inspection, maintenance and testing program in place.

QU shall periodically review the effectiveness of their maintenance, inspection and
testing provisions to determine on-going asset performance/condition, and
maintenance effectiveness.

4.3 Specific Prevention Methods
|

4.3.1 Insulation

All electrical cords should have sufficient insulation to prevent direct contact with wires
and should be checked prior to each use. Before each use, portable cord- and plug-
connected equipment shall be visually inspected for external defects (such as loose
parts or deformed and missing pins) and for evidence of possible internal damage
(such as a pinched or crushed outer jacket).

If there is a defect or evidence of damage that might expose a worker to injury, the
defective or damaged item shall be removed from service. No worker shall use it until a
person(s) qualified to perform the repairs and tests necessary to render the equipment
safe has done so.
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4.3.2

Guarding

Live parts of electric equipment operating at 50 volts or more must be guarded against
accidental contact. Plexiglas shields may be used to protect against exposed live parts.

4.3.3

Grounding

When properly done, current from a short or from lightning follows this path, thus
preventing the buildup of voltages that would otherwise result in electrical shock, injury
and even death.

System or service ground consists of a wire called “the neutral conductor” grounded at
the transformer and again at the service entrance of the building. This is primarily
designed to protect machines, tools and insulation against damage.

Equipment ground is intended to offer enhanced protection to the workers themselves.
If a malfunction causes the metal frame of a tool to become energized, the equipment
ground provides another path for the current to flow through the tool to the ground.
Grounded equipment has a power cord equipped with a three-pronged plug.

4.3.4

Circuit Protection Devices

Circuit protection devices are designed to automatically limit or shut off the flow of
electricity in the event of a ground-fault, overload or short circuit in the wiring system.
Fuses, circuit breakers, and ground-fault circuit interrupters are three well-known
examples of such devices.

Fuses and circuit breakers prevent over-heating of wires and components that might
otherwise create fire hazards. They disconnect the circuit when it becomes overloaded.
This overload protection is very useful for equipment that is left on for extended periods
of time.

The ground-fault circuit interrupter, or GFCI, is designed to shutoff electric power if a
ground fault is detected, protecting the user from a potential electrical shock. The GFCI
is particularly useful near sinks and wet locations. Since GFCls can cause equipment
to shutdown unexpectedly, they may not be appropriate for certain apparatus. Portable
GFCI adapters (available in most safety supply catalogs) may be used with a non-GFCI
outlet.

4.3.5

Motors

Motor-driven electrical equipment should be equipped with non-sparking induction
motors or air motors. These motors must meet National Electric Safety Code, NFPA
70E, Class 1, Division 2, Group C-D explosion resistance specifications and/or QCS
2010 Electrical Standards.

Avoid series-wound motors, such as those generally found in some vacuum pumps,
rotary evaporators and stirrers. Series-wound motors are also usually found in
household appliances such as blenders, mixers, vacuum cleaners and power drills.
These appliances should not be used unless flammable vapors are adequately
controlled.
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5 Safe Work Practices

5.1 General Work Practices
I

The following practices may reduce risk of injury or fire when working with electrical equipment
and must be followed by all workers unless specifically qualified:

e Avoid contact with energized electrical circuits. All electrical circuit conductors and
circuit parts shall be considered energized until the source(s) of energy is (are)
removed.

e Follow the buddy system when performing electrical works.
e Disconnect the power source before servicing or repairing electrical equipment/devices.

e When it is necessary to handle equipment that is plugged in, be sure hands are dry
and, when possible, wear nonconductive gloves and shoes with insulated soles.

e Minimize the use of electrical equipment in cold rooms or other areas where
condensation is expected. If equipment must be used in such areas, mount the
equipment on a wall or on a vertical panel.

e If water or a chemical is spilled over equipment, shut off the power at the main switch
or circuit breaker and unplug the equipment.

e If an individual has come in contact with a live electrical conductor, do not touch the
equipment, cord or the individual. Disconnect the power source from the circuit breaker
or pull out the plug using a leather belt.

”ou " ou

e Avoid contact with known hazards such as “high voltage”, “high temperature”, “possible

shock”, “wear protective equipment”, etc.

e Repairs of high voltage or high current equipment should be performed only by trained
electricians.

e Before staff and contractors may be exposed to or work on or near live parts or circuits
they must be de energized unless the employer can demonstrate that de-energizing
introduces additional or increased hazards or is unfeasible due to equipment design or
operational limitations.

e If the exposed live parts are not de-energized (i.e., for reasons of increased or
additional hazards or unfeasibility), only qualified workers may perform work within the
area. Additional safety related work practices shall be used to protect staff and
contractors who may be exposed to the electrical hazards involved. Such work
practices shall protect staff and contractors against contact with energized circuit parts
directly with any part of their body or through some other conductive object. The work
practices that are used shall be suitable for the conditions under which the work is to be
performed and for the voltage level of the exposed electric conductors or circuit parts.

5.2 Specific Work Practices
|

A qualified worker is one who has demonstrated skills and knowledge related to the
construction and operation of electrical equipment and installations and has received
safety training to identify and avoid the hazards involved. Only qualified workers may
work on electric circuit parts or equipment that has not been de-energized. Equipment
or electric circuit parts should be de-energized following lock-out / tag-out procedures, if
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possible, prior to performing work. Refer to HSEMS Technical Guidance TG-02
Lockout / Tagout for additional information.

If equipment cannot be de-energized and due to the unique hazards to which qualified
workers may be exposed, the following safety precautions must be followed:

Staff and contractors shall not enter spaces containing exposed energized parts,
unless illumination is provided that enables the staff to perform the work safely.

Staff and contractors are not to perform tasks on or near exposed energized parts
where there is a lack of illumination or an obstruction which precludes observation
of work to be performed.

For confined or enclosed work spaces, prior to entry staff and contractors must be
trained in the confined space entry requirements. For staff and contractors
working in confined or enclosed spaces such as manholes or vaults that contain
exposed energized parts, they shall be provided with protective shields, protective
barriers, or insulating materials as necessary to avoid inadvertent contact with
these parts. Doors, hinged panels and the like shall be secured to prevent their
swinging into staff and causing the staff and contractor to contact exposed
energized parts.

Conductive materials or equipment that is in contact with any part of a staff
member or contractor's body shall be handled in a manner that will prevent the
staff from contacting exposed energized conductors or circuit parts.

If a worker must handle long dimensional conductive objects (such as ducts and
pipes) in areas with exposed live parts, the employer shall institute work practices
(such as the use of insulation, guarding, and material handling techniques) which
will minimize the hazard.

All portable ladders shall be non-conductive if to be used by staff and contractors
exposed to energized parts.

Staff and contractors are not allowed to wear conductive articles of jewellery and
clothing such as watch bands, bracelets, rings, key chains, necklaces, metalized
aprons, cloth with conductive thread, or metal headgear if they might contact
exposed energized parts. However, such articles may be worn if rendered non-
conductive by covering or wrapping with an insulating material.

Housekeeping duties shall not be performed close enough for possible contact
with live parts, unless adequate safeguards such as insulating equipment or
barriers are provided.

Electrically conductive cleaning materials including conductive solids such as steel
wool, metalized cloth, and silicon carbide, as well as conductive liquid solutions
shall not be used near energized parts unless procedures are followed which
prevent electrical contact.

Only qualified workers are allowed to defeat an electrical safety interlock following
the above specified procedures for working on or near exposed energized parts,
and then only temporarily while they are working on the equipment. Also, the
interlock system will be returned to its operable condition when this work is
completed and verified to be operational.



QATAR UNIVERSITY
HS Standard Operating Procedure

5.3 Use of Equipment
|

The following precautions apply when using electrically powered equipment.

53.1

General precautions

All portable electric equipment and flexible cords used in highly conductive work
locations, such as those with water or other conductive liquids, or in places where staff
are likely to contact water or conductive liquids must be approved for those locations.

Workers’ hands shall not be wet when plugging and unplugging flexible cords and cord-
and-plug connected equipment, if energized equipment is involved. If the connection
could provide a conducting path to staff hands, (if, for example, a cord connector is wet
from being immersed in water) the energized plug and receptacle connections must be
handled only with insulating protective equipment. Locking-type connectors shall be
properly locked into connector

Where flammable or ignitable materials are present only occasionally, electric
equipment capable of igniting them shall not be used unless measures are taken to
prevent hazardous conditions from developing. Materials include, but are not limited to;
flammable gases, vapours, or liquids; combustible dust; and ignitable fibers or filings.

53.2

Portable equipment

Portable electrical equipment applies to the use of cord and plug connected equipment
and flexible cord sets (extension cords).

Portable equipment shall be handled in a manner which will not cause damage.
Flexible electric cords connected to equipment may not be used for raising or lowering
the equipment.

Flexible cords are not to be fastened with staples or otherwise hung in such a fashion
as to damage the outer jacket or insulation.

Portable cord and plug connected equipment and flexible cord sets (extension cords)
shall be visually inspected before use on any shift for external defects such as loose
parts, deformed and missing pins, or damage to outer jacket or insulation and for
possible internal damage such as pinched or crushed outer jacket.

When defects or evidence of damage which might expose staff to injury are detected,
the defective or damaged item shall be removed from service and no person shall use
it until it is repaired and tested to ensure it is safe for use.

5.3.3

Grounded equipment

Flexible cords used with grounded equipment shall contain an equipment grounding
conductor.

Attachment plugs and receptacles may not be connected or altered in any manner
which would prevent proper continuity of the equipment grounding conductor at the
point where plugs are attached to receptacles. Additionally, these devices may not be
altered to allow the grounding pole to be inserted into current connector slots. Clipping
the grounding prong from an electrical plug is prohibited.

Adapters which interrupt the continuity of the equipment grounding connection may not
be used.
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5.3.4 Electric Power and Lightings Circuits

e Load rated switches, circuit breakers, or other devices specifically designed as
disconnecting means shall be used for the opening, reversing, or closing of circuits
under load conditions.

e Cable connectors not of the load-break type, fuses, terminal lugs, and cable splice
connections may not be used for opening, reversing, or closing circuits under load
conditions except in an emergency.

e After a circuit is de-energized by a circuit protective device (e.g., blown fuse, tripped
GFCI), the circuit may not be manually re-energized until it has been determined that
the equipment and circuit can be safely energized. The repetitive manual re-closing of
circuit breakers or re-energizing circuits through replaced fuses is prohibited. When it
can be determined from the design of the circuit and over current devices involved that
the automatic operation of a device was caused by an overload rather than a fault
condition, no examination of the circuit or connected equipment is needed before the
circuit is re-energized.

e Over-current protection of circuits and conductors may not be modified, even on a
temporary basis.

5.3.5 Test Equipment and Instruments

e Only qualified persons may perform testing work on electric circuits or equipment.

e Test instruments and equipment including all associated test leads, cables, power
cords, probes and connectors shall be visually inspected for external defects and
damage before the equipment is used. If there is a defect or evidence of damage that
might expose a worker to injury, the defective or damaged item shall be removed from
service, tagged out of service and no staff may use it until repairs and tests necessary
to render the equipment safe have been made.

e Test instruments, equipment, and their accessories shall be rated for the circuits and
equipment to which they will be connected and designed for the environment in which
they will be used.

5.4 Personal Protective Equipment (PPE)
|

Staff working in areas where there are potential electrical hazards shall be provided with and
shall use electrical protective equipment that is appropriate for the specific parts of the body
to be protected and for the work to be performed.

The following general requirements apply to PPE used to guard against electrical hazards:

e Protective equipment shall be maintained in a safe, reliable condition, and periodically
inspected or tested.

e If the insulating capability of protective equipment may be subject to damage during
use, the insulating material shall be protected by covering with leather or other
appropriate materials.

e Nonconductive head protection shall be worn whenever there is danger of head injury
from electric shock or burn due to contact with exposed energized parts.
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e Protective equipment for the eyes or face shall be worn whenever there is danger of
injury to the eyes or face from electric arcs, flashes or flying objects resulting from
electrical explosion.

55 Warning devices
|

The following alerting techniques are used to warn and protect staff from electrical shock
hazards, burns, or failure of electric equipment parts.

Safety signs, safety symbols, or accident prevention tags are to be used where
necessary to warn staff about electrical hazards which may endanger them.

Barricades are used in conjunction with safety signs where necessary to prevent
or limit staff access to work areas exposing staff to un-insulated energized
conductors or circuit parts. Conductive barricades may not be used where they
might cause an electrical contact hazard.

If signs and barricades do not provide sufficient warning from electrical hazards,
an attendant is to be stationed to warn and protect staff.

Workers exposed to an electrical hazard when the risk associated with that hazard is
not reduced to a safe level by the applicable electrical installation requirements shall be
trained.

QU shall ensure that no person is engaged in any work activity on or in the vicinity of
electrical systems unless such person has the competency gained from training,
technical knowledge and experience of the precautions to be taken against the risk of
death or personal injury, and is under such degree of supervision as may be
appropriate having regard to the nature of the work.

Refer to QU HSEMS Section 11.0: Training and Competency Procedure for
additional information regarding training processes.

6.1 General Worker Training
]

The type and extent of training shall be determined by the risk to the worker and shall
include:

Sufficient information to provide the worker with an understanding of the specific
hazards and risks associated with electrical energy.

Safety-related work practices and procedural requirements, as necessary and as
identified in the risk assessment / this procedure, to provide protection from the
electrical hazards associated with their respective job or task assignments.

Information to identify and understand the relationship between electrical hazards
and possible injury.

Reporting procedure in the event of incidents involving electrical systems.

The required training shall be classroom, on-the-job, or a combination of the two.

10
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6.2 Specific Worker Training

In addition to the training requirements identified above in Section 6.1, a qualified worker, at a
minimum, shall be:

e trained and knowledgeable in the construction and operation of equipment or a
specific work method;

e trained to identify and avoid the electrical hazards that might be present with respect
to that equipment or work method; and

o familiar with the proper use of the special precautionary techniques, applicable
electrical policies and procedures, PPE, insulating and shielding materials, and
insulated tools and test equipment.

A person can be considered qualified with respect to certain equipment and methods but still
are unqualified for others.

6.3 Training Documentation

QU shall maintain a record of required training and attained competency with respect to
electrical safety for all persons working on or in the vicinity of electrical systems.

7 Document Control

This SOP is a controlled document. The controlled version of this SOP is located on the QU
Documentation Management System.

Any printed copies of this controlled document are reference copies only. It is the
responsibility of all of those with printed copies to ensure their copy is kept up to date.

Refer to QU HSEMS — Document Control and Record Retention.

8 References

NFPA 70E, Standard for Electrical Safety in the Workplace, National Fire Protection
Association, 2015 Edition.

US Occupational Safety and Health Administration Regulations, 29 CFR 1910.
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SOP-03: Compressed Gas Cylinders

1  Overview

1.1 Purpose

To provide procedure for the safe handling and use of portable compressed gas cylinders.
Compressed gases are unique in that they represent both a physical and potential chemical

hazard (depending on the particular gas).

1.2 Hazards and Risks

1.2.1  Hazard Definition

The gases contained in these cylinders vary in chemical properties, ranging from inert and
harmless to toxic and explosive. The high pressure of the gases constitutes a serious hazard
in the event that the cylinders sustain physical damage and/or are exposed to high

temperatures.

1.2.2 Potential Outcomes

Potential risks from mishandling compressed gases include leaks, fire and explosion.

1.3 Key Terminology

Term

Asphyxiate gas

Definition

A gas, usually inert, that may cause suffocation by displacing the oxygen in

the air necessary to sustain life.

Compressed
gas

A gas or mixture of gases having an absolute pressure exceeding 40 psi at
70 degrees F (21.1 degrees C); or, a gas or mixture of gases having an
absolute pressure exceeding 104 psi at 130 degrees F (54.4 degrees C)
regardless of the pressure at 70 degrees F; or, a liquid having a vapour
pressure exceeding 40 psi at 100 degrees F (37.8 degrees C) as determined
by ASTM D-323-72.

Corrosive gas

A gas that causes visible destruction of, or irreversible alterations in, living
tissue by chemical action at the point of contact or is labelled by the DOT as

Division 2.3 and Division 8 (Corrosive).

Cryogenic fluid

A refrigerated liquefied gas having a boiling point colder than -90 °C (130 °F)
at 14.7 psi.

Fire Control
Area

A Fire Area is an area enclosed and bounded by fire walls, fire barriers,
exterior walls or fire-resistance rate horizontal assemblies of a building.
Control Areas are spaces within a building and outdoor areas where
quantities of hazardous materials not exceeding the maximum quantities
allowed are stored, dispensed, used or handled Control areas must be

separated from each other by not less than a 1 hour fire barrier.
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Term Definition

A gas that, at ambient temperature and pressure, forms a flammable mixture

with air at a concentration of 13 percent by volume or less; or, a gas that, at

Flammable gas ambient temperature and pressure, forms a range of flammable mixtures with

air wider than 12 percent by volume, regardless of the lower limit.

