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Safety & Emergency Protocols

CHAPTER 1

Introduction

This manual aims to educate us-
ers about safety practices and
emergency protocols in practice
around the IISc Campus. While
it covers many hazards, it cannot
account for every possible situ-
ation. Users must exercise dis-
cretion and common sense at all
times.

Repeated violations or wilful neg-
ligence of safety procedures may
lead to strict disciplinary mea-
sures, including probation, fines,
or, in severe cases, suspension of
lab access.

1.1

Safety
Principles

1.1.1 Define Standards

ALWAYS WEAR
SAFETY GOGGLES,
LAB APRONS, AND

PROTECTIVE
GLOVES

Fig 1.1 Safety signage to be displayed in the lab

Safe may mean different things to different people.
To prevent confusion, IISc insists on established
standards. The responsibility for defining safety pro-
tocols rests with the lab’s Principal Investigator (PI).

Hazards should be clearly labeled so others can eas-
ily understand them, e.g., use warning notes and la-
bels. Practices must be documented, not just com-
municated verbally.

The standards must comply with the IISc Safety Pol-
icy. All lab users in 1ISc must read and follow the lI1Sc
Safety Policy. The Safety Policy lays down the rights
and responsibilities of each actor — student, staff,
faculty, Department, and OLSEH. The standards must
also comply with this Safety Manual.



Fig 1.2

User referring to a chemical's MSDS

The ultimate responsibility for following the proto-
cols rests with the experimenter. Supervisors cannot
oversee the operations all the time. Users must be
self-disciplined to follow the rules in letter and spir-
it, even if they appear burdensome or pointless. Be
safe, not quick or easy.

Each individual must take responsibility in the event
of an incident, for example, by triggering alarms to
alert others or reporting unsafe conditions promptly.
Hazardous behavior by any individual can jeopardise
the safety of others. Safety is your responsibility.

The Institute works with every conceivable hazard.
The government allows us to operate with consid-
erable autonomy, trusting us to maintain the highest
levels of safety. We must preserve this trust.

1.1.3 Structure, not Skill

No matter how careful, people make mistakes. An ef-
fective safety policy does not rely on people or skill but
on systems to reduce the probability of accidents. Be-
fore beginning any project or process, think about all
potential hazards — all the things that can go wrong.
Focus on reducing the likelihood of accidents by intel-
ligent precautions. Seek solutions that are “error-tol-

” oo

erant”. “I will be careful with chemicals” is not an “id-

iot-proof” precaution; chemical-resistant gloves are.

OLSEH, Indian Institute of Science

Learn how to store, handle,
and dispose of
hazardous
materials.
Experiments
should be
conducted in designated
areas with proper ventilation
and appropriate safety
accessories. Equipment
should be well maintained
with periodic inspections.
The ultimate responsibility for
funding and maintaining
safety systems rests with

the PI of the lab.

Figl.3  Properuse of PPE

1.1.4 Respond to Emergencies

Be prepared to respond quickly and effectively in an
emergency. Be familiar with the work area, emergen-
cy protocol, e.g., location of emergency exits, eye-
wash stations, fire extinguishers, sinks, spill kits, and
first-aid boxes. Just a few moments spent on training
could save a life during an emergency. The ultimate
responsibility for establishing training protocols,
documenting them, and ensuring student participa-
tion rests with the PI of the lab.

lFIRE EXIT’

‘FIRE ExiT|

Figl4  Emergency exit door
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1.2

Office of
Laboratory Safety
and Environmental

Health

Office of Laboratory Safety and Environmental
Health (OLSEH) polices safety in all labs at lISc.
The OLSEH office has a team of experienced and
trained EHS officers available to consult on safe-
ty issues. OLSEH has a repository of best prac-
tices. If you are unsure, contact them at safety.
olseh@iisc.ac.in. All communication with OLSEH
is confidential and shared only on a need-to-know
basis.

Finally, OLSEH is the executive arm of the IISc
Safety Committee. The OLSEH office has the
right to conduct spot audits, seek information,
regulate, and, in extreme cases, recommend dis-
ciplinary action. Please respond to any request
from the OLSEH office.

Office of Laboratory Safety and
Environmental Health (OLSEH)

EG-17 & EG-29

New Chemical Science Building,
Indian Institute of Science,
Bengaluru - 560012

; E: safety.olseh@iisc.ac.in
W: olseh.iisc.ac.in

1.3

The Safety Network

All departments and centres have a designated
Department Safety Champion. The updated list
of Safety Champions is on the OLSEH website
B https://olseh.iisc.ac.in/safety-network/

e safety-champions/.

The Safety Champion is the primary contact point
for any department-level safety-related concern.
They are also looped in if the Pl does not address
lab-specific issues.

The Safety Committee is the apex body on all
laboratory safety matters. If the OLSEH or Safety
Champion cannot resolve your issue,

please contact the Safety Committee at
safetycommittee@iisc.ac.in.

If all fails, you can escalate issues to the Regis-
trar, Deans, or the Director.

Safety is a collective responsibility. By following
the principles in this manual and working togeth-
er, we can sustain a strong culture of safety that
safeguards the entire [ISc community.



CHAPTER 2

General
Safety

This section describes safety
practices that are fundamental in
any laboratory. Following these
simple, “common sense” rules
will save you from most labora-
tory hazards. These rules apply
to all labs, even offices with just
computers.

OLSEH, Indian Institute of Science

2.1

Lab
In-Charges

Each lab will have a P, typically a faculty member
or permanent senior staff, responsible for estab-
lishing the protocols.

Each lab should also have a designated lab in-
charge, typically a senior student or staff mem-
ber, responsible for enforcing safety protocols.

7
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2.2

Definition of

Specialised Labs

Specialised labs are defined as any labs having

the following hazards. These labs have more haz-

ards and deserve a higher burden of safety Equip-

ment. Hence, the specialised labs will be audited

more frequently.

Table 2.1 Criteria for identification of specialised laboratory

Category

Laser

Biological

Electrical

Radiological

Cryogens

Gases

Compressed Gas

Chemicals

Special Hazards

Criteria

Class IV and non-visible lasers

Biosafety Level 3 (BSL-3) or higher

Load > 100 kW or exposed voltage > 450 V

lonising radiation dosage > 20 mSv/year

More than 500 litres of liquid nitrogen, helium, or other cryogen

Any gas with an NFPA 704 rating of 3 or 4

Cumulative volume > 80 m3 at > 200 kPa

As per OSHA 3844 classification (The table in annexure A)

Home-built equipment involving combustion, high-temperature chemical reactions
(> 500 °C), compression, or shockwaves - Labs with asphyxiation risks due to 02
displacement or lack of passive ventilation
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2.3

Safety Infrastructure

2.3.1 Provided by IISc
[1ISc will provide the following basic infrastructure in all labs. Any shortfall can be brought

to the attention of OLSEH at safety.olseh@iisc.ac.in

Fire Safety Alarms, hooters, and fire extinguishers in all labs. If mandated by NBC,
sprinklers and hydrants also.

Emergency Documented emergency response plan with an Emergency Response
Plan Team run by the Security Office (ERT).
Signage Exit signs, fire exit doors, and assembly points.

Hazardous Waste Hazardous waste collection service for segregated waste at regular
Collection intervals. Limited centralised storage capacity for waste chemicals.

Eyewash and For hazardous chemicals: safety shower and eyewash station
Safety Shower (ANSI Z358.1 standard; within 10 seconds or 55 feet from work area).

Transport Ramp and/or service elevator for heavy goods, chemicals, or cryogenic
Infrastructure liquids (on request per building).

Regulatory Compliance with KSPCB, AERB, and other applicable regulatory
Compliance requirements.

EHS Officers Qualified EHS officers with domain knowledge. They conduct audits,

send reports, and provide training.