A gas that is non-flammable but can support and vigorously accelerate

Oxidizer gas o I
9 combustion in the presence of an ignition source and a fuel.

A gas that has a median lethal concentration (LCSO) in air of 2,000 parts per

million or less by volume of gas (Highly Toxic has an LC50 of 200 ppm or less
Toxic gas
or a gas that has an NFPA Health Hazard Rating of 3 (Toxic) or 4 (Highly

Toxic).

2 Scope

The requirements outlined in this SOP are applicable to all QU employees, students,
contractors, and visitors who are working for QU, and/or conducting work on QU premises.
The following subsections outline some of routine and non-routine activities in which the
conditions covered by this SOP may be encountered.

The procedure covers the use, handling and storage of compressed gases in laboratories
(research and academic) and non-laboratory areas (Maintenance, Chiller Plant, Workshop,
Warehouse, etc.).

2.1 Routine

Compressed gas is routinely used, handled and stored in labs and maintenance areas.

2.2 Non-routine
I E————————————

Compressed gas may be used, handled and stored during non-routine activities such as
construction activities (e.g. use of gas for welding).

3 Roles and Responsibilities

QU Top Management appropriate resources are allocated to ensure that employee and
student exposure to compressed gases and hazardous materials/chemicals are within
acceptable risk levels.

3.1 (VPs), Deans, Directors, Managers, Head Sections/Units and Project Managers
.|

VPs, Deans, Directors, Managers, Head Sections/Units and Project Managers have the
primary responsibility for ensuring that employees and students under their supervision and
who may be exposed to compressed gas risks comply with the requirements of this SOP.
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3.2 Employees, Contractors and Students

Employees, contractors and students are responsible for compliance with safety regulations
and this SOP, as applicable.

Employees, contractors and students shall report any activity or defect relating to
compressed gases which they believe is reasonably foreseeable to endanger their safety or
that of another person.

Employees, contractors and students shall use appropriate equipment or safety devices in
accordance with any training or instruction received in the use of the work equipment or
device concerned.

Employees, contractors and students shall not perform any task requiring training until they
have received the required training and it is documented.

Employees, contractors and students shall not operate any piece of equipment that they are
not familiar with, competent to operate and/or appropriately trained on its use.

3.3 Health & Safety Section (HSS)
.|

The HSS is responsible for the implementation of this procedure.

The HSS shall develop and implement an inspection, testing and preventative maintenance
plan to ensure compressed gas systems are safe and working efficiently and according to
manufacture specifications and applicable legal requirements.

The HSS shall ensure compressed gases systems are tested and inspected regularly (at a
minimum annually) to ensure the system work in accordance with manufactures
specifications.

The HSS shall monitor the use of compressed gases systems to ensure employees are using
compressed gases appropriately.

3.4 HS Committee

The HS Committee shall be responsible for assisting in the implementation, maintenance
and review of this procedure, as requested.

4 Risk Prevention

4.1 General Prevention Requirements

QU shall ensure that an assessment of the various risks is undertaken and systems of work
are established which are safe to all parties involved or affected including the public.

QU shall ensure that appropriate control measures are implemented in order to manage
activities safely and without risk to health.

4.2 Specific Prevention Methods

When performing risk assessments, the following shall be considered:

e the condition of the equipment being used (compressors, hoses, couplings etc.) and if
they are rated by an appropriate International Standard for their intended use;

e the type, frequency and duration of the compressed air work;
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e the environment in which the compressed air work is to be undertaken (e.g. dirty/dusty
conditions, uneven work surfaces, cramped conditions);

e the pressure at which the compressor is operating at;

e the level of experience of the personnel involved in the work; and

other identified hazards associated with the work.

When using compressed gas systems (to include pneumatic tools), the following
requirements shall be met:

Pipes, hoses, and fittings shall display the rating of the maximum pressure of the
compressor. Compressed air pipelines shall be identified and tested to maximum

Working pressure;

Under no circumstances shall the pressure of the compressed air exceed the
maximum working pressure of any of the components in use;

Couplings shall have safety clips fitted to them to prevent inadvertent uncoupling
when under pressure — makeshift tie-wire shall not be used;

Ensure all components comply with the appropriate International Standard for their
intended use and are regularly maintained in a fit for purpose condition;

The setting of safety valves or reducing valves shall only be adjusted by a
competent person;

Air supply shutoff valves shall be located, as near as reasonably practicable, at the
point-of-operation;

Air hoses shall be kept free of grease and oil to reduce the possibility of
deterioration;

Hoses shall not be located across floors or aisles where they are liable to cause
personnel to trip and fall. When reasonably practicable, air supply hoses shall be
suspended overhead, or otherwise located to afford efficient access and protection
against damage;

Hose ends shall be secured to prevent whipping if an accidental cut or break occurs;
Pneumatic impact tools, such as riveting guns, shall never be pointed at a person;

Before pneumatic tools are disconnected (unless it has quick disconnect plugs), the
air supply shall be turned off at the control valve and the tool bled;

Compressed air shall not be used under any circumstances to clean dirt and dust
from clothing or off a person’ s skin;

Air used for cleaning shall be regulated to 15 psi unless equipped with diffuser
nozzles to provide lesser pressure;

Static electricity may be generated through the use of pneumatic tools. This type of
equipment shall be grounded or bonded if it is used where fuel, flammable vapors or
explosive atmospheres are present;

When used for cleaning, the compressed air equipment (air nozzle) shall reduce the
outlet (working) air pressure to less than 30 pounds square inch (psi) at the
discharge tip. In-line chip protection shall be used when airlines are connected
directly to a compressed air system. This does not mean that the supply air or line
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pressure be reduced to 30 psi as long as the static (dead head) pressure exiting the
nozzle when restricted does not exceed the mandatory maximum 30psi;

e Reduction of air pressure for cleaning can be done with nozzles and tips designed
for this purpose. Employees shall not remove, damage, cover (e.g. tape), replace or
in any way alter the equipment provided for this purpose. Nozzles that have been
altered or "home-made" and shall not be used;

e Goggles, face shields or other eye and hearing protection shall be worn by
personnel

e Using compressed air for cleaning equipment; and

e All defects shall be immediately reported to the employer and the use of the
defected

e Equipment shall be ceased.

5 Safe Work Practices

5.1 General Worker Safety
.|

e Cylinders must be transported, stored and used upright (with the valve up), and must
be securely fastened to prevent them from falling or being knocked over. Suitable
racks, straps, chains or stands are required to support cylinders.

e Cylinder valves are to be protected with the standard cap when not in use (empty or
full). Regulators are to be protected with covers where there is likelihood of damage.

e Never force a cap or regulator. The cap should only be hand tight.

e Cylinders should not be exposed to excessive dampness, or to corrosive chemicals or
fumes.

e Cylinders are not to be exposed to temperature extremes nor stored in the vicinity of
combustibles.

e Gases are not to be transferred from one vessel to another (except dry ice and
cryogenic material). Do not try to refill compressed gas cylinders.

e Before using a cylinder, slowly "crack" the valve to clear dust or dirt, being sure the
opening is not pointed toward anyone. Additional precautions must be taken when toxic
or flammable gases are involved (see Section 4.4.) Do not stand in front of the
regulator gauge glass when opening the valve.

e Never use a cylinder without a regulator. Always use the correct pressure regulator.

e After attaching the regulator, and before the cylinder is opened, check the adjusting
screw of the regulator to see that it is released. Never permit the gas to enter the
regulator suddenly.

e Never try to stop a leak between a cylinder and regulator by tightening the union nut
unless the valve has been closed first.

e Never strike an electric arc on a cylinder.

e Never use a leaking, corroded or damaged cylinder. Remove the cylinder from service
and contact the supplier for return.
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Attaching a Regulator

Use safety glasses and goggles.

Before attaching the regulator, perform a visual inspection of the regulator. Check the
condition of the inlet and outlet, look for worn threads and inspect gauges for damage.

Visually inspect the cylinder before use to detect for any damage, cracks, corrosion or
other defects.

Wipe the outlet with a clean, dry, lint free cloth. The threads and mating surfaces of the
regulator and hose connections should also be cleaned before the regulator is
attached. A connection problem caused by dirty or damaged threads could result in
leaks when the cylinder is used.

Always use a cylinder wrench or other tight fitting wrench to tighten the regulator nut
and hose connections. Using an oversized wrench, adjustable wrench, pliers or a pipe
wrench may damage the fittings and make it impossible to tighten them properly.

Attach the proper regulator to the cylinder of compressed gas (see Figure 1). Do not
use Teflon TM tape on fittings when the seal is made by metal-to-metal contact. Under
no circumstances is grease or oil to be used on regulator or cylinder valves because
these substances may cause an adverse, dangerous reaction within the cylinder gas.

Check for leaks using the gas leak detector.

Flow Control Valve

Delivery Pressure Gauge

Cylinder Pressure Gauge |

Cylinder Valve

Regulator
Pressure Adjusting

Control

Cylinder

Figurel. Regulator attachment to compressed gas cylinder
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5.2 Specific Gas Requirements
|

The following information regarding specific classes of gases is offered as additional
requirements to be used in conjunction with the general usage requirements listed in
preceding sections.

Flammable Gases

Not more than 100 cubic feet of flammable gas can be used and stored (combined
quantity) in a fire control area. In a laboratory 500 square feet or less, not more than 6
cubic feet, and larger laboratories, not more than 0.012 cubic feet per square feet of lab
work area can be used and stored. In addition, lecture bottle cylinders must be limited
to 25 (10 in instructional laboratories).

Flammable gases must be stored in well-ventilated areas away from flammable liquids,
combustible materials, oxidizers, open flames, sparks and other sources of heat or
ignition. A distance of 20 feet or a noncombustible barrier at least 18 inches above the
tallest container, but not less than 5 feet and laterally not less than 18 inches beyond
the sides of the containers and having a fire rating of at least % hour is the minimum
separation requirement.

Portable fire extinguishers (carbon dioxide or dry chemical type) must be available for
fire emergencies where flammable gas is stored.

Spark-proof tools should be used when working with flammable gas cylinders.

"Flow" experiments with flammable gases are not to be left unattended; an explosive
meter or combustible gas alarm must be used.

In the event of an emergency involving a flammable gas, such as a gas leak, fire or
explosion, personnel must immediately evacuate the area. Do not attempt to extinguish
burning gas if the flow of product cannot be shut off immediately and without risk.

All lines and equipment associated with flammable gas systems must be grounded and
bonded.

Acetylene should not be utilized in lines or hoses at a pressure exceeding 15 psi.

Contact HSEO for additional information or concerns about flammable gas storage.

Asphyxiant Gases

Do not store asphyxiant gases in areas without ventilation. This includes environmental
chambers (e.g. cold boxes) that do not have a fresh air supply or exhaust system.

Any gas that has the potential to displace oxygen in sufficient quantities can cause
asphyxiation. Only persons trained, qualified and using a self-contained breathing
apparatus (SCBA) with adequate back-up should respond to an inert gas leak or enter
an area where an asphyxiant gas could be present. Shut off the source of the gas leak
if there is no risk to personnel and ventilate the area. If a person has symptoms of
asphyxiation, move the victim to fresh air and obtain proper medical attention.

Oxidizer Gas

Not more than 1500 cubic feet of oxidizing gas can be used and stored (combined
guantity) in a fire control area. In a laboratory 500 square feet or less, not more than 6
cubic feet, and larger laboratories, not more than 0.012 cubic feet per square feet of lab
work area can be used and stored. In addition, lecture bottle cylinders must be limited
to 25 (10 in instructional laboratories).
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All equipment used for oxidizing gases must be cleaned with oxygen-compatible
materials free from oils, greases, and other contaminants (hydrocarbons and neoprene
are not oxygen-compatible; PTFE Teflon is compatible. The equipment will state that it
is oxygen compatible). Do not handle cylinders with oily hands or gloves.

Oxidizers shall be stored separately from flammable gas containers or combustible
materials. A distance of 20 feet or a noncombustible barrier at least 5 feet high having a
fire rating of at least ¥2 hour is the minimum separation requirement.

Corrosive Gas

Not more than 810 cubic feet of corrosive gas can be used and stored (combined
quantity) in a fire control area.

Keep exposure to gas as low as possible. Use in fume hood or other vented enclosure
when possible. Avoid contact with skin and eyes.

Wear safety goggles when handling compressed gases which are corrosive.

An emergency shower and eyewash must be installed within 50 feet where corrosive
materials, including corrosive gases.

An emergency response procedure must be in place and everyone working in the area
must be trained on the procedures.

Safety plugs in the valves of chlorine cylinders fuse at 157 degrees F. Care must be
exercised to see that they are not exposed to steam, hot water, etc. which could
produce this temperature. Chlorine leaks may be located using a cloth wet with aqua-
ammonia which will produce white fumes (ammonia chloride) in the presence of
chlorine. NOTE: This procedure may only be performed with appropriate respiratory
protection. In order for any individual to wear a respirator, he/she must have written
physician's approval, attend a respiratory protection training session, and pass a
respirator fit test. Training and fit testing are provided by the HS.

Toxic and Highly Toxic Gas

Not more than 1,620 cubic feet of toxic gas can be in storage and 810 cubic feet in use
in a fire control area. Not more than 40 cubic feet of highly toxic gas can be in storage
and 20 cubic feet in use in a fire control area. In a laboratory 500 square feet or less,
not more than 0.3 cubic feet, and larger laboratories, not more than 0.0006 cubic feet
per square feet of lab work area can be used and stored. In addition, lecture bottle
cylinders must be limited to 25 (10 in instructional laboratories).

Lecture bottle-sized cylinders for all gases that have a health hazard rating of 3 or 4 or
a health hazard rating of 2 without physiological warning properties, must be kept in a
continuously mechanically ventilated hood or other continuously mechanically
ventilated enclosure. Larger cylinders of toxic or highly toxic gas must be stored in gas
cabinets, exhausted enclosures or gas rooms.

Toxic and highly toxic gases shall not be stored or used outside of academic or
research laboratories.

Keep exposure to gas as low as possible. Use in fume hood or other vented enclosure
when possible. Avoid contact with skin and eyes.

Wear safety goggles when handling compressed gases which are toxic or highly toxic.

A gas detection system with visible and audible alarms to detect the presence of leaks,
etc. must be installed for all toxic and highly toxic gases when the physiological warning
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properties for the gas are at a level below the accepted permissible exposure limit or
ceiling limit for the gas. Contact HS for specifics on installing the gas monitoring
system.

e An emergency response procedure must be in place and everyone working in the area
must be trained on the procedures.

Cryogenic
e Wear face shield and chemical safety goggles when dispensing from cylinder.

e Wear appropriate insulated gloves to protect from the extreme cold when handling
cryogenic containers. Gloves need to be loose fitting so that they can be readily
removed in the event liquid is splashed into them. Never allow an unprotected part of
the body to touch uninsulated pipes or containers of cryogenic material.

o Keep liquid oxygen containers, piping, and equipment clean and free of grease, oil, and
organic materials.

e Do not store cylinders in environmental chambers that do not have fresh air ventilation.
A leak or venting from the container could cause an oxygen deficient atmosphere.

e Large stationary cryogenic systems and piping have additional requirements. Contact
HSEO for guidance.

e First aid treatment for cold-contact burns.

¢ Remove any clothing not frozen to the skin that may restrict circulation to the frozen
area. Do not rub frozen parts, as tissue damage may result. Obtain medical assistance
as soon as possible.

o Place the affected part of the body in a warm water bath (not to exceed 400 C). Never
use dry heat.

Pyrophoric Gas
o Not more than 250 cubic feet of pyrophoric gas can be in a storage area.

e |Lecture bottle-sized cylinders for Pyrophoric (e.g. Silane) gases must be kept in a
continuously mechanically ventilated hood or other continuously mechanically
ventilated enclosure.

e Silane gas with a concentration of 2% or more by volume silane has additional safety
requirements for flow control, exhausted enclosures or gas cabinets and emergency
power. Contact HSEO for information.

5.3 Transporting Cylinders

e The cylinders’ protective cap must be in place.

e Avoid dropping and striking cylinders together. The cylinder should not be lifted by the
cap.

e Use a cradle for hoisting, never a lifting magnet or sling.

e Use a suitable hand truck with the cylinder firmly secured. Avoid dragging, sliding or
rolling cylinders.

e Cylinders must be secured in a positive fashion with straps or chains while being
transported and when in motor vehicles.