Radioactive AERB-approved Radiation Safety Officer (RSO). Provision of TLD
Safety badges.
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2.3.2 Maintained by PI or Department

Principal Investigators (PlIs) or departments must maintain the following infrastructure,
using project or departmental funds:

Orientation Documented safety orientation for new users; SOP for each
and SOPs hazardous equipment.
Lab Hazard sheet posted outside each lab.

Identification

Lifts and Working service lift (mandatory if: building = 4 floors;
Transport or building = 2 floors with compressed gas cylinders or
hazardous chemicals).

Personal PPE for all hazards in the lab as per regulations.
Protective See Chapter 3.
Equipment (PPE)

First Aid First aid box (as per standard). Calcium gluconate if

hydrofluoric acid is present.

Access Control Controlled lab access (biometric or physical lock & key).

Emergency Power Emergency light with battery backup or central UPS.

Electrical Safety  Circuit breakers with suitable ratings. Power disconnection
must be allowed without entering the lab.

Chemical Storage Hazardous chemicals must be segregated and stored
in fire-rated chemical cabinets (= 30 minutes) or in a
segregated area outside the main building.

Gas Storage and  Hazardous gases (NFPA > 2) must be stored in gas

Alarms cabinets. Labs with hazardous gases must have interlinked
gas alarms.

SCBA Departments handling hazardous gases (NFPA > 2) must
have at least one Self-Contained Breathing Apparatus
(SCBA).

BSL-3 Labs Hazard suits are stored outside the labs for rapid access by

first responders during emergencies.



2.4

Safety Test

Safety policy requires that all lab users be trained in
safety. Knowledge about general safety is mandatory
for all, irrespective of the kind of work.

Special hazards like chemicals, compressed gas, la-
sers, bio-hazards, high-voltage, or radioactive materi-
als need special training. OLSEH conducts an online
test. Users are required to pass these tests.

24.1
a. The General Safety Test is mandatory for:
+  Students (UG, Masters, PhD)
+ Interns (short-term or long-term)

Eligibility and Requirement

+  Technical staff (permanent or contract, if they
use the lab)

+  Project staff (if they require lab access or work
inside the lab)

b. Specialised chemical, biological, electrical, laser,
radiation, and gas & cryo safety tests are manda-
tory for labs that house the respective hazards.
For example, if you work in a lab with radioactive
and biological hazards, you must take the bio and
radiation safety test, even if you are not directly us-
ing the hazards.

+  The Dean has made the Biological Safety test
mandatory for everyone in the Bio Division.

c. Exemptions: Faculty/PI, housekeeping staff, secu-
rity personnel, administrative staff, and personal
assistants/secretaries are not required to take the
test.

2.4.2 Validity

The scorecard is valid for one year from the date of
passing the exam. Users must pass the test again
thereafter.

OLSEH, Indian Institute of Science

Fig2.1

General safety test is mandatory for all lab users

2.4.3 Passing marks:
21 out of 25 in each module

2.4.4 Verification:

a. A mail proof or a screenshot of the scorecard is
sufficient for verification.

b. Automated emails with scorecards are sent only
from the following addresses:
+ Aasindia-test-submit-2-donotreply@aon.com
+ safety.olseh@iisc.ac.in

2.4.5 Access Control:

Users without a valid pass certificate must not be al-
lowed inside laboratories. The PI (or lab in-charge) is
responsible for preventing unauthorised access.

2.4.6 Test Access:
The Online Safety Test can be accessed at

%5%F https://olseh.iisc.ac.in/assessment/module.

All newly joined students and staff should complete
the test before being granted lab access. OLSEH
monitors participation through internal data. Depart-
ments may contact OLSEH for assistance in case of
technical or procedural difficulties.

1"
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2.5

Lab Audits

The IISc Safety Policy mandates regular labora-
tory audits to ensure a safe working environment
and compliance with institutional, national, and
international safety standards.