10
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e Use the Freight Elevator when possible. If there is no Freight Elevator, do not use an
elevator with people in it and do not allow other people to enter the elevator when
transporting cylinders. When transporting Asphyxiant gas in elevators, send the
cylinder up by itself and then follow in another elevator or stairs. This can only be done
if the elevator can be made to not stop at any other floors before the cylinder is
removed.

5.4 Storage
I ——— ——.,

e Storage areas shall contain the appropriate safety signage.

e Storage areas shall be secured and only authorized persons will have access to
compressed gases storage areas.

e Cylinder storage areas must be prominently posted with the names and hazard class of
the gases to be stored.

e Cylinders not “in use” (“in use” means connected through a regulator to deliver gas to a
laboratory operation, connected to a manifold used to deliver gas to a laboratory
operation or a single cylinder secured alongside the cylinder as the reserve cylinder)
must not be stored in the laboratory.

e When gases of different types are to be stored at the same location, cylinders should
be grouped by type of gas and the groups arranged taking into account the type of gas
contained (e.g., flammable gases may not be stored next to oxidizing gases). Empty
cylinders should be stored separately from full cylinders.

e Storage rooms should be dry, cool, and well ventilated. Cylinders should not be stored
at temperatures above 51 degrees C. (125 degrees F.) or near radiators or other
sources of heat. Cylinders must be stored a minimum of 20 feet from incompatible
materials and a minimum of 10 feet from combustible material.

e Cylinders stored outside must be protected against extremes of weather and
combustible waste must be kept a minimum off 10 feet from the cylinders.

e Cylinders must be protected from any object that will produce a cut or other abrasion in
the surface of the metal. Do not store near elevators or gangways, or in locations
where heavy moving objects may strike or fall on them.

e All gas cylinders must be capped and secured when stored. Cylinders must be stored
in the upright position, unless designed for use in the horizontal position. Each cylinder
must be individually secured. Nesting of cylinders is not permitted. Cylinders shall
always be secured to prevent them falling over. Chains or a clamp-plus-strap is an
acceptable method of keeping cylinders upright. The chain or strap shall be placed
above the midpoint of the cylinder to keep it from falling over.

e Do not store gas cylinders with pressure on the regulator.

e Storage, use and handling areas shall be secured against unauthorized entry or access
to unauthorized personnel.

5.5 Functional Testing of Regulators
|

It is recommended that regulators be function tested every six months. Following, is a general
procedure for function testing regulators.

11
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Close the regulator by turning the pressure adjusting screw counterclockwise until fully
released.

Close the cylinder valve. Ensure that lines leading from the regulator to equipment or
apparatus are purged of pressure by opening the appropriate flow control valves.

The regulator delivery pressure gauge should drop to a pressure reading of zero.
Record the delivery pressure gauge reading. The cylinder pressure gauge will read full
pressure. Record the initial high pressure.

If the delivery pressure gauge does not read zero when all the pressure is removed, it
may be damaged. Send regulators suspected of malfunction to the manufacturer for
repair, or replace the regulator.

Check the cylinder pressure gauge reading after at least 30 minutes. Record cylinder
pressure gauge reading. Any pressure drop will indicate leakage. Send regulators
suspected of malfunction to the manufacturer for repair, or replace the regulator.

Release the pressure in the regulator by turning the pressure adjusting screw
clockwise. After venting, close the regulator by turning the pressure adjusting screw
counterclockwise.

5.6 Testing for Leaks
.|

A leaking cylinder can pose a serious hazard to individuals working with the gas, and to the
facility. Leak detection procedures should be implemented prior to the initial use of any
system using compressed gas. Perform a leak test on a compressed gas system using the
following procedure.

Testing for inert gas

Prepare a soapy water solution. Ensure the solution to be used is not incompatible with
the gas in the system.

Pressurize the system.

Apply the solution to all connections (e.g. cylinder valve, regulator connections, other
connections) observing for the formation of bubbles. If bubbles formed, leak is present.

Use gas leak detector equipment if available
Inspect and secure connections that are observed to be leaking, and retest.

If no bubbles are formed, the system is not leaking, and may be used. If a leak cannot
be corrected, the system should not be used. Notify your supervisor.

In instances where a cylinder valve is found to be leaking, the following should be
adhered to. Never attempt to repair a cylinder valve.

Contact the supplier and ask for response instructions. Contact HS at 4403 3999

For flammable or toxic gases, use gas leak detector equipment for leak test.

When gas leak is detected:

e Remove the gas cylinder to an isolated, well ventilated area, away from
incompatible materials, only if safe to do so.

e Allow it to remain isolated until the gas has discharged, making certain that
appropriate warning signs have been posted.

e If the material is toxic, remove the cylinder to an isolated, well-ventilated area, but
only if this is possible while maintaining personal safety. Evacuate the building by
pulling a fire alarm.

12
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5.7 Disposal of Cylinders

e When feasible, QU shall purchase compressed gas only from manufacturers that will
agree to take back the empty cylinder.

¢ Refillable cylinders shall be returned to the authorized supplier or directly to the vendor.
If a refillable cylinder is encountered that does not have a manufacturer label, contact
the HS for advice on disposal. Or the supplier/vendor shall be contacted to obtain
guidelines for the shipment of cylinders to be returned.

e Manufacturer labels shall be maintained and empty cylinders shall be labeled as
“Empty”.

e Appropriate identification of the contents of all cylinders is required and is the
responsibility of the user.

e Close and tighten valves and replace safety caps on cylinders.

e Identify the gas that was in the container. Valves will be removed from empty nontoxic
gas cylinders before disposal as metal scrap.

e Removal of cylinders that cannot be returned to the supplier/vendor or for disposal of
orphaned cylinders shall be treated as hazardous waste. The following guidelines shall
be used:

0 Laboratory In-charge shall properly store the hazardous waste at satellite
accumulation area.

o0 Laboratory In-charge shall prepare the Hazardous Waste Pickup Request Form,
and shall be submitted to Environment Section for processing of waste disposal.

0 HSEO shall review the Hazardous Waste Pickup Request Form and conduct
safety inspection on waste satellite accumulation area.

o Upon verification and approval by HSEO, the accredited contractor shall be
notified for pickup of hazardous waste.

0 Hazardous waste pickup request is process by HSEO during office hours,
Sunday through Thursday, 8 AM to 2 PM.

0 Hazardous waste pick up is scheduled every Thursday starting at 9:00 AM.

o In an emergency situation, the accredited contractor shall be asked to
commenced packaging, manifesting, pick-up, transport, and final disposal
activities within twelve (12) hours after notification by HSEO.

e Cylinders of hydrogen fluoride and hydrogen bromide should be returned to the
supplier within two (2) years of the shipping date. Cylinders of corrosive or unstable
gases should be returned to the supplier when the expiration date of the maximum
recommended retention period has been reached. If no maximum recommended
retention time is provided by the supplier, a 36 month (3 year) time limit should be
used.

13
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5.8 Inspection and Maintenance
|

Compression Units shall be inspected by a competent person at a minimum annually.

Gas cylinders shall be hydrostatically tested at a minimum every five years which shall be
conducted by a qualified testing facility. The test date shall be stamped onto the cylinder each
time the cylinder is tested.

Air Receiver shall be tested by a competent person or a skilled third party agency at a
frequency defined by the applicable legal requirements, manufacturer recommendations
and/or employer’s inspection & maintenance scheme.

Pipework shall be tested by a competent person or a skilled third party agency at a frequency
defined by the applicable legal requirements, manufacturer recommendations and/or
employer’s inspection & maintenance scheme.

Electronics shall be visually examined, function tested (to include protective devices), and
continuity and resistance testing of any cables by the employer competent person or a skilled
third party agency.

5.9 Emergency Response
I ————

Refer to QU HSMS - Emergency Management Procedure for requirements related to
emergencies involving compressed gas cylinders include leaks, fire, explosions etc.

6 Training

6.1 General Worker
I E————————————

Employers shall ensure all relevant employees and contractors that perform tasks that work
with or near compressed gasses receive training that includes at a minimum:

e physical hazards associated with compressed gases;

e design specification, capabilities and limitations of compressed gas storage systems
and their uses at the work site;

e methods and procedures that will prevent exposure to compressed gases or hazards
e associated with compressed gases;

e the importance of control measures;

o safe work practices;

e required use, maintenance and storage of PPE;

e emergency response procedures;

o safe handling and storage;

¢ health hazards associated with compressed gases used at the work site;

e signs and symptoms of exposure to compressed gases used at the work site; and

e operator maintenance requirements for compressed gas systems.
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6.2 Qualified Worker
|

Employers shall ensure managers and supervisors of operators of compressed gas systems
requiring shall be trained on:

e requirements listed in Section 2(a);

e maintenance requirements of compressed gas system to ensure they are working
appropriately and within specifications;

e how to recognize unsafe work practices when working with compressed gas; and

e how to identify when the compressed gas systems are not working appropriately.

6.3 Training Documentation
|

QU shall maintain a record of required training and attained competency with respect to
hazardous materials for all persons handling or working in the vicinity of hazardous materials.

7 Document Control

This SOP is a controlled document. The controlled version of this SOP is located on the QU
Documentation Management System.

Any printed copies of this controlled document are reference copies only. It is the
responsibility of all of those with printed copies to ensure their copy is kept up to date.

Refer to QU HSMS — Document Control and Record Retention.

8 References

UK HS HSG 39: Compressed Air Safety

OSHA Standards for General Industry 29 CFR 1910 - 1910.101 Compressed Gases (General
Requirements)
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SOP-04: Hazardous Waste Disposal

1 Overview
1.1 Purpose

The purpose of this Environmental, Health and Safety (HS) Standard Operating Procedure
(SOP) is to provide general guidance for hazardous waste disposal as a result of activities
undertaken at Qatar University (QU).

1.2 Hazards and Risks

1.2.1 Hazard Definition

Hazardous waste include elements, compounds, mixtures, solutions, and substances which,
when released into the environment may present substantial danger to public health or
welfare or the environment. At QU, hazardous waste consist primarily of hazardous
chemicals, bio-hazardous materials, and radioactive waste

A hazardous chemical means:

¢ A chemical for which there is statistically significant evidence (based on at least one
study conducted according to established scientific principles), that acute or chronic
health effects may occur in exposed individuals; and/or

¢ A chemical that poses physical hazards such as flammability, corrosion, or reactivity.

Health hazard means:

A chemical which is classified as posing one of the following hazardous effects: acute
toxicity (any route of exposure); skin corrosion or irritation; serious eye damage or eye
irritation; respiratory or skin sensitization; germ cell mutagenicity; carcinogenicity;
reproductive toxicity; specific target organ toxicity (single or repeated exposure); or
aspiration hazard.

Physical hazard means:

A chemical that is classified as posing one of the following hazardous effects: explosive;
flammable (gases, aerosols, liquids, or solids); oxidizer (liquid, solid or gas); self-reactive;
pyrophoric (liquid or solid); self-heating; organic peroxide; corrosive to metal; gas under
pressure; or in contact with water emits flammable gas.

Technical Guidelines TG-01 Chemical Safety, TG-02 Biological Safety and TG-03 Radiation Safety
present further information regarding specific hazards associated with this SOP

1.2.2 Potential Outcomes

Exposure to or a release of hazardous wastes can result in many outcomes.
Potential Health-related outcomes include:
¢ Acute toxicity
Skin corrosion/irritation
Serious eye damage/eye irritation
Respiratory or skin sensitization
Germ cell mutagenicity
Carcinogenicity
Reproductive toxicity
Specific target organ toxicity — single and repeated exposure
Aspiration hazard
Asphyxiation

Potential physical outcomes include:

e Explosions
e Fire
e Corrosion
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1.3 Key Terminology

Tablel. Key Terms

Term ‘ Definition ‘
Chemical Substance, or mixture of substances
FlalrigrSizéble Liquids with a flash point not exceeding 61°C

Solid materials which are readily combustible or may cause or
Flammable solid | contribute to fire through friction, or when in contact with water can
discharge flammable gases.
When at 20°C and standard pressure at 101.3 kilo Pascal it is:

¢ Flammable when mixed with 13% of air or less.

e |t flammable when exposed to air at 12% point regardless of

the minima for explosion.

A chemical that produces destruction of skin tissue or materially

Flammable gas

Corrosive damages or destroys metal
Simple . Lo
asphyxiants A gas that displaces oxygen and deprive tissues of oxygen
Chemical A gas that renders the body incapable of maintaining an adequate

asphyxiant oxygen supply

A solid or liquid substance (or mixture) which is in itself capable by
chemical reaction of producing gas at such a temperature and
pressure and at such a speed as to cause damage to the
surroundings.

A solid or liquid material, while in it is not necessarily combustible,
Oxidizer may cause or contribute to combustion of other material generally by
yielding oxygen.

Cryogenic liquids are pressurized liquids formed by compressing
gases to a point where the temperature reaches - 60° C to - 270° C.

Explosive

Cryogenic liquid

2 Scope

The requirements outlined in this SOP are applicable to all QU employees, students, contractors,
and visitors who are working for QU, and/or conducting work on QU premises. The following
subsections outline some of routine and non-routine activities and locations in which the
conditions covered by this SOP may be encountered.

2.1 Routine
|
Hazardous waste can be encountered in many areas at QU. Most commonly, hazardous
waste is found in:

QU Laboratories
Facilities maintenance
Greenhouse

Medical clinic

2.2 Non-routine
|

Hazardous waste may also be encountered:

o When hazardous materials are used by on-site contractors
e Accidents
e Delivery vehicles with other materials in them
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3 Roles and Responsibilities

Each employee should be on the alert for hazardous conditions and promptly report any to
the Health and Safety Section (HSS).

The department is responsible for the correction of any operational deficiencies that are
discovered. Facility deficiencies must be reported to the HS.

The QU Departments are the primary organization responsible to implement and maintain
sound hazardous waste management practices and assure safety compliance in their
respective areas.

3.1 Vice Presidents (VPs), Deans, Directors, Managers, Head Sections

VPs, AVPs, Deans, Directors, Managers, Head Sections/Units and Project Managers have
the primary responsibility for hazardous waste management and therefore have responsibility
for assuring sound safety practices and compliance within their Department/College. They
are ultimately responsible for enforcing consequences arising from moderately serious and
very serious incidents.

3.2 Employees, Students and Contractors

Employees, contractors and students are responsible for compliance with safety regulations
and this technical guidance, as applicable.

3.3 Health and Safety Section (HSS)

The HSS is responsible for the implementation of this procedure.

3.4 HS Committee

The HS Committee shall be responsible for assisting in the implementation, maintenance
and review of this procedure, as requested.

4 Risk Prevention

4.1 General Prevention Requirements

The following prevention practices should be followed to minimize the risk from potential
hazards associated with hazardous materials:

Maintain an accurate inventory of the hazardous waste at QU facilities.
Maintain up to date Safety Data Sheets (SDS) for all hazardous waste at QU
facilities. These SDSs must be available to workers.

e Provide appropriate training to workers in areas where hazardous waste is stored,
dispensed or handled. Refer to Section 6 of this guidance for specific training
requirements.

o Wear appropriate protective gloves/clothing when handling hazardous waste.

e Provide adequate and appropriate storage facilities and ensure hazardous waste is
stored in an orderly manner.

o Clearly identify and label hazardous waste containers and storage areas.

e Develop procedures to control and mitigate unauthorized releases of hazardous
materials.

o Develop an emergency action plan for response to releases of hazardous waste.

o Establish appropriate disposal methods for hazardous wastes.

e Appropriate spill response and fire suppression materials must be readily accessible.
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4.2 Specific Prevention Methods
|

In addition to the general risk prevention and mitigation measures outlined in section 4.1, the
following measures should be applied for specific types of hazardous waste.

4.2.1 Chemical Waste

Chemical waste can be classified into the following classes:
o Irritants
¢ Asphyxiants
e Toxic substances
o Explosives
e Flammable Materials — Gases, Liquids, Solids
e Oxidizers
e Self-reactive
e Pyrophoric
e Cryogenic Liquids

Please refer to QU TG-01 Chemical Safety for the specific prevention methods associated
with each class.

4.2.2 Biological Waste

Biological waste includes:

e Materials contaminated or potentially contaminated during the manipulation or
cleanup of the material generated during research and/or teaching activities requiring
Biosafety Level (BSL) 1, 2, or 3 or animal or plant biosafety level 1, 2, or 3.

e Human tissues and anatomical remains.

e Materials contaminated with human tissue or tissue -cultures (primary and
established) because these are handled at BSL-2.

e Any liquid blood and body fluids (human or animal).

e Animal carcasses, body parts and bedding from animals infected with BSL2 and
BSL3 agents.

Biological waste can be classified into different BSLs. Please refer to QU TG-02 Biological
Safety for the specific prevention methods associated with each BSL level.

4.2.3 Radioactive Waste

There are seven types of radioactive waste:
o Biological Materials and animal carcasses.
e Dry Solids.
e Liquids.
e Scintillation Vials.
e Source Vials.
e Mixed Wastes
e Lead containing materials.

Please refer to QU TG-03 Radiation Safety for the specific prevention methods



QATAR UNIVERSITY
HS Standard Operating Procedure

4.2.4  Waste Electrical and Electronic Equipment (WEEE)

WEEE is defined as any substance or object including all components, subassemblies and
consumables in the prescribed categories thereof that are part of the products, which the
holder discards or intends or is required to be discarded.

WEEE is categorized into 10 for reporting purposes, these are:

Large household appliances (large cooling appliances, refrigerators and freezers, electric
heating appliances and electric radiators, and other fanning, exhaust ventilation and
conditioning equipment).

Small household appliances (vacuum cleaners and carpet sweepers, and equipment for
opening or sealing containers or packages).

IT and telecommunications equipment centralized data processing devices including
(mainframes, minicomputers and printer units, personal computing mean, electrical and
electronic typewriters, pocket and desk calculators).

Consumer equipment (radio and television sets, video cameras and recorders, Hi-fi
recorders, audio amplifiers and musical instruments).

Lighting equipment (luminaires for fluorescent lamps, and high intensity discharge lamps).
Electrical and electronic tools (drills, saws, sewing machines, tools for riveting, nailing or
screwing).

Toys, leisure and sports equipment (sports equipment with electric or electronic
components, and coin slot machines).

Medical devices (equipment for radiotherapy, cardiology, dialysis, and pulmonary ventilators,
and appliances for detecting, preventing, monitoring, treating, alleviating iliness, injury).
Monitoring and control instruments (smoke detectors, heating regulators, thermostats, and
appliances for measuring, weighing or adjusting laboratory equipment).

Automatic dispensers (automatic dispensers for hot drinks, bottles or cans, solid products,
money, and all appliances which deliver automatically all kinds of products).

WEEE are classified as hazardous waste the disposal of which is regulated and achieved
through the treatment, recovery and recycling of affected equipment.

Modalities of disposal

It shall be the responsibility of HS to remove WEEE from every primary source (point of
generation), by collecting and transporting same through appropriate means for final
disposal. These shall be done in accordance with the following steps:

At the point of generation, WEEE shall be segregated, labelled as such, and kept in a
safe condition and site under the control or supervision of individuals directly
responsible for the waste stream.

Thereupon, the responsible person shall fill the WEEE Pickup Request Form in the
prescribed manner and submit it to the HS.

HS shall authenticate the Pickup Request Form by conducting safety inspection of the
accumulated WEEE.

Thereafter, an accredited contractor shall be notified for pickup of WEEE from
individual primary sources.

Pickup of WEEE shall be carried out by contractor and coordinated by the HS.
HS shall maintain an inventory of WEEE removed by the contractor for final disposal.

Means and mode of final disposal of WEEE shall be carried out by contractor in
agreement with HS.

Relevant information pertaining to final disposal of WEEE shall be made available to
HSE by the contractor.


http://www.conformance.co.uk/adirectives/doku.php?id=rtte
http://www.conformance.co.uk/adirectives/doku.php?id=toys
http://www.conformance.co.uk/adirectives/doku.php?id=medical
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Minimization of WEEE

For the purpose of minimizing the volume of WEEE, QU Information Technology Services
(ITS) shall:

1. From time to time, carry out Critical Needs Assessment before the purchase of
Electronic and Electrical Equipment (EEE).

2. Request the inclusion of Offer for Take-Back Option and/or detail design process
relevant for product Reduce, Reuse, and Recycle (as the case may be) in every
contract bids for further procurement of EEE.

5 Safe Work Practices

5.1 General Work Practices
|

The following work practices shall be implemented to reduce the risk of injury, illness, or
property damage and must be followed by all workers and students.

e Workers shall familiarize themselves with the information provided in the MSDSs
and other relevant user instructions provided by the manufacturer.

e Instructions for safe handling and use of the material and equipment, as presented
on the MSDS and the user manual, shall be followed and appropriate personal
protective equipment (PPE) used by workers handling the material.

¢ Wash hands immediately after completion.

e Eating, drinking, smoking, chewing gum, applying cosmetics and storing utensils,
food and food containers are prohibited in areas where hazardous waste is stored
or handled.

e If hazardous waste must be transferred from one container to another, appropriate
spill response materials shall be in close proximity to the transfer area such that the
worker can quickly control the release and, if safe to do so, clean up the released
material.

5.2 Specific Work Practices
.|

Specific safe work practices shall be based on the type and class of hazardous waste and the
potential routes of exposure associated with the material. Chemical-specific safe work
practices can be found on the MSDS and should be followed. The following presents the
minimum safe work practices to be followed, by type and class of the hazardous waste, in
addition to those presented in Section 5.1.

5.2.1 Chemical Waste Disposal

Potentially hazardous chemical wastes must be disposed of in accordance with the state's
regulations and procedures established by the HS. Contact your supervisor or HS

before discarding of any potentially hazardous chemical.

The following guidelines will assist chemical hazardous waste collection:

e Unless you have written approval from the HS, disposal of chemicals by way
of the sanitary sewer system is prohibited.
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To determine if the chemical you want to be removed from your laboratory or
work area is a regulated hazardous waste, contact HS, or consult the United
States Environmental Protection Administration Regulation 40 CFR 261 -
Identification and Listing of Hazardous Waste.

All lab personnel must be familiar with the location and composition of all wastes
produced in the laboratory.

Waste containers must remain closed except when actually adding waste. Open
containers violate state and federal waste regulations.

For disposal information, call HS — Environment Section at 4403 6943.

Hazardous Waste Inspection

HS is responsible for identifying and removing waste from laboratories upon natification,

and transporting or shipping to approve treatment, storage, and disposal facilities.

Satellite accumulation areas (laboratories) shall follow the following requirements:

Keep lids or caps securely in place and tight them except when adding
materials. A funnel resting on the mouth of a bottle is not a lid; neither is a Para
film.

Be sure that gas-producing reactions (e.g. organics in acids) have worked to
completion before transferring the material to a hazardous waste container.

Remember: A closed container; when tipped over will not leak.

Secondary containment is required for all glass containers of liquid hazardous
materials stored on the floor.

Secondary containment is required for all containers of liquid hazardous waste,
with capacity of four (4) liters or less, regardless of storage location.

The word “Hazardous Waste” labels shall be place in the container to identify
the contents (e.g. “Acetone Waste”).

Abbreviations such as H,SO,4, HCI, EtBr, EtOH, etc. are not acceptable.

Keep the waste container(s) at or near the point of generation and under
control or the supervision of the individuals directly responsible for the waste-
generating process. Do not store waste in a separate room or down the hall.

Do not accumulate more than fifty-five (55) gallons (208) liters of hazardous
waste or one (1) quart (0.95 liters) of acutely hazardous waste in the
laboratory.

Hazardous Waste Containers

Hazardous waste containers must be in good condition and chemically
compatible with their contents.

Waste containers must securely fitting lids; do not use corks or stoppers.

Laboratory beakers, flask, or plastic milk cartons are not acceptable as waste
containers.

Metal containers are not acceptable unless they are the original containers.
Glass and plastic reagent bottles are generally the most convenient ones.
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e Before discarding materials, allow them to react completely and/or cool to
ambient temperature before accumulating as waste, and tightly closing the lid.
Until all reactions are completed, the contents of a container are not waste, but
are instead the last step of the reaction procedure.

e Store glass waste containers in rubber safety carriers, buckets, or similar
containers to protect against breakage and spillage. All holding four (4) liters or
less of liquid hazardous waste, and all glass containers of liquid hazardous
materials stored on the floor, require secondary containment.

e Liquid waste may be accumulated in glass reagent bottles compatible with the
waste. If a large volume of liquid waste is generated, consider a 5-gallon
carboys for solvent accumulation. Containers of liquids must have a ten (10)
percent headspace to accommodate thermal expansion.

e Solid wastes are to go into a double-lined cardboard box. Liners must be 1.5
mil or greater polypropylene bags. Tie and seal each bag individually.

e Ethidium bromide containing solid and semi-solid waste (e.g. used gels) is also
collected in double-lined bags within cardboard boxes. Save liquid ethidium
bromide waste in carboys or bottles.

¢ Reactive chemicals must be disposed of in their original shipping containers.

e Hydrofluoric acid presents a special hazard and must be stored in Teflon
containers or original containers.

Chemical Waste Seqregation

e Acids and Bases
Segregate containers of acids and bases from one another while accumulating for
disposal / treatment. Collection of concentrated acids and bases for shipment will be
arranged if neutralization in the laboratory is not practicable. Aqueous acid or base
solutions with a pH between 5 and 9 can be released to the sanitary sewer without
neutralization. Do not discharge acids and bases containing heavy metals to the
sewer. Do not mix acids and bases containing heavy metals with other acidic or basic
waste. Include neutralization of acids and bases as an end step in the laboratory

procedures.

e Oxidizers

Package oxidizers separately, and accumulate away from flammable materials.

e Reactive wastes
Exercise special care to identify reactive waste. Although the process of using the
reactive waste usually eliminates the reactivity characteristics, some have dangerous
residual properties. For example, residual metallic sodium, added to a solvent to
remove water, could result in a fire or explosion if that solvent mixed with aqueous

waste.

Label solutions containing sulfides and/or cyanides to alert personnel not to ix these

with acid waste. Mixing could release lethal amounts of toxic gases.
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e Used Solvents
Collect halogenated and non-halogenated solvent waste in separate containers.
Separate those containing heavy metal. Those containing acids or bases are to have

the pH adjusted to 6-8 prior to pick up.

Waste Minimization

The Laboratory Supervisors/ In-charge are encouraged to consider ways to reduce the
volume of waste or preserve the reuse of materials through the redesign of experiments.
Keep recyclable materials separate from other waste. Make every effort in the laboratory
to decontaminate, detoxify, neutralize, or neutralize the non-hazardous research

materials as the last step in each experiment.

Disposal of the Sewage System

Do not use the sanitary sewer for the disposal of hazardous materials, with the exception
of trace quantities associated with cleaning and washing operations, e.g. glassware. The

following discharges to the sanitary sewer are prohibited:

e Materials that may create a fire or explosion hazard.
e Corrosive materials with pH less than five (5)

e Solid or viscous materials in amounts to obstruct flow or interfere with
operations.

e Discharge of any toxic material in volume or strength to cause interference with
waste treatment process.

Disposal to General Waste — Sharps

Place non-contaminated and/or decontaminated glassware and sharp objects in a plastic
bag within a cardboard box. This manner of disposal is recommended for all glass items.
Housekeeping will pick up these boxes if they are sealed and identified with a label
indicating: “CAUTION, GLASS AND SHARPS, and NON-HAZARDOUS MATERIAL
ONLY".

5.2.2 Biological Waste

The QU Biological Waste Disposal guideline stipulates proper procedures for the collection,
decontamination, and disposal of laboratory-generated biohazard waste. This has been
developed in order to minimize the risk of exposure to those who may come into contact
with biohazard waste generated in a research laboratory, specifically:

e The laboratory workers generating and collecting biohazardous waste during
research,

e support staff retrieving, transferring, and autoclaving the biohazardous waste,

e The housekeeping staff responsible for transporting autoclaved waste in
buildings that house research laboratories,

o facilities staff (plumbers, electricians, HVAC, welders, etc.), emergency
personnel, and visitors who visit the lab infrequently,

e The contractors' staff responsible for collecting, hauling and final disposal of all
waste that is generated in research laboratories.
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Biohazardous waste generated and collected in the research laboratories is to be properly
autoclaved according to procedures outlined below. This process changes the biological
character of the waste to reduce or eliminate its potential for causing disease. Laboratories
with biohazardous wastes not specifically addressed by this document (such as waste with
multiple hazards, e.g. radioactive biohazardous waste) should consult with HS —
Environment section for alternative treatment and disposal methods.

Defining Laboratory Generated Biohazard Waste

All biohazardous waste generated in the research laboratories will be properly autoclaved
and tagged prior to its collection by hazardous waste treatment company. This biohazard

waste includes:

e Materials contaminated or potentially contaminated during the manipulation or
cleanup of the material generated during research and/or teaching activities
requiring biosafety level 1, 2, or 3 or animal or plant biosafety level 1, 2, or 3.

e Human tissues and anatomical remains.

e Materials contaminated with human tissue or tissue cultures (primary and
established) because these are handled at BSL-2.

e Any liquid blood and body fluids (human or animal).

e Animal carcasses, body parts and bedding from animals infected with BSL2 and
BSL3 agents.

Biohazard Waste Collection Methods

Contaminated Sharps Include items such as:

e razor blades

e scalpels

e lancets

e syringes with/without needles
e slide covers

e specimen tubes
Sharps shall be collected directly into one gallon metal cans. Metal cans used to collect
sharps contaminated under the definition of biohazardous waste (above) must bear the
biohazard symbol marked with an “x” using autoclave indicator tape. Laboratories should
minimize their use of sharps whenever possible and that needles are not recapped,
purposely bent, broken, or otherwise manipulated by hand. To avoid accidents related to
overfilling the cans, remove the cans for decontamination or disposal when they are 2/3 full.
Cans of contaminated sharps are to be autoclaved. After autoclaving, containers of sharps
are disposed of in a cardboard box lined with a plastic bag, clearly marked with the "GLASS

AND SHARPS" label, figure 1.

10
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Figure 1. Cans of contaminated sharps

CAUTION!!
{EEDLES AND SHARPS
“sondilamniess Maoid sy

CAUTION!!

-m'ms&m:isél 1S

While small shards of contaminated broken glass can be placed into the sharps cans
identified above, large contaminated broken glass items must be autoclaved separately
in a hard walled container (such as a cardboard box) lined with a biohazard bag

“y”

bearing an autoclave tape indicator “x” , figure 2. The autoclaved glass waste is to be
disposed of in a larger cardboard box lined with a plastic bag, clearly marked with the

"GLASS AND SHARPS" label.

The metal solvent cans are about 9” long, allowing for a majority of glass pipette
disposal when the cans are laid on their side as shown, figure 3, with the opening at the
top. Never allow the cans to fill more than 2/3 full and, when removing from a biosafety

cabinet, decontaminate the exterior of the can.

Figure 2 - Cardboard Box

& —Fisherbrand’ |
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Pipetting

For large-scale collections of Glass (Pasteur) and plastic pipettes contaminated under the
definition of biohazardous waste, line a puncture resistant outer container (such as the
package the pipettes came in) bearing the biohazard symbol marked with a heat sensitive
autoclave tape “x with an orange autoclave bag. To avoid handling a bag full of pipettes,
place the indicator tape “x” over the bag’s biohazardous symbol prior to loading the bag
with pipettes. The universal biological hazardous symbol must be displayed on the inner
and outer container. The outer container may also be contaminated so it too should be
autoclaved to reduce handling of the pipettes which tend to puncture the bag during
treatment handling.

For frequently removed small scale collection (such as sterile pipetting in a biological safety
cabinet), line a small orange autoclave bag inside a long, thin, hard-walled collection
container. Plan to fill this container with appropriate disinfectant upon beginning (may
require liquid disposal authorization) or, when finished, loosely close the bag, spray down
with proper disinfectant, and transfer it to your larger scale pipette collection container
located outside of the cabinet.

Pipette tips are to be collected on the bench top in a small autoclave bag lining a wire stand
or other container bearing the biohazardous symbol. Loosely close the bag to allow for
steam penetration and place with other solid biohazardous waste.

Figure 4 - Pipette Container

12
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Contaminated Solids

Biohazardous solids consist of:

e Culture dishes, flasks

e Petri dishes

e Solid waste cultures/stocks from the testing and production of biologicals
e Gloves, gowns, masks

e Other solid material potentially contaminated under the definition of
biohazardous waste (above). The outer collection container must be durable,
leak proof, have a lid and be of such a design so as not to be mistaken by the
Housekeeping as regular trash. This container must be labelled with a
biohazard sticker. Wire cages cannot be used as the outer container.

Figure 5 - Container for contaminated solids

Line the outer collection container with a red or orange autoclavable biohazard bag.
Waste bags with universal biohazard symbols are only to be used for biohazardous
waste that will be autoclaved before disposal. Before lining the collection container with
the biohazard bag, crisscross the bag's biohazard symbol and/or markings with heat
sensitive autoclave tape. The biohazard collection container should be covered with its lid

when not in use. Remove bags at 2/3 full and never place glass in these containers.
Liguids

Even though the rules and definitions for liquid biohazardous waste vary somewhat from

solid waste procedures, autoclaving is the method of choice for disinfection of the

following:
e Liquid human blood
e Animal blood/body fluids
e Human tissue culture, human cell lines (primary or established)
e Human body
¢ Liquid growth media removed from human tissue cultures

Autoclaved liquid wastes may be discharged directly into the sanitary sewer.