2.5.1
a. Each PI or lab-in-charge is encouraged to
conduct at least one audit annually, using the

Internal Audits:

safety checklist provided in the Appendix.
b. Department Safety Champions should verify
internal audits.

2.5.2 OLSEH Audits:

a. OLSEH EHS Officers will conduct periodic audits,

typically every 6 months.

b. Specialised or high-risk labs (chemicals, biolog-
icals, radiation, or high-voltage hazards) are au-
dited more frequently, typically every 3 months.

c. The Safety Committee may change the sched-

ule.
d. Unscheduled spot audits may be conducted.
e. OLSEH audits are not announced in advance.

a. Audit Process

« EHS Officers (internal auditors) inspect the

lab against the audit checklist.

+ Findings are documented and shared with
the PI, Department Safety Champion, and

Department Office.

«  The Pl must implement corrective measures

within the timeline specified in the report.
+  OLSEH may revisit to confirm compliance.

Fig2.2

Safety officer interacting with lab users

Consequences of Non-Compliance

The OLSEH audit report is considered a
“White” notice. Safety in-charges are expect-
ed to fix the issues promptly.

Repeated violations or failure to act on the
audit report will attract the more severe “Yel-
low” notice. Yellow notices are escalated to
the Department Chair. Yellow notices have a
time limit of seven days.

Further violations or failure to act on the
Yellow notice will invite a “Red” notice. Red
notice is a formal order for the Department
to shut down the lab. Users must not be al-
lowed to work until the Red notice is lifted.
In cases of severe negligence or imminent
danger, OLSEH can directly issue Yellow or
Red notices.
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2.6

General Laboratory
Practices

Safety orientation must be provided to all new
lab users. The orientation program must be doc-
umented.

Please read the labels, material safety data
sheets (MSDS), and user manuals before using
unfamiliar materials or equipment. If in doubt,
consult the safety in charge or OLSEH.

All known and anticipated hazards must be con-
sidered for planning experiments.

Users must be trained for any hazardous equip-
ment or process.

Retraining of existing users is mandatory, espe-
cially if new hazards are introduced into a lab,
e.g., new substances, processes, or equipment.
All hazardous equipment or processes must
have a documented “Standard Operating Proce-
dure” or SOP. Consult the Safety In-charges be-
fore deviating from SOP.

Only proper equipment, in good condition, should
be used.

Don't do “jugaad”. For example, anything that
is not a ladder should not be used as a ladder,
including boxes, chairs, cartons, shelves, chairs

DO NOT STORE
FOOD / DRINKS
IN THIS
REFRIGERATOR

Fig2.3  Notice must be posted on the refrigerator at eye level

with wheels, etc.

Emergency equipment (e.g., fire extinguishers,
emergency eyewash/shower units, etc.) should
be unobstructed, clearly visible, and in working
condition.

Spills must be attended to immediately and safe-
ly.

Eating, drinking, or applying cosmetics near haz-
ards is not permitted. No food/drink should be
allowed inside the lab.

Food and drinks must not be stored with hazard-
ous materials. Refrigerators storing dangerous
materials should have a label saying, “No food or
drinks”.

. All laboratories must display the Laboratory

Hazard Sheet (see Appendix) on the front door.
To ensure the sheet is current, the laboratory in
charge must sign and date it. The sheet should
be posted at eye level on or near the door. The
Hazard Sheet must be prepared according to the
laboratory’s safety plan. It must be reviewed and
updated every six months. The sheet must be

updated immediately if there are any changes in

Fig24  Always maintain a buddy system in the lab
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2.6.1
a.

the laboratory setup, processes, or hazards in the
interim.

All labs should maintain a working landline near
the door.

All labs must maintain a list of emergency con-
tact numbers near the phone and one near the
exit door at eye level. The emergency list should
include cell phone numbers of the faculty, the lab
in charge, and other regular lab users. The emer-
gency list should also include the number of 1ISc
health centres, campus security, local police, and
fire stations.