13
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Chemical disinfection may be an acceptable alternative to autoclaving liquid biohazard
waste generated in research laboratories such as bleach treatment. When this is done,
care must be taken to avoid splash and the drains are to be flushed with copious
amounts of water. Chemical disinfection of regulated liquids followed by disposal to the
sanitary sewer is not allowed unless approval has been obtained from the Business

Operations Department.

Contaminated animal carcasses

Animal carcasses are disposed of through a licensed pathological incinerator. Animal
carcasses from transgenic animals or animals inoculated with infectious agents are
disposed of by autoclaving (small animals only) or by incineration. These materials are to
be placed in boxes and marked for incineration. (No needles or other type of metal and

no PVC plastic are to be placed in the collection boxes. Use only non PVC plastic bags.)

Loading and Unloading the Autoclave for Waste Decontamination

Contaminated materials should not be left in hallways or other public spaces prior to the
autoclave decontamination. Biohazard bags must be left in the laboratory until they are to
be placed in the autoclave. Do not leave them sitting next to the autoclave whether or not
it is occupied by another laboratory materials. Biohazard bags may not be left on the
floor. Bags that are closed and ready for autoclaving must be placed in secondary
containment as shown. Waste materials that are to be decontaminated at a site away

from the laboratory are to be transported in closed, hard-walled secondary containers.

Figure 6 - Proper location of contaminated materials

Always minimize contact with biohazardous waste as much as possible. Use a cart to
transport the waste from the laboratory to the autoclave. Never crush or push down
biohazardous waste; biohazardous waste containers should be removed for autoclaving
when they are 2/3 full. Indicator tape should be applied when placing the new autoclave
bag into the hard walled outer container; this will reduce handling of the biohazard waste
during removal. The heat sensitive autoclave tape should be placed in an “X” pattern over

the biohazardous symbol. The heat sensitive tape is to be of the type that changes color,

14
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such as the type that the word "autoclaved" appears after treatment. Once the autoclave

disinfection is complete, the tops of the bags may be sealed tightly with lab tape.

After the proper autoclave waste decontamination steps are followed as listed below, the
decontaminated waste is then placed in a 44 gallon or 32 gallon (with a drum dolly), lined
with black plastic garbage bags, and located in the vicinity of the autoclave. These
containers are to be labeled "AUTOCLAVED/ DECONTAMINATED WASTE ONLY".
Biohazard bags placed in the containers and marked with the heat sensitive tape which

signals that the waste can be removed from the laboratory for disposal.

Figure 7- Autoclaved / Decontaminated Waste Containers

Each department is responsible for providing these containers. Some departments may
need several containers depending on the amount of biohazardous waste generated.

Overflowing waste or waste in untreated, untagged biohazard bags shall not be picked up.

523 Radioactive Wastes

It is important to dispose of radioactive wastes in accordance with the radiation protection
regulations. This would avoid radioactive exposure to personnel and contamination of the
environment. It also avoids regulatory penalties and the possible loss of radioactive
material use privileges. Radioactive wastes are not permitted to be disposed of in the
sanitary landfill and must not be placed in any container used for the collection of non-
radioactive waste, no matter how temporary the use is intended.

Disposal to the Sewer

Only trace quantities of radioactive material associated with glassware cleaning may be
discarded to the sewer. Specific authorization from the HS is required for any exceptions.
All authorized releases must occur in a designated, posted drain. Records of each
release, including radionuclide, quantity, chemical and/or physical form, date, and time
must be documented and maintained.

Segregation and Packaging Radioactive Waste for Pickup

The HS provides all the radioactive waste containers and removes all radioactive wastes
from the laboratories. Each container requires the completion of a Radioactive Waste
Disposal Record (Appendix A). Blank records are delivered with empty containers and are
also available from HS. Three standard containers are used; specially marked cardboard
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boxes for dry waste, 4 liter glass bottles for liquid waste, and 30-gallon drums for
scintillation vials. Specific authorization from the HS is required for any exceptions.

All waste must be segregated by half-life category:

e Short-lived, half-life < 165 days.

e Long-lived, half-life = 165 days.

The following packaging requirements must be met for waste removal.

Biological Waste

e Segregate wastes according to half-life category:

o] Short-lived, half-life < 165 days.
o] Long-lived, half-life = 165 days.
o] H-3, C-14, and I-125 in concentrations less than 0.05 uCi/g.

e Place waste in a clear plastic bag in a freezer.

e Each bag must be labeled with a radioactive materials sticker, listing the Authorized
User's name, radionuclide, activity and date.

e The serial number from the Radioactive Waste Disposal Record must be written
directly on the plastic bag, using a "permanent” marker.

Dry Waste
Segregate wastes according to half-life category.

No free liquids, lead shielding, scintillation vials or organic solvent are allowed.

Sharps that must be placed in a hard-walled plastic or cardboard container before

being placed in the dry waste box.

Infectious dry wastes must be sterilized by autoclaving before placement in radioactive
waste containers. Autoclaving radioactive infectious waste must be specifically

approved by the HS.

Source vials containing short-lived radionuclides may be placed in the short-lived dry
waste box after first removing any lead shielding material. Do not place source vials in
the dry waste box if they create unacceptable radiation levels (> 2 mrem/hour at 1 foot

from a box).

Empty source vials for long-lived radionuclides may be placed in the long-lived dry
waste. Residual liquids, up to a few milliliters, may be absorbed on a pad or towel and
added to the dry waste container. This procedure may be used only for source vials

containing less than 10 mCi.

Minimize the amount of glass and metal by washing these materials and disposing of

them as ordinary trash.

Prior to requesting pickup, the box must be close by sealing the bag with tape and
taping the lid in place. Tape the Radioactive Waste Disposal Record to the top of the
box.

Liquid Waste

e The bottle is delivered with a blank yellow tag attached.

e This tag must contain the following before waste is added:
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o] Authorized User's name.

o Radioactive Waste Disposal Record Serial Number.

o] Radionuclide(s),

o] When the bottle is full, the tag must also include activity.

Date of recording the activity Segregate wastes according to half-life category.

Do not mix biodegradable and non-biodegradable liquids.

No solids, including filters, pipette tips, stir bars, gels and vials, are allowed.

Use only the four-liter bottles provided by HS unless other arrangements have been
made with HS.

The glass bottles must have secondary containment (rubber safety bucket or plastic
container).

Leave at least a 10% headspace.

Chemical constituents, including water and scintillation media trade names, and their
percentages must be listed on the Radioactive Waste Disposal Record.

Remove external contamination prior to waste pickup.

Scintillation Vials

Use only drums provided by HS.

Segregate by half-life category.

Vials must be packed upright in flats or sealed plastic bags containing no more than
100 vials. Place these bags in a lined drum.

Segregate vials according to the type of scintillation media:

» Biodegradable or non-hazardous media that do not meet the criteria of a
hazardous waste.
» Non-biodegradable or ignitable which becomes a mixed waste during use.
Chemical constituents or scintillation trade names must be listed on the Radioactive

Waste Disposal Record.

No dry vials, test tubes, dry wastes or non-scintillation fluids are allowed.

Vials must have tight, secure tops to prevent leakage during storage and waste
handling.

Source Vials

The source vials containing short-lived radionuclides may be placed in the short-lived
dry waste box. Do not place source vials in the dry waste if they emit unacceptable
radiation levels (>2 mrem/hr. at 1 foot from the box).

Empty source vials for long-lived radionuclides may be placed in the long-lived dry
waste. Residual liquids, up to a few milliliters, may be absorbed on a pad or towel and
added to the dry waste container. This procedure may be used only for source vials
containing less than 10 mCi. Otherwise, the residual contents must be emptied into
the appropriate liquid waste container.

Contact HS for removal of:

» Long-lived sources with activities greater than 10 mCi.
» Short-lived sources which yield surveys of > 2 mrem/hour at 1 foot from a vial
or source.

17



QATAR UNIVERSITY
HS Standard Operating Procedure

Mixed Wastes
Liquids and scintillation vials are subject to Ministry of Environment regulation if they
possess characteristics of hazardous waste. These characteristics include ignitability
(flashpoint < 140 0 F) and corrosivity (pH < 2 or > 12.5).
e All containers of mixed waste must be labeled or marked with the words
"Hazardous Waste".
e All containers of mixed waste must remain closed at all times except when
waste is being added or removed to the container.

Lead-Containing Materials

Lead-containing materials must not be placed in the radioactive waste containers. The
lead will be picked up and recycled. These items must be wipe-tested for removable
contamination prior to calling for a pickup. A copy of the survey results, in DPM, must be
attached to a Radioactive Waste of Disposal Record. While the removable contamination
must not exceed 600 DPM.

Radioactive Waste Disposal Records
The terms of the University's Radioactive Materials License would require detailed
records of the receipt, use and disposal of radioactive materials. To facilitate
maintenance of disposal records, a Radioactive Waste Disposal Record (Appendix A) is
provided for use by Authorized Users.

Radioactive Waste Pickup
Call the HS, to request a pickup of radioactive waste and replacement of

containers. Provide the following information:
e Authorized User's name
Caller's name
Building name and room number
Phone number
Type of waste (biological, dry, liquid, scintillation vials, source vials, lead-
containing materials)
Serial numbers for each waste container to be picked up.
The number and type of replacement containers needed.

Radioactive Waste Readiness Checklist
Before requesting a pickup of waste, check to ensure the following has been done:
e DryWaste
» Liner sealed.
» Lid taped on box.
» Radioactive Waste Disposal Record is completed.
e Biological Waste
Sealed in clear plastic bag.
Frozen.
Labeled with permanent marker.
List weight of waste.
List activity / weight in uCi/g.
Radioactive Waste Disposal Record is completed.
e Scintillation Vials
» Liner sealed.
» Lid placed on drum.
» List name of media or chemical constituents.
» Radioactive Waste Disposal Record is completed.
e Liquids
» Lid in place.
» 10% head space.
» Radioactive Waste Disposal Record and yellow tag is completed.

YVVVVYVY
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5.3 Request of Hazardous Waste Pickup
|

Disposal of Hazardous chemical and biological waste generated at Qatar University shall be

the responsibility of HS. Hazardous waste shall be disposed according to the following

guidelines:

1.

Laboratory In-charge shall properly store hazardous waste at satellite accumulation
area.

Laboratory In-charge shall prepare the Hazardous Waste Pickup Request Form,
http://www.qu.edu.qa/offices/businessop/forms/waste pickup request.php and
shall be submitted to HS for processing of waste disposal.

HS shall review the Hazardous Waste Pickup Request Form and conduct safety
inspection on waste satellite accumulation area.

Upon verification and approval by HS, the accredited contractor shall be notified
for pickup of hazardous waste.

Hazardous waste pickup request is process by HS during office hours, Sunday
through Thursday, 8 AM to 2 PM.

Hazardous waste pick up is scheduled every Thursday starting at 9:00 AM.

In an emergency situation, the accredited contractor shall be asked to commenced
packaging, manifesting, pick-up, transport, and final disposal activities within twelve

(12) hours after notification by HS.

Hazardous Waste Container Color Code

e Yellow Bag — Infectious waste contaminated with chemicals

e Orange Bag - Infectious waste (not containing chemicals or Medical
contamination)

e Red Bag — Anatomical waste for incineration

Personal Protective Equipment

o Safety Goggles
e Respirator
e Disposable Chemical Suite

e Disposable Gloves

Emergency Equipment

e Chemical Spill Kit
o Biological Spill kit
e Fire Extinguisher

e Self-Contained Breathing Apparatus
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6 Training

QU shall ensure that no person handles hazardous waste unless such person has the
competency gained from training, technical knowledge and experience of the precautions to
be taken against the risk of personal injury or iliness, and is under such degree of supervision
as may be appropriate having regard to the nature of the work.

Refer to QU HSEMS Section 11.0 Training and Competency procedure for additional
information regarding training processes.

6.1 General
I E————————————

Training must be provided to workers and students that may be exposed to hazardous waste.
The level of training will be dependent upon the degree of exposure. Information and training
may be designed to cover categories of hazards (e.g., flammability, carcinogenicity) or
specific types. The following general requirements apply to all levels of training.

e Workers should be informed of the hazards associated with hazardous waste at
their workplace.

e Workers should be instructed about how to obtain and use the information provided
on labels and safety data sheets.

e Workers should be trained in the correct and effective use of the control measures,
in particular the engineering control measures and measures for personal
protection provided, and should be made aware of their significance.

e Employers should use safety data sheets, along with information specific to the
workplace, as a basis for the preparation of instruction to workers, which should be
in writing if appropriate.

e Workers should be trained on a continuing basis in the working systems and
practices to be followed and their significance for safety in the presence of
hazardous waste at work, and in how to deal with emergencies.

6.2 Specific / Retraining

For workers that handle hazardous waste the following additional training should be provided:

e Methods and observations that may be used to detect the presence or release of a
hazardous material in the work area (such as monitoring conducted by the
employer, continuous monitoring devices, visual appearance or odor of hazardous
chemicals when being released, etc.);

e The physical, health, simple asphyxiation, combustible dust, and pyrophoric gas
hazards, as well as hazards not otherwise classified, of the chemicals in the work
area;

e The measures workers and students can take to protect themselves from these
hazards, including specific procedures the employer has implemented to protect
employees from exposure to hazardous waste, such as appropriate work practices,
emergency procedures, and personal protective equipment to be used

6.3 Training Documentation
|

QU shall maintain a record of required training and attained competency with respect to
hazardous materials for all persons handling or working in the vicinity of hazardous materials.
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7

Document Control

This SOP is a controlled document. The controlled version of this Guidance is located on the
QU Electronic Documentation Management System.

Any printed copies of this controlled document are reference copies only. It is the
responsibility of all of those with printed copies to ensure their copy is kept up to date.

Refer to QU HSEMS Section 16.0 — Document Control and Record Retention.
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Appendix A — Radioactive Waste Disposal Form

Radioactive Waste Disposal Form

Serial No. Page  of

QATAR UNIVERSITY RADIOACTIVE WASTE DISPOSAL RECORD

Survey Results: mrem/hr  Estimated weight: kg.
Waste Classification: NON
D001 F003 F005 (Other: )

| hereby declare that the contents of this consignment are fully and accurately described above
by the proper shipping name and are classified, packaged, marked and labeled and are in all
respects in proper condition for transport according to applicable international and national

governmental regulations.

HSE — Radiation Safety Specialist/officer - Representative

SECTION 1: AUTHORIZED USER (AU)

User Name: Title: Dept. :

Contact Details: Email Address: Tel:

Location: Building Code: Building Name: Room No:
INSTRUCTIONS:

1. Do not mix types of wastes or long-lived and short-lived wastes.
2. Use a separate container for each waste type and half-life category.
3. Use a separate copy of this form for each container.

4. List specific scintillation brand name.

SECTION 2: WASTES TYPES

Dry (Check) Liquids Scintillation Vials | Carcasses Lead-containing and
Shielding contamination
____ Paper
test required attach survey
___ Glass results  nuclide  used
Plastics
__ Empty

source vials)
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SECTION 3: WASTE INVENTORY

CHEMICAL CHARACTERISTICS/ COMPOSITION

DATE NUCLIDE ACTIVITY (mCi) No abbreviations or chemical formulas

LIST SPECIFIC SCINTILLATION BRAND NAME

SECTION 4: SUMMARY BY NUCLIDE

Total activity for each nuclide in mCi. Include sheets (1
mCi = 37 MBq)

SECTION 5: LAB CERTIFICATION

| certify that the WASTE INVENTORY above is correct. Infectious materials have been sterilized. All

needles and sharps have been packaged in hard-walled plastic containers.

Authorized User Telephone No. CB#

For waste pickup, call — Environment Section at 4403 6934 or 4403 6940
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1 Purpose

]
The purpose of this document is to protect the health and well-being of all Qatar University
(QU) staff, students, and visitors, and to prevent damage to property, equipment, facilities, and
the environment associated with the usage of chemicals as part of the university’s activities.

This document provides guidelines on the application of the requirements and principles of the
QU Health & Safety Management System (HSMS) to activities associated with these QU
workplaces.

2 Scope

This H & S Technical Guideline applies to all operations and activities associated with QU
activities where chemicals are involved, including laboratories, workshops, storage areas and
other QU work sites, to enable the effective management of H & S risks within these
workplaces.