Follow a “Buddy system.” Never work alone in a
lab, especially at night and on weekends. A “Bud-
dy” is a fellow lab user who will be able to notice
if you are in any distress. Friends on cell phones,
in offices, or in hostels don't count.

Personal Care

Remove PPE before you leave the laboratory to
prevent contamination.

You can retain the gloves and eyewear while
transporting hazardous materials. However, don't
use general-use elevators. Dirty gloves can con-
taminate buttons and other high-touch surfaces.
Only service elevators or stairs can be used to
transport hazardous materials.

Maintain personal cleanliness so that hazards
don't affect you outside the lab. Always wash
your hands, forearms, and face with soap and
water after work, even if you wore PPE.

Confine long hair and loose clothing to keep
them from catching fire, dipping into chemicals,
or snagging in machinery.

Avoid wearing jewellery, which can reflect laser
light or become entangled in equipment.

Avoid wristbands, rakhi, rings, wristwatches, and
other ornaments. These may contaminate, react
with chemicals, or snag in moving parts.

Keep fingernails short and avoid using nail polish,
as chemicals may adhere to or react with them.
Avoid contact lenses near chemicals, biologicals,
or fume hazards.

Do not apply cosmetics, lotions, or contact lens-
es inside the laboratory, as they may increase the

2.6.2
a.

Fig2.5

risk of chemical absorption or injury.

Do not eat, drink, chew gum, or smoke in the lab-
oratory to prevent accidental ingestion of hazard-
ous substances.

Store personal items (bags, water bottles, mobile
phones, etc.) outside the laboratory.

In case of contamination on clothing or skin, re-
move the contaminated clothing immediately
and follow emergency washing procedures.

. Use lab-designated footwear that fully covers the

feet; avoid sandals, slippers, or open-toed shoes.

Good Housekeeping
Work areas must be uncluttered. Please clean
them at the end of each workday, especially for

hazardous materials and equipment.

Keep passageways free of obstructions

b

Floors must be free from tripping, slipping, and
falling hazards (e.g., cords, cables, wires, equip-
ment, and tools).

Hallways and stairways are not storage areas.
Corridors must be compliant with building codes.
Workbenches and shelves cannot be overloaded
with equipment, chemicals, etc.

Labs need at least 2 feet of unobstructed space
towards the emergency exits.

The housekeeping staff cannot handle any chem-
ical-related spillage or hazardous materials.

The housekeeping staff are clearly instructed be-
fore cleaning the lab in any needed cases.



2.7

Guidelines for Safe Handling of
Glassware and Tubing Connections

2.7.1

Hand Protection During Glassware

Handling

a.

2.7.2

When working with weak or cracked glass joints
on a Schlenk line, thick cut-resistant gloves
are advised to avoid cut injuries. This is in addi-
tion to the standard PPE necessary as per the
chemical classification of the Schlenk Line

Safe Tubing Connection and Softening

Practices

a.

Excessive pushing, pulling, or twisting force on

narrow glass necks, hose connections, or glass

adapters must be avoided.

Rigid or semi-rigid tubing should be softened or

eased before insertion or removal to reduce me-

chanical stress on glass components.

Softening and easing may be carried out by:

+ Gentle heating using a hot-air gun or heat
blower

+ Use a hot-air gun only; open flames are strict-
ly prohibited.

+ Maintain a distance of 10-15 cm, keeping
the heat source continuously moving.

+ Heat only the junction area, not the entire tub-
ing length.

+ Stop heating as soon as the tubing be-
comes slightly flexible.

+ Insert or removeimmediately and allow
to cool naturally.

+ Avoid overheating and never heat near flam-
mable gases or solvents.

Other methods are

+ Dipping the tubing end in hot water, where
compatible with the tubing material.

+  Use of a suitable compatible solvent (e.g.,

2.7.3
a.

Fig2.6

OLSEH, Indian Institute of Science | 15

Safe handling of glassware

DCM), only when chemically safe and risk-as-
sessed.