3 Responsibilities

3.1 Top Management

QU top management shall allocate sufficient resources for the effective implementation of
the HSMS, including the application of this H & S Technical Guideline, and ensure that
QU employees, students, contractors and visitors are aware of their responsibilities
through appropriate regulation, delegation and communication.

The QU Top Management is also accountable for monitoring and reporting H &
S performance and appropriate programs and actions to ensure compliance with the
QU H & S Policy.

3.2 Other Accountabilities

The QU H & S and the H & S Committee are accountable to the QU Top Management
for the implementation of this H & S Technical Guideline.

Vice President (VPs), Deans, Directors, Managers, Head Sections/Units and Project
Managers are accountable to the QU Top Management for the application of this H &
S Technical Guideline in areas under their supervision.

All QU staff is responsible for performing their duties by complying with the requirements
of this H & S Technical Guideline as it applies to their activities and workplaces,
observing and obeying safety postings and rules, and promptly reporting all incidents and
accidents to their supervisors.
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4 Guidelines

4.1 Types of Hazards

Irritants

Irritants are materials that cause inflammation of the body surface with which they come
in contact. The inflammation results from concentrations far below those needed to cause
corrosion. Common irritants include substances such as:

e ammonia

e alkaline dusts and mists

e hydrogen chloride

e hydrogen fluoride*

¢ halogens

e oOzone

e phosgene*

¢ nitrogen dioxide

e phosphorus chloride

e arsenic trichloride
* These materials also have other hazardous properties.
Irritants can also cause changes in the mechanics of respiration and lung function. These
include:

¢ sulfur dioxide

e acetic acid

o formaldehyde*

o formic acid

¢ sulfuric acid

e acroleins

e halogens
* These materials also have other hazardous properties.
Long term exposure to irritants can result in increased mucous secretions and chronic
bronchitis.
A primary irritant exerts no systemic toxic action, either because the products formed on
the tissue of the respiratory tract are non-toxic or because the irritant action is more
severe than any systemic toxic action. Example: hydrogen chloride.
A secondary irritant's effect on mucous membranes is overshadowed by a systemic effect
resulting from irritant absorption. These include:

¢ hydrogen sulfide

e aromatic hydrocarbons
Exposure to a secondary irritant can result in pulmonary edema, hemorrhage and tissue
necrosis.

Asphyxiants
Simple Asphyxiants deprive the tissue of oxygen. Simple asphyxiants are inert gases that
displace oxygen. These include:
e nitrogen
¢ nitrous oxide
e carbon dioxide
e helium
Chemical asphyxiants render the body incapable of maintaining an adequate oxygen
supply. They are active at very low concentrations (few ppm). These include:
e carbon monoxide
e cyanides
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Hepatotoxic Agents

Hepatotoxic agents cause damage to the liver. These include:
carbon tetrachloride

tetrachloroethane

nitrosamines

Nephrotoxic Agents

Nephrotoxic agents damage the kidneys. These include:

halogenated hydrocarbons
uranium compounds

Neurotoxic Agents

Neurotoxic agents damage the nervous system. The nervous system is especially
sensitive to organometallic compounds and certain sulfide compounds. These include:

trialkyl tin compounds

tetraethyl lead

methyl mercury

carbon disulfide

organic phosphorus insecticides
manganese

thallium

Some toxic agents act on the blood or hematopoietic system. The blood cells can be directly
affected or the bone marrow can be damaged. These include:

nitrites
aniline
toluidine
nitrobenzene
benzene

There are toxic agents that produce damage of the pulmonary tissue (lungs) but not by
immediate irritant action. Fibrotic changes can be caused by free silica and asbestos. Other
dusts can cause a restrictive disease called pneumoconiosis.

Carcinogens

The term carcinogen describes any agent that can initiate or speed the development of
malignant or potentially malignant tumors, malignant neoplastic proliferation of cells, or
cells that possess such material. A select carcinogen is any substance that meets one of
the following criteria:

It is regulated by the United States Occupational Safety and Health
Administration as a carcinogen.

It is listed under the category, "known to be carcinogens" in the United States
National Toxicology Program (NTP).

It is listed under Group 1, "carcinogenic to humans" by the International Agency
for Research on Cancer Monographs (IARC).

It is listed under Group 2A or 2B by IARC or under the category "reasonably
anticipated to be carcinogens" by NTP, and causes statistically significant tumor
incidence in experimental animals according to any of the following criteria:

After inhalation exposure of 6-7 hours per day, 5 days per week, for a significant
portion of a lifetime, to doses of less than 10 mg/m3.

After repeated skin applications of 300 mg/kg of body weight per week.

After oral doses of less than 50 mg/kg of body weight per day.
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Reproductive Hazards

Reproductive hazards are chemicals that affect the reproductive capabilities including
chromosomal damage (mutagens) and effects on the fetus (teratogens).

A mutagen affects the chromosome chains of exposed cells. The effect is hereditary and
becomes part of the genetic pool passed on to future generation.

A teratogen (embryo toxic or fetotoxic agent) is an agent that interferes with the normal
embryonic development without damage to the mother or lethal effect on the fetus.
Effects are not hereditary.

A sensitizer causes the majority of the exposed population to develop an allergic reaction
in normal tissues after repeated exposure to the chemical. The reaction may be as mild
as a rash (contact dermatitis) or as serious as anaphylactic shock.

A list of reproductive hazards can be found in Appendix B.

Highly Toxic Chemicals

High toxic compounds have the ability to cause harmful effects which can be local or
systemic after a single exposure. Among the most useful parameters for assessing the
risk of acute toxicity of a chemical are its LDsq and LCs, values, the mean lethal dose or
lethal concentration causing death in experimental animals. A substance is highly toxic if:

. the oral LDsq for albino rats is less than 50 mg/kg
. the topical LDsq for albino rabbits is less than 200 mg/kg
. the LCsin albino rats is less than 200 ppm for one hour

The list of highly toxic chemicals is in Appendix C. A chemical’'s absence from this list
does not necessarily mean that it is not highly toxic. Always refer to the chemical’'s
Material Safety Data Sheet (SDS).

Explosive Chemicals

Explosives are solid, liquid, or gaseous chemicals that can cause a sudden, almost
instantaneous release of pressure, gas and heat when subjected to shock, pressure or
high temperature. Their acquisition, storage, use and disposal are highly regulated and
these materials demand the highest safety precautions.

Coordinate with the H & S for proper handling of explosive materials in the laboratory.

Reactive Chemicals
The variety of chemicals commonly present in the laboratory poses the potential for
accidental hazardous chemical reactions or explosions. A hazardous reaction occurs
when two or more incompatible chemicals combine, resulting in an undesirable or
uncontrolled reaction with adverse consequences. Such reactions may result when
incompatible chemicals spill by accident, inadvertently mix as chemical waste, or
combine unwittingly during experimental procedures.
Hazardous reactions may cause any one or more of the following:

Heat generation

Fire

Explosion

Formation of toxic vapors

Formation of flammable gases

Volatilization of toxic or flammable substances

Formation of substances of greater toxicity

Formation of shock or friction sensitive compounds

Pressurization in closed vessels

Solubilization of toxic substances

Dispersal of toxic dusts, mists, particles

Violent polymerization
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A reactive chemical is any solid, liquid or gaseous chemical substances that have the
potential to react rapidly to release relatively large amounts of energy and/or dangerous by
products (e.g. toxic gases). Some of these chemicals are:

Acetylenic Compounds are explosive in mixtures of 2.5- 80% with air at pressures of
two or more atmospheres. Acetylene (C,H,) subjected to an electrical discharge or high
temperature decomposes with explosive violence. Dry acetylides detonate on receiving
the slightest shock.

Aluminum Chloride (AICI3) is a potential dangerous material because if moisture is
present, decomposition can produce hydrogen chloride (HCI) and build up considerable
container pressure. When opening a bottle that has been stored for a long time,
completely enclose it in a heavy towel.

Ammonia (NH3) reacts with iodine to produce nitrogen tri-iodide (which is explosive)
and with hypochlorite to produce chlorine. Do not mix ammonia-based cleaners with
bleach. Mixtures of ammonia and organic halides sometimes react violently when
heated under pressure.

Aqua Regia is a mixture of nitric acid and hydrochloric acid and is sometimes used for
dissolving noble metals or as glassware cleaner. Try to avoid using aqua regia. If
needed, use only what is needed in a laboratory fume hood and destroy it within the
hood after use. Do not store it in closed containers; attempts to store aqua regia will
most likely rupture the storage container. Upon generation, the nitric acid begins to
reduce, with evolution of toxic nitrogen dioxide gas.

Bensoyl Peroxide (C¢H5CO,) is easily ignited and sensitive to shock. It decomposes
spontaneously at temperature above 50°C but a cab be desensitized by addition of
20% by volume of water.

Carbon Disulfide (CS,) is highly toxic and highly flammable; when mixed with air, its
vapors can ignite by a steam bath or pipe, a hot plate, or a glowing light bulb. Carbon
disulfide catches fire spontaneously upon contact with a hot surface at a temperature
approximating or exceeding 80 °C.

Chlorine (Cl;) may react violently with hydrogen (H,) or with hydrocarbons when
exposed to sunlight.

Diazomethane (CH.N,) and related diazo compounds require extreme caution. They
are very toxic and the pure forms (gases and liquids) explode readily. Diazald (a
precursor to diazomethane) is a high explosive. Solutions in ether are safer and are
rendered harmless by drop wise addition of acetic acid.

Diethyl, Isopropyl and other Ethers (particularly the branched-chain type) may
explode during heating or refluxing due to the presence of peroxides. Ferrous salts or
sodium bisulfate can decompose these peroxides and passage over basic active
alumina will remove most of the peroxide material. Mark containers with the date
received, date opened, and date to be discarded, and discard them before they are out
of date.

Diethylzinc [(C,Hs).Zn is a violently pyrophoric (air reactive), water-reactive and light
sensitive liquid and is generally sold in mixture with toluene, hexane, or other organic
solvents. At concentrations above 1.1 molar, store diethylzinc in an inert atmosphere at
or below room temperature. Do not use water for extinguishing fires; use dry powder,
soda ash or lime.

Dimethyl Sulfoxide [(CH3)SO] decomposes violently on contact with wide variety of
active halogen compounds. Explosions from contact with active metal hydrides have
been reported. Its toxicity is still unknown, buy it penetrates and carries dissolved
substances through the skin membrane.

Dinitrophenols [(NO,),C¢H3;OH] such as 2,4-DNP and 2,6-DNP are sensitive to light,
heat, friction and shock and should never be allowed to dry out. 2,4-DNP form
explosive salts with alkalis and ammonia. Oxidative decomposition can produce
nitrogen oxides. At water concentrations less than 15%, DNPs are explosive.
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Dry ice, a solid carbon dioxide (CO,) is not to be kept in a container that is not
designed to withstand pressure. Containers of other substances stored over dry ice for
extended periods generally absorb carbon dioxide unless sealed with care. When
removing such containers from storage and allowing them to come rapidly to room
temperature, the CO, may develop sufficient pressure to burst the container with
explosive violence. On the removal of such containers from storage, loosen the
stopper, or wrap the container in towels and keep it behind a shield. Dry ice can
produce serious burns. Do not store dry ice in walk-in cold rooms, as this may result in
an oxygen deficient atmosphere.

Drying Agents-Ascarite must not mix with phosphorus pentoxide (P,Os) because the
mixture may explode if warmed with a trace of water. Since organic solvents may
extract the cobalt salts used as moisture indicators in some drying agents, the use of
these drying agents shall be restricted to gases

Ethylene Oxide (C,H;O) can explode when heated in a closed vessel. Carry out
experiments using ethylene oxide under pressure behind suitable barricades.

Fulminic Acid (HCNO), metal salts and other compounds that contain the fulminate
ion (C=N"-O") are highly unstable due to the weak single N-O bond. Fulminates are
friction-sensitive primary explosives.

Grignard Reagents (R-Mg-X) are alkyl- or aryl- magnesium halides that are highly
reactive with oxygen and carbonyls. They can spontaneously ignite in most air; handle
Grignard reagents under inert gases such as argon or nitrogen, or in solvents such as
tetrahydrofuran or ethyl ether.

Halogenated Compounds such as chloroform (CHCI;), methylene chloride (CH,Cl,),
carbon tetrachloride (CCl,), and other halogenated solvents shall not be dried with
sodium, potassium, or other active metals; violent explosions can result.

Hydrogen Peroxide (H,O,) stronger than three percent (3%) can be dangerous; in
contact with the skin, it may cause severe burns. Thirty percent H,O, may decompose
violently if contaminated with iron, copper, chromium, other metals or salts. Stirring
bars may inadvertently bring metal into a reaction, so use with caution.
Liquid-Nitrogen Storage Cooled Traps, when opened into the atmosphere, it rapidly
condenses liquid air. With coolant removal, a pressure buildup may occur and be
sufficient to shatter glass equipment. Only cool sealed or evacuated equipment with
liquid nitrogen.

Liquid Nitrogen Storage Dewars are common for cryopreservation of samples.
Cryopreservation vials stored in the liquid phase of liquid nitrogen can rupture upon
warming if liquid nitrogen has infiltrated them, as the liquid nitrogen expands more than
600 times during evaporation. Store vials in the gaseous state go above the liquid
nitrogen to avoid infiltration.

Lithium Aluminum Hydride (LiALH4) shall not be used to dry methyl ethers or
tetrahydrofuran. The products of its reaction with CO, can be explosive. Do not use
carbon dioxide or bicarbonate extinguishers against LiAlH, fires; use sand or a class D
extinguisher.

Nitric Acid (HNO3) is a powerful oxidizing agent that ignites on contact or reacts
explosively with a variety of organic substances including acetic anhydride, acetone,
acetonitrile, many alcohols, benzene, DMSO, and methylene chloride. Do not store
nitric acid with combustible organic acids such as acetic acid or formic acid. Nitric acid
can also react violently with many inorganic substances including bases, reducing
agents, alkali metals, copper, phosphorus, and ammonia.

Nitrocellulose [(C¢H;O41N3)n] in dry, unstabilized form becomes explosive when
heated or subjected to sudden shock. Store moist, away from heat sources and
sunlight, and segregated from other materials. Nitrocellulose in membrane filters with
polyester backing and mixed cellulose ester (MCE) filters is more stable, but can still
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spontaneously combust when exposed to oxidizing agents or sources of heat. Do not
store filters where exposure to direct sunlight could occur.

e Nitroglycerin [(C3H3(NO3);] for research purposes it is usually in tincture form, mixed
with alcohol. Do not allow the carrier to evaporate, as this will result in high explosive
nitroglycerin.

e Oxygen Tanks can explode due to contact between oil and high pressure oxygen. Do
not use oil in connections with an oxygen cylinder or regulator. Do not use soap-based
leak detector compounds on the connection that threads of an oxygen cylinder.

e Ozone (O3) is a highly reactive and toxic gas. It forms by the action of ultraviolet light
on oxygen (air) and, therefore, certain ultraviolet sources may require venting to the
exhaust hood.

e Palladium or Platinum on Carbon, Platinum Oxide, Raney Nickel, and other
Catalysts, must be carefully filtered from catalytic hydrogenation reaction mixtures.
The recovered catalyst is saturated with hydrogen and highly reactive; thus, it will ignite
spontaneously on exposure to air. Particularly for large-scale reactions, do not allow
the filter cake to dry. Place the funnel containing the still-moist catalyst filter cake into a
water bath immediately after completion of the filtration. Another hazard in working
with such catalysts is the potential of explosion when adding additional catalyst to a
flask in which hydrogen is present.

e Parr Bombs used for digestions or hydrogenations have failed and exploded. Handle
all high-stress equipment such as bomb calorimeters with care behind bench top
shields, and wear proper eye protectors.

e Perchlorate use should be avoided whenever possible. Do not use perchlorates as
drying agents if there is a possibility of contact with organic compounds, or in proximity
to a dehydrating acid strong enough to concentrate the perchloric acid (HCIO,) to more
than 70% strength (e.g., in a drying train that has a bubble container containing sulfuric
acid). Use safer drying agents. Seventy percent (70%) HCIO, can be boiled safely at
approximately 200 °C, but contact of the boiling undiluted acid or the hot vapor with
organic matter, or even easily oxidized inorganic matter (such as compounds or
trivalent antinomy), will lead to serious explosions. Do not allow oxidizable substances
to contact HCIO,. Use beaker tongs, rather than rubber gloves, when handling fuming
HCIQO,. Carry out perchloric acid evaporations and digestions in a dedicated hood that
has a good draft, and that is washable. Frequent washing out of the hood and
ventilator ducts with water is necessary to avoid the danger of metal perchlorate
buildup, which could lead to spontaneous combustion or explosion.