« Light lubrication of the joint using a small
amount of suitable lubricant (e.g., silicone
grease) applied to the tubing end or glass
joint. Excess lubricant must be avoided, par-
ticularly in vacuum, gas, or analytical systems

+  These measures significantly reduce the
force required and minimise the risk of glass
breakage and personal injury.

Inspection Before Operation

All glassware, especially customised or vacuum
glass components, must be visually inspected
before use.

Glassware showing cracks, chips, scratches, or
stress marks must not be used and should be re-
moved from service.
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2.8

First Aid Kit

OLSEH guidelines for first aid kits are based on
OSHA's standards.
First aid kits must be easily accessible. The kit
handle should be no more than 48 inches from
the ground.
The kit must be legibly marked as ‘First-Aid Kit', in
letters not less than 20 mm in height.
Minimum contents are:
Bandages and Wound Care
+  Assorted band-aids - Gauze pads (assorted
sizes, at least 4x4 in) - Gauze roll (at least 2
inches wide) - Medical tape (for securing ban-
dages)
Wound Cleaning and Disinfecting
Antiseptic wipes - Any safe disinfectant
+ Blister and Burn Care
Burn cream
General Medical
+  Medical gloves (latex or nitrile) - First aid
manual - Scissors - Tweezers - Thermometer
(oral or digital) - ORS (oral rehydration solu-
tion) - Mild soap
Eye wash solution - Eye drops
The first-aid kits must be designed per the lab’s
hazard profile. Mandatory extra items for the lab
with specific hazards are:
Chemical Labs may need ointment with neu-
tralising agents, e.g., calcium gluconate for
HF.
Biological Lab may need antiseptic lotions/
creams.
Consider designating a person responsible for
maintaining the first aid kit.
Regularly inspect the first aid kit and remove ex-
pired items.

Fig2.7

First aid needs to be easily accessible

h. Restock the kit as needed.

Lab users must be trained in basic first aid. OL-
SEH conducts monthly trainings.

In case of a serious injury (secondary, direct, in-
direct, and chronic injury) or illness, always call
the IISc Health Centre or seek immediate medical
attention.



CHAPTER 3

Personal
Protective

](EIPuni ment

Protective clothing and equip-
ment (PPE) protect against lab-
oratory hazards. In terms of
cost-benefit ratio, PPE is your
best defense against laboratory
hazards. Lab users are expected
to wear proper protective gear if
they are working with any of the
following hazards:

1. Chemical and Gas: Chemicals
or gases with an NFPA rating
of 1 or above.

2. Radiation: Lasers above Class
II, exposed X-rays, or radioac-
tive materials.

3. Electrical: = High  Voltage
(above 50 volts AC or 120 volts
DC) or high-power equipment
(typically above 1 kilowatt).

4. Biological: Infectious mole-
cules/ organisms, blood sam-
ples, etc.

5. Mechanical hazards, such as
machining workshops with
turning, milling, drilling
equipment, power tools, spin-
ning loads, equipment at high
pressure, etc.

6. Cryogen: Low-temperature
fluids.

OLSEH, Indian Institute of Science

3.1

Description
of PPE

3.1.1 Eyes

a.

Understand the difference between safety glass-
es, chemical splash goggles, and face shields. The
first is for mechanical hazards, and the second is
for splash/spill hazards that need 360-degree pro-
tection. The third is for extra safety while handling
bigger hazards, such as large volumes of liquids,
cryogens, and pressurized gases.

Eyes are easily injured, so in the vicinity of sharp
objects, rapidly moving machines, hot material,
or flying particles, safety glasses must be worn.
It is strongly recommended that safety glasses be
worn in all labs at all times.

Eyes are covered with capillaries, so they quickly
absorb harmful chemicals. Splash goggles must
be worn when there is a danger of splashing
chemicals or cryogens.

Prescription spectacles do not provide protection.
Please wear safety glasses/splash goggles over
the prescription glasses.