e Permanganates are explosives when ftreated with sulfuric acid. When both
compounds are in an absorption train, place an empty trap between them.

e Peroxides (inorganic), when mixed with combustible materials, barium, sodium, and
potassium, form explosives that ignite easily.

e Phosphorus (P), both red and white, forms of explosive mixtures with oxidizing agents.
White (also called yellow) P should be stored under water, in glass, because it is
pyrophoric. The reaction of P with aqueous hydroxides gives phosphine (PH3;), a highly
toxic gas that can also ignite or explode spontaneously in air.

e Phosphorus Trichloride (PCl;) reacts with water to form phosphorous acid, which
decomposes on heating to form phosphine, which may ignite spontaneously in the air
or explode. Take care when opening containers of PC13, and do not heat samples that
were exposed to moisture without adequate shielding to protect yourself.

e Picric Acid [(NO,);CsH,OH], also known as 2,4,6,-trinitrophenol, can form explosive
compounds with many combustible materials. Do not store in metal containers, as this
can cause the formation of highly explosive metal picrate salts. Picric acid in saturated
aqueous solution is relatively stable, but becomes less stable with age; in solutions of
10% to 40% water, it is considered a flammable solid. If picric acid dries, to less than
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10% water), it is a high explosive and must not be touched or disturbed except by the
trained high-hazard removal specialists.

e Piranha Solutions (mixtures of sulfuric acid and hydrogen peroxide) used for the
removal of organic materials which must never be stored, as they are likely to
pressurize and explode their container. Make only what you need, and discard
immediately after use. Solutions are very energetic and heat to over 100 °C during
mixing; handle with care.

e Potassium (K) is in general more reactive than sodium, and ignites quickly on
exposure to humid air; therefore, handle it under the surface of a hydrocarbon solvent
such as mineral oil or kerosene (see Sodium). Potassium may also form peroxides
even while stored under oil.

e Propargyl Bromide (C;H3Br), is also known as 3-bromopropyne, and unstable water-
insoluble compound that is usually stored in a solvent such as toluene. Do not allow
propargyl bromide to dry out, do not store it in an area near the heat sources, and do
not expose it to mild mechanical shocks.

e Residues from Vacuum Distillations (for example, ethyl palmitate) have exploded
when the still was vented to the air before the residue was cool.  Avoid such
explosions by venting the still pot with nitrogen, cooling it before venting, or restoring
the pressure slowly.

e Sodium (Na) shall be stored in a closed container under kerosene, toluene or mineral
oil. Destroy scraps or Na or K by reaction with n-butyl alcohol. Avoid contact with
water, as sodium reacts violently with water to form hydrogen with the evolution of
sufficient heat to cause ignition. Use sand or Class D extinguishers on alkali metal
fires. Do not use CO; fire extinguishers.

e Sodium Amide (NaNH,) can rapidly absorb water and carbon dioxide from humid air.
Oxidation can produce sodium nitrite in a mixture that is unstable and may explode.
Store sodium amide in a cool, dry place in a tightly-sealed container under inert gas
blanket.

e Sodium Azide (NaN3) can react with copper and lead (including copper and lead in
plumbing) to produce explosive copper or lead azide. Use caution when drain
disposing substances that contain any amount of sodium azide. Even the trace
amounts («1%) used as an antimicrobial chemical mixtures and reagents test kits can
react with copper or lead in areas such as P-traps; there is the potential for prolonged
contact between the azide and lead/copper that might be in these traps. If you drain
dispose any substances with trace amounts of sodium azide, flush with copious
amounts of water. Sodium azide is also highly toxic, and can decompose explosively
due to heat, shock, concussion, or friction. Do not mix with sulfuric or nitric acid.

e Sulfuric Acid (H,SO,) should be avoided, if possible, as a drying agent in desiccators.
If used, place glass beads in it to prevent splashing when the desiccators is moved.
Avoid using H,SO, in melting point baths, use silicone oil instead. To dilute H,SO,),
add the acid slowly to cold water.

e Tollens Reagents, which contain an aqueous diamine silver complex [Ag(NH3),"] and
are used to test for aldehydes, must be freshly prepared and NEVER stored for longer
than 1-2 hours. Stored Tollens Reagent can form explosive fulminating silver (AgsN).
Acidify with dilute acid before disposal.

e Trichloroethylene (CI,CCHCI) reacts under a variety of conditions with potassium or
sodium hydroxide to form dichloroacetylene (CIC=CCI), which ignites spontaneously in
the air and detonates readily even at dry-ice temperatures. The compound itself is
toxic, so take suitable precautions when using as a degreasing solvent. Methyl
chloroform (1,1,1-trichloroethane) is a less toxic substitute.
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4.2 Safe Usage of Chemicals

All chemicals can have toxic effects at some dose level and particular route(s) of exposure. It is
therefore wise to minimize exposure to chemicals. Chemicals can have local or systematic
effects. Local toxicity refers to the direct action of chemicals at the point of contact. Systematic
toxicity occurs when the chemical agent is absorbed into the bloodstream and distributed
throughout the body, affecting one or more organs. Health effects can be acute or chronic. Acute
effects last for a relatively short time and then disappear. Chronic effects are not reversible.

Acute exposures to chemicals are for short periods. Chronic health effects can develop from
acute exposures depending on the properties and amounts of the chemical. Acute or chronic
adverse health effects can occur with chronic (repeated) exposure to chemicals, even at low
concentrations.

4.2.1 Routes of Exposure

Dermal Contact

Skin contact is one of the most common chemical exposure routes in the laboratory settings.
Spills and splashes can result in overt skin contamination. In addition, laboratory personnel
may unknowingly contaminate themselves when they touch work surfaces, glassware, or
equipment contaminated during experiments. A common result of skin contact is localized
irritation or dermatitis. However, a number of materials are absorbed through the skin are the
hair follicles, sebaceous glands, sweat glands, and cuts or abrasions of the outer layers of the
skin. The follicles and the glands contain blood vessels, which facilitate the absorption of
chemicals into the body. Chemicals can also enter the body when contaminated hands touch
the mouth, nose, eyes, sores or cuts.

Inhalation

Inhalation of toxic vapors, mists, gases, or dust can produce poisoning by absorption through
the mucous membrane of the mouth, throat and lungs, and can seriously damage these
tissues by local action. Inhaled gases or vapors may pass rapidly through the capillaries of the
lungs and enter the circulatory system. The degree of injury through the inhalation of toxic
substances depends on the material’s toxicity, solubility in tissue fluids, concentrations, and
the durations of exposure.

Although inhalation hazards are more often associated with gases and volatile chemicals, both
solids and non-volatile liquids can also present an inhalation hazard for laboratory personnel.
Laboratory chemicals in the form of dust and particulates can become airborne when
transferred from one container to another. Grinding and crushing procedures can also produce
aerosols. Splashes created from spills and vigorous shaking and mixing form aerosols. Many
of these generated particulates do not settle out but remain suspended in the air and travel
along air currents in the room. Some of these particulates can be inhaled and they deposit in
the respiratory tract. All laboratory operations involving an open vessel will result in aerosol
release. Such operations include weighing, stirring, pouring, pipetting, injections with a needle
and syringe, and removing caps and stoppers.

Ingestion
Ingestion of toxic materials in the laboratory can occur when contaminated hands come in

contact with mouth or with food stuff. The laboratory environment can contaminate food stuff
and utensils. Do not mouth pipette, as this can result in aspiration of toxic materials.

11
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Injection

Accidents involving needles and syringes can result in injection of toxic and/or infectious
materials through the skin. Needles and syringes are among the most hazardous items used
in the laboratory. Containers of toxic chemicals may break, resulting in hazard from contact
with contaminated broken glass.

Ocular Exposure

The eyes are of particular concern, due to their sensitivity to irritants. Ocular exposure can
occur via splash, or rubbing eyes with contaminated hands. Few substances are innocuous
with eye contact, and several can cause burns and loss of vision. The eyes have many blood
vessels, and rapidly absorb many chemicals.

4.2.2 Safe Handling Practices

Access Control
The Laboratory Supervisor or work area supervisor must control access to laboratories or
other work places that contain chemicals. Keep the laboratory door closed while
experiments are in progress. This practice not only protects persons who might otherwise
enter the laboratory, it reduces interruptions to laboratory staff that could lead to
accidents. Laboratory fume hoods work best and offer the most worker protection, when
the door to the laboratory is closed.

Personal Practices
e Wash your hands immediately after completion of any procedure involving chemicals,
and when leaving the laboratory. Soap must be in liquid form, with a pump dispenser.
e Eating, drinking, smoking, chewing gum, applying cosmetics and storing utensils,
food and food containers are prohibited.
e Use mechanical pipetting aids for all pipetting procedures. NEVER MOUTH
PIPETTE.

Decontamination of Work Surfaces
Protect work surfaces from contamination by using “bench paper” (disposable plastic-
backed absorbent paper) or stainless steel trays. Place plastic side down and the
absorbent side facing up. Change worn or contaminated bench paper and dispose
properly. Decontaminate other items and equipment with appropriate solvents when
contaminated during experiments.

Minimizing Aerosols

. Discharge liquids from pipettes as close as possible to the fluid level of the receiving
vessel or allowing the contents to run down the wall of the receiving vessel.
Dropping the contents from a height generates more aerosols.

. Avoid rapid mixing of liquids with pipettes by alternate suction and expulsion, or
forcibly expelling material from a pipette.

. Take extra care when discarding contaminated gloves or plastic-backed absorber
paper used to cover the work surface, to avoid aerosolizing contaminants.

. Clean floors with a wet mop or with a vacuum cleaner equipped with a HEPA filter,
as dry sweeping or dry mopping contaminated laboratory floors could aerosolize
contamination.

12
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Carcinogens

e Appropriate pre-employment and periodic medical examinations should be provided
for persons handling or potentially being exposed to chemical carcinogens. The pre-
employment examination should include a personal history review of the individual, his
family and his occupational background, with emphasis on genetic and environmental
factors known to be associated with an increased incidence of cancer.

e Persons having reduced immunological competence, those undergoing treatment with
steroids, pregnant women and chronic tobacco users should be cautioned against
access to areas where chemical carcinogens are processed.

e The Laboratory In-charge is responsible for the preparation of general safety protocols
for each carcinogen to be handled in a test. The protocols should include specific
details identifying the physical and toxicological properties of the carcinogen and the
use, storage, emergency treatment and disposal procedures.

o When working with carcinogens, wear protective apparel, including eye protectors. A
change area and shower must be readily available.

e Thoroughly wash hands, forearms, face and neck after each episode of handling.

o Work should be performed in a regularly maintained hood with an average linear face
velocity of 100 - 120 feed per minute, with complete filtering or treatment of the air
before release.

e Housekeeping and cleanup should stress aerosol suppression and preclude dry
sweeping.

e Carcinogen waste shall be collected, labeled, and disposed of by a licensed chemical
disposal company.

e All containers of carcinogen should be clearly labeled and kept in a hood designated
only for carcinogen use.

¢ In the case of any carcinogenic spill or contamination, shower immediately.

Cryogenic Liquids
Cryogenic liquids are pressurized liquids formed by compressing gases to a point where
the temperature reaches-60 degrees C to -270 degrees C). They are particularly
hazardous because they can explode or cause structural materials to become fatigued
and brittle.

The low boiling points of cryogenic liquids (-60 C to -270 C) require that they be kept
liquefied under pressure. Many are used at room temperature which means that they are
at their boiling point when actually used. Carelessness at this point may result in frostbite
and frozen skin tissue through body contact or asphyxiation if inhaled directly from the
pressurized cylinder.

Please refer to QU SOP-03 Compressed Gas Cylinders for the safety practices to be
considered when using or handling cryogenics.

4.2.3 Storage

. ___________________________________________________________________________________________________________________|
Inventory and Inspection

e Each laboratory shall maintain an inventory of the chemicals stored in the laboratory.

¢ Designate a storage place for each chemical, and return it to that storing place after
each use.

e Store chemicals by hazard class, not alphabetically, and post storage areas the exact
location of the chemical groups.

¢ Inspect chemical storage areas at least annually for outdated or unneeded items,
illegible labels, leaking containers, etc.

13
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Proper Sealing of Chemical Containers

e To prevent leakage, odors, or reaction with air, tightly seal all containers of highly toxic,
highly volatile, malodorous, carcinogenic or reactive chemicals.

o Make sure that the caps and other closures are tight on all hazardous chemicals.

o A limited exception is freshly-generated mixtures such as acids and organics that may
generate gas pressure sufficient to burst a tightly sealed bottle. Keep the lids loose until
sufficient time passes to complete the reactions, and then tightly close the caps.

e Use a screw-cap with a conical polyethylene or Teflon insert.

e Seal the caps with tape or Para film as further precaution.

o Additional protection include wrapping in an absorbent paper & sealing inside plastic
bag & and storing the bag inside a metal can with a friction-fitting lid.

Segregation of Chemicals

The storage of hazardous materials should be supervised by a competent, trained
person to ensure that the materials are properly segregated. Incompatible materials
shall be segregated to prevent accidental contact with one another. Dry materials,
liquids, and gases should be stored separately from each other. Further separation of
the materials based on hazard class should be made. Once separated into hazard
classes, chemicals may be stored alphabetically. Only use approved storage
containers and safety cans for flammable liquids. Always use spill trays under
containers of strong corrosive reagents. Do not store liquids above eye level. The
following are guidelines for hazardous material segregation:

Group A - Acids, Inorganic

e Store large bottles of acids in special cabinets or on low shelves.

¢ Place acids in plastic trays for secondary containment in case of breakage.

e Segregate inorganic and oxidizing acids from organic compounds including
organic acids and other combustible materials.

o Store acids separate from bases and other reducing agents.

¢ Inorganic salts, except of heavy metals, may be stored in this group.

e Segregate nitric acid (> 40%) from inorganic acids.

e Glacial acetic acid should be stored with flammable and combustible
materials since it is combustible.

Group B — Bases
e Segregate bases from acids and oxidizers on shelves near the floor.
e The preferred storage container for inorganic hydroxides is polyethylene
instead of glass.
¢ Place containers in trays for secondary containment

Group C - Organic Chemicals
e Segregate organics compounds from the inorganics.
¢ Organic and inorganic materials with National Fire Protection Association
(NFPA) 704 or Workplace Hazardous Material Information System (WHMIS)
reactive rating of two (2) or less may be stored together. Chemicals with a
reactive hazard rating of three (3) or four (4) are to be stored separately.

Group D - Flammable and Combustible Organic Liquids

e No more than 230 liters of Class 1 flammable liquids (flash point below
37.8° C) or Class Il combustible liquids (flash point between 37.8° C and 60° C)
may be stored in flammable liquid storage cabinets. The 230-liter limit per room is
based on two storage cabinets, with a maximum of 115 liters per cabinet).

¢ No more than 460 liters of a Class Ill combustible liquid (flash point between
60° C and 93° C) may be stored in a flammable-liquids storage cabinet.

¢ Store flammable and combustible materials away from oxidizers.

14
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Group E - Inorganic Oxidizers and Salts
¢ Store inorganic oxidizers away from combustible alkaline metals, formic acid
and other reducing agents.
e Inorganic salts may also be stored in this group.
e Store ammonium nitrate separately.

Group F — Organic Peroxides and Explosives
¢ Organic peroxides and explosives are shock and heat sensitive chemicals,
and should be stored in a dedicated cabinet.

Group G — Reactive
o Store water reactive chemicals in a cool dry place away from water sources.
e Alkali metals (lithium. Sodium, potassium, rubidium and cesium) should be stored
under mineral oil or in waterproof enclosures such as glove boxes.
e Store white or yellow phosphorous under water in glass-stopper bottles
inside a metal can for added protection.

Group H — Cyanides and Sulfides
¢ |solate from acids and other oxidizers.

Flammable Liquids Storage outside a Cabinet

e Storage of flammable liquids outside a storage cabinet shall be avoided when
possible. Flammable liquids that are not in use should be stored in an appropriate
cabinet.

e The maximum quantity of flammable liquids permitted to be stored in a laboratory
outside the flammable-liquids cabinet varies depending on the design of the research
building.

e Flammable liquids should not be stored in refrigerators unless it is UL approved for
flammable liquid storage. Storage of flammable liquids in household grade
refrigerators is a fire hazard. Household grade refrigerators should be labeled: "No
food or flammabile liquid storage".

4.2.4 Disposal

Ensure that all chemicals are disposed in accordance with QU SOP-03 Hazardous Waste
Disposal.

4.2.5 Transportation

The transportation of hazardous chemicals in laboratory buildings provides the greatest
potential for chemical exposure to the building occupants. Spills occurring outside
storerooms and laboratories may lead to hazardous concentrations of vapors and gases
being distributed throughout the building.

Freight elevators shall be used where available to transport hazardous materials. Under no
circumstances should passenger elevators be used for the transportation of hazardous
materials if freight elevators are available.

Flammable liquids shall be transported in rugged pressure-resistant safety cans.

Original containers of flammable liquids shall be placed in an outside container or acid-
carrying bucket.

No more than 5 gallons of flammable liquids in glass containers shall be transported on the
freight elevator unless the original shipping carton (box) is used and the materials are on an
appropriate cart.
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4.3 Special Handling for Hydrofluoric Acid

Hazards

Hydrofluoric acid (HF) differs from other acids because it readily penetrates the skin and
dissociates into fluoride ions, causing destruction of deep tissue layers, including bone.
The fluoride ion affects tissue integrity and metabolism by liquefaction necrosis,
decalcification and destruction of bone, and production of insoluble salts. Loss of calcium
(hypokalemia) results from precipitation of calcium from the blood as CaF,. This results in
calcium loss from the bones to equilibrate the decreased serum calcium. The
development of hypokalemia can be rapidly fatal because calcium is important for
muscles, including the cardiac muscle (heart), to function properly. Fluoride ions might
also combine with potassium and magnesium ions, leading to myocardial and arrhythmia.
Death from metabolic acidosis, hypokalemia, or ventricular arrhythmia can occur several
hours after exposure.

Pains associated with skin exposure to HF may not occur for 1-24 ours. Unless HF is
rapidly neutralized and combines with the fluoride ions, tissue destruction may continue
for days and result in limb loss or death. HF is similar to other acids in that the initial
extent of burn depends on the concentration, temperature, and duration of contact with
the acid. Eye exposure to concentrations of HF greater than 0.5 % can result in severe
ocular damage, with delayed signs and symptoms.

Hydrofluoric acid vapors are also hazardous. Ocular irritation and injury can occur from
working with HF outside a vented enclosure (laboratory fume hood). Inhalation can cause
severe throat irritation, cough, dyspnea, cyanosis, lung injury and pulmonary edema. In
severe exposure cases, these can result in death.

Handling
Familiarize yourself with the hazard specific to HF before handling. Consult the SDS and
label information. Always handle HF in a properly functioning laboratory fume hood and in an
area equipped with an eyewash and emergency shower.

Required Personal Protective Equipment:

o Goggles

e Face shield (plastic)

o Gloves: Thin disposable gloves (such as 4, 6, 8 mil blue nitrile gloves) used laboratory
operations provide a contact barrier only and should be disposed immediately
when contamination is suspected. Thicker (10-12 mil) PVC or neoprene gloves
provide better resistance to HF but do not provide the necessary dexterity.
Thinner PVC or poly gloves can provide some resistance to HF, but shall require
immediate changing at the first sign of contamination. Do not wear disposable
gloves without double gloving because of the potential for exposure through
pinholes.

e Acid resistant apron

e Long pants and sleeves

¢ Closed toe shoes

Incompatibilities and Storage

e Store HF in a cool, dry place away from incompatible materials.

o HF reacts with many materials; avoid contact with glass, concrete, metals, water,
other acids, oxidizers, reducers, alkalis, combustibles, organics and ceramics.

e Store in containers made of polyethylene or fluorocarbon plastic, lead, or
platinum.

¢ Place storage bottles in polyethylene secondary containment trays.

e Never store HF, of HF waste in glass containers.
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4.4 Compressed Gases Handling

Refer to QU SOP-03 Compressed Gas Cylinders for the safety procedures when dealing with
compressed gases.

4.5 Workplace Hazardous Materials Information System
(WHMIS)

Workplace Hazardous Materials Information System (WHMIS) is a communication system
that provides information to all staff, faculty and students about hazardous materials used
within workplaces.

The system has three components that provide information about the materials you work
with, about the physical agents you are exposed to and the hazards that exist in the working
environment.

Material Safety Data Sheet - Basic information about the specific material including:

how it should be handled and/or stored, protective measures, and emergency procedures.
Labels - A label displayed on each package or container of a controlled product used in the
workplace. Standardized warning symbols are part of the WHMIS Classification System.
Worker Education - Training programs must be provided to everyone who works with the
hazardous materials.

4.5.1 Hazard Classification System

The WHMIS Hazard Classification System identifies six types, or broad classes of hazardous
materials. Divisions are provided in some classes to separate different groups of hazardous
materials within a class. The classification system determines whether a product meets the
criteria for inclusion in any of the WHMIS classes or is subject to the WHMIS information
requirements. Classification affects whether the product is included within WHMIS, but also
the:

e Content of labels, particularly hazard symbols, risk statements and precautionary

measures.

e Content of material safety data sheets, and

¢ Instruction provided to workers.

A system of standardized symbols on WHMIS labels, each with a circular border, provides

a uniform way to identify hazards.

Class A: Compressed Gas

The symbol for compressed gas is the outline of a compressed gas cylinder. A
compressed gas product is in a gaseous state and is kept under pressure.
Class A materials include compressed gases, dissolved gases or gases liquefied by
compression or refrigeration.

Some compressed gases are also flammable and combustible. Others are also
materials causing immediate and toxic effects. Whenever a controlled product falls
into two or more classes, two or more hazard symbols are provided.
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Class B: Flammable and Combustible Material

The symbol for Flammable and Combustible is a flame. This
classification refers to a solid, liquid or a gas that will ignite and continue to burn if
exposed to a flame or ignition.

Flammable materials will burn easily at or about room temperature (Flash point 38
degrees C or below) and Combustible material will burn when heated.
Six types of materials belong to this class:

e Flammable Gases: Examples - propane and hydrogen.

e Flammable Liquids: Example - gasoline.

e Combustible Liquids: Examples - paint thinner and diesel fuel.

e Flammable Aerosols: Examples - hair spray, engine starter fluid and
penetrating oil.

o Reactive Flammable Materials: Examples - celluloid and metallic sodium.

o Combustible Solids: Examples - Wood and paper.

Class C: Oxidizing Materials

The symbol for Oxidizing Materials is a flame above an “O”, which
stands for “Oxygen”. Oxidizing materials will cause or assist to cause fires in
surrounding materials by supplying oxygen. Oxygen is required for all fires, and any
substance that increases the supply of oxygen will increase the chance of fire.
Examples include: peroxide bleach, nitrites and chlorates.

Class D Poisonous and Infectious Material
Materials that fall into Class D are further divided into three separate divisions:

Class D1: Materials Causing Immediate and Serious Effect

&

The symbol is the familiar skull and crossbones. Examples include
bleach, hydrogen sulphide, chlorine, strychnine and cyanides.

Class D2: Materials Causing Other Toxic Effect

The symbol is a “T” made into an exclamation mark that stands for
“TOXIC”. These are materials that may cause harmful effects usually sometime
after the first or repeated exposures. Examples include: vapors of solvents,
mercury, some herbicides and aromatic solvents.
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Class D3: Biohazardous and Infectious Material

This symbol looks like a cell that is dividing. Biohazardous infectious
materials are organisms (and the toxins of organisms) that cause diseases such as
viruses, bacteria and fungi. Examples include: vaccines and science laboratory
classes.

Class E: Corrosive Material

="

The symbol for Corrosive material is liquid being poured onto a hand and
a piece of solid material causing damage to the hand and to the material itself. Corrosive
materials may cause burns and destroy tissues. They can also destroy other materials.
Examples: sulphuric acid, hydrochloric acid and anhydrous ammonia.

Class F: Dangerously Reactive Materials

R

The symbol is an exploding test tube inside a capital "R", which stands for "REACTIVE".
A substance is considered to be dangerously reactive when it will:

e React with water to produce a poisonous gas.
e Self-react if the container is heated, pressurized, or shaken; or
o Self-react because of age.

4.5.2 Safety Data Sheet

Safety Date Sheet is a report prepared by manufacturers containing useful information to
ensure their chemicals are handled and stored properly and identifying the types of
precaution, protective equipment, emergency preparedness that must be used for staff and
students' safety.

Safety Data Sheet (SDS) is required for all type of chemicals (liquid, solid, gases) in the
University. Storage area for chemicals will be provided with Safety Data Sheet (SDS).

The OSHA Hazard Communication Standard (29 CFR 1910.1200) requires manufacturers to
provide SDS at no cost. The following information is to be included:

Section | of the SDS lists information identifying the manufacturer and the product. It includes:
Manufacturer's name, address and telephone number

Number to call in case of emergency

Chemical name and synonyms

Trade name and synonyms

Chemical family and formula

Chemical Abstract Service (CAS) number that is a unique identification number
for chemical reagents.

o Date of preparation

Section Il describes the various hazardous ingredient(s) contained in the product, the
percentages of ingredient(s), and exposure limits when appropriate. This will include all
hazardous chemicals that comprise 1% or greater of the mixture will be identified.
Carcinogens must be listed if the concentrations are 0.1% or greater.
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Section Il describes the physical properties of the material. Physical properties include:
Boiling point

Specific gravity

Vapor pressure

Percent volatile

Vapor density

Evaporation rate

Solubility in water

Appearance and odor

Section |V describes the fire and explosion hazard data for the material and other fire and
explosion data. The appropriate extinguishing agent for fires involving the material will be
listed. Special firefighting procedures may also be listed.

Section V describes the known health hazard data for the material and exposure limits.
Symptoms or the health effects of an overexposure are listed. This information will help the
user and medical personnel recognize if an overexposure has occurred.

. Threshold limit value (TLV)

. Existing medical conditions that may be aggravated by exposure

. Effects of overexposure (e.g., headache, nausea, narcosis, eye irritation,
Weakness, skin rashes, etc.)

. Primary routes of exposure (i.e., inhalation, skin, ingestion)

. Cancer or other special health hazards

. Emergency and first aid procedures

Section VI describes reactivity data; that is, the material's ability to react and release energy or
heat under special conditions or when it comes in contact with certain substances.
Section VII gives instructions for the steps to be taken in case of an accidental release or spill.
The steps normally include information on containment, evacuation procedures, and waste
disposal. The statements on the SDS are general; more specific information is available
from the appropriate Work Instruction.
Section VIl describes the protective equipment for the individual who might have to work with
such substances. This section normally describes worst case conditions; therefore, the extent
to which personal protective equipment is required as task dependent. Always review the
appropriate Standard Operating Procedure. Equipment may include:

e Respiratory equipment

e Ventilation

e Protective gloves

o Eye protection

e Other protective equipment (i.e., special clothing).

Section IX describes handling and storage procedures to be taken with the material.
Information may include statements such as: keep container closed; store in a cool, dry, well
ventilated area; keep refrigerated; avoid exposure to sunlight.

Section X describes any special precautions or miscellaneous information regarding the
material. In some cases, manufacturers may choose to withhold certain information on a
SDS provided the information is trade secret. Regardless of the existence of trade secrets,
the SDS must still contain all relevant hazard, protection, and health information.

Some SDS may not contain all the ten sections or the information may be in a slightly different
order. However, the basic information defined above must be provided.

Some SDSs are more complete than others. Do not assume everything you need to know is
contained on the SDS. Do not assume if a section is left blank that there is no risk.
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4.5.3 WHMIS Labels

Supplier Labels

Suppliers of WHMIS controlled products to workplaces at Qatar University, whether
importing, producing, or selling these products, must affix a supplier label. Supplier
labels must:

Have the distinctive cross-hatch border in a color that will contrast with the
background on which it appears.

Be placed on the hazardous material or container so that it is visible under
normal storage and use.

Supplier labels must include:

Product Identification

The common name, chemical name, trade name, generic name, brand
name, code name, or code number of a hazardous material.

Hazard Symbol

A specific WHMIS symbol that represents one or more of the hazard
classifications that applies to the product.

Risk Phrase

A brief description of the hazard and the effects of harmful exposure to the
body.

Precautionary Measures

Brief instructions for the safe use of the material.

First Aid Measures

A brief description of treatment for exposure to the material.

Supplier Identifier

The name of the suppler.

Reference to the SDS

A statement indicating that a copy of the applicable SDS is readily available
in the workplace.

Workplace Labels

Workplace label must be placed on containers that are filled from suppliers'
containers, and/or when a supplier label becomes illegible or is removed from the

product.

Workplace labels are designed, attached and required for:
e Portable containers into which product has been transferred.
e Supplier containers with illegible labels (unless a supplier label is available).
These labels must include:

¢ Product Identification

The common name, chemical name, trade name, generic name, brand
name, code name, or code number of a hazardous material.

e Safe Handling Instructions

This includes unique risks associated with the normal use of the
controlled product and the possible emergencies.

e Reference to the SDS

A statement indicating that a copy of the applicable SDS is readily
available in the workplace

The workplace label may be any size, shape or color and there are no
language requirements, but it must be clearly visible and easy to read.
The cross-hatch border, WHMIS symbols and phrases may appear on the
workplace label, but they do not constitute requirements.

Both labels below are acceptable.
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4.5.4 Worker Education

Refer to QU HSMS - Training and Competency for training requirements related to
chemical safety.

4.6 National Fire Protection Association (NFPA) 704 Diamond

The NFPA 704 Diamond is a standard placard used to identify the level of chemical hazard at
fixed locations, such warehouses, storage tanks, and storage sheds. The NFPA diamond
also is used on some transported containers. It's sometimes called the "fire diamond."

The NFPA 704 diamond (shown below) is divided into four colored quadrants. Each quadrant
provides information about the materials inside:

Fire
Hazard

Health

Reactivity
Hazard

Hazard

Special
Hazard

Within the blue, red, and yellow quadrants is a number from 0 to 4. The number
indicates the degree of risk associated with the material. The higher the number, the
higher the risk. For some materials, the white quadrant contains symbols indicating special
hazards. The meaning of each code number and symbol is shown below.

If more than one chemical is present at a facility, the NFPA diamond indicates overall hazard
at that location, not the hazard posed by a particular chemical. It shows the highest of each of
the four hazards present. For example, it may be that one chemical poses the highest health
hazard while another one poses the highest fire hazard.

If there's no NFPA diamond at a facility, don't assume that there are no dangerous chemicals
present. Sometimes, a diamond may be missing or displayed in a location where it isn't
visible to responder.

health hazards
(Flash Point)

4 — Deadly 4 Below73°F
3 — Extreme Danger 3 Below 100 °F
2 — Hazardous 2 Above 100 °F <200 °F
1 - Slightly Hazardous 1 Above 200 °F
0 — Normal Material 0 Will not burn

Yellow Represents White Represents

reactivity hazards specific hazards

Oxidizer -OX

4 — May detonate Acid -ACID
3 — Shock and heat may detonate Alkali - ALK
2 — Violent chemical change Corrosive - CORR
1 - Unstable if heated Use NOWATER = -W
0 — Stable Radioactive o
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4.7 Safe Work Practices & Procedures for Labs Equipment

4.7.1 Refrigerators and Freezers

The potential hazards posed by the laboratory refrigerators and freezers involve vapors from
the contents, the possible presence of incompatible chemicals and spillage.

o Only refrigerators and freezers specified for laboratory use should be utilized for the
storage of chemicals. These refrigerators have been constructed with special design
factors, such as heavy-duty cords and corrosion resistant interiors to help reduce the
risk of fire or explosions in the lab.

o Standard refrigerators have electrical fans and motors that make them potential
ignition sources for flammable vapors. Do not store flammable liquids in a refrigerator
unless it is approved for such storage. Flammable liquid-approved refrigerators are
designed with spark-producing parts on the outside to avoid accidental ignition. If
refrigeration is needed inside a flammable-storage room, you should use an
explosion-proof refrigerator.

e  Frost-free refrigerators should also be avoided. Many of them have a drain or tube or
hole that carries water and possibly any spilled materials to an area near the
compression, which may spark. Electric heaters used to defrost the freezing coils can
also spark.

. Only chemicals should be stored in chemical storage refrigerators; lab refrigerators
should not be used for food storage or preparation. Refrigerators should be labeled
for their intended purpose: “No Food or Drink should be Stored in this Refrigerator” or
“Refrigerator For Food Only”.

e  All materials in refrigerators or freezers should be labeled with the contents, owner,
date of acquisition or preparation and nature of any potential hazard. Since
refrigerators are often used for storage of large quantities of small vials and test
tubes, a reference to a list outside of the refrigerator could be used. Labels and ink
used to identify materials in the refrigerators should be water-resistant.

. All containers should be sealed, preferably with a cap. Containers should be placed
in secondary containers, or catch pans should be used.

. Loss of electrical power can produce extremely hazardous situations. Flammable or
toxic vapors may be released from refrigerators and freezers as chemicals warm up
and/or certain reactive materials may decompose energetically upon warming.

4.7.2 Stirring and Mixing Devices

The stirring and mixing devices commonly found in laboratories include s