Safety Glasses Splash Glasses Face Shield

Fig 3.1 Different types of glasses

17
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3.1.2 Face & Head

a.

When working with large amounts of chemicals,
e.g., 4-litre bottles, or in the vicinity of explosive/
implosive hazards, e.g., vacuum systems with
glass jars, a face shield in addition to safety or
splash goggles is recommended.

Safety helmets protect from falling objects, falls,
and overhead bumps. Use safety helmets, hard
hats, and bump caps if the lab has heavy over-
head storage, overhead equipment that can fall,
moving machinery, sharp edges, structures near
or above head-height, and overhead electrical
hazards.

3.1.3 Hands

a.

Gloves prevent contact with toxic or biological
agents, hot or extremely cold surfaces, corro-
sives, and sharp objects. Appropriate gloves
need to be worn when handling hazardous mate-
rials or chemicals in a laboratory.

Safety gloves are available for all hazards. Select
the correct glove for the hazard in question.
Ensure that there is no gap between the end of
the lab coat sleeve and the glove.

Chemicals will eventually penetrate all materials.
Change gloves periodically to minimize penetra-
tion.

Wash your hands after leaving the lab, even if
you were wearing gloves. Long-term exposure to
even minuscule amounts of toxins can have very
adverse effects. Chronic exposure is very hard to
diagnose or detect. Prevention is the only option.

3.1.4 Body & Feet

a.

Cover your skin and wear full-length trousers,
salwar, etc. No shorts are allowed while working
in hazardous laboratories.

Avoid synthetic fabrics that may melt when ex-
posed to heat or any chemicals.

Aprons or laboratory coats must be worn, espe-
cially when handling chemicals.

Always wear a flame-resistant, chemical-resis-
tant lab coat or apron to protect against chemi-
cal splashes, heat, or biological agents.

Use chemical-resistant gowns or disposable

coveralls when handling corrosives, infectious
agents, or radioactive substances.

Wear hard-toe, good-fit shoes in labs to protect
your feet. No slippers, sandals, or high heels. No
one should be barefoot.

Separate footwear for the lab is useful to pre-
vent dust and cross-contamination.

Wear shoes with slip-resistant soles on wet or
chemical-spilled floors.

Wear reinforced safety shoes in areas with heavy
equipment, glassware, or cryogenic liquids.
Remove protective clothing immediately after
leaving the lab to avoid spreading contamina-
tion.

Thin Nitirile Gloves

Good chemical resistance
Excellent dexterity
Disposable

4-8 mil thickness

For lab work & medical use

Thick Nitrile Gloves

Superior chemical protection
Increased durability
Reusable

8-15 mil thickness

For hazardous chemicals

Heat Resistant Silicone

Heat protection up 500°F
Non-slip grip

Waterproof

For hot equipment handling

Cryo Gloves

e Protection at temperature as
lower -196°C (-320°F)

e Multi-layer insulation

e Extended cuff

«  For liquid nitrogen handling

Fig3.2 Different types of gloves




3.1.5 Masks & Breathing Apparatus

a.

Masks & breathing apparatus protect laboratory users
from toxic gases, chemical vapors, harmful dust, fumes,
and oxygen-deficient atmospheres. Appropriate breath-
ing apparatus must be used whenever there is a chance
of inhaling hazardous chemicals, gases, or aerosols.
Masks & breathing apparatus are of various types with
varying levels of protection, e.g., N95 masks, Air-Purify-
ing Respirators (APRs), Powered Air-Purifying Respirators
(PAPRs), Supplied-Air Respirators (SARs), and Self-Con-
tained Breathing Apparatus (SCBA). To choose an appro-
priate respirator, follow the table below.

Inspect the breathing apparatus before using, ensure the
correct fit and seal.

Air-Purifying Respirators (APRs), Powered Air-Purifying
Respirators (PAPRs), Supplied-Air Respirators (SARs),
and Self-Contained Breathing Apparatus (SCBA) need
maintenance, like regular cleaning, inspection, timely
replacement of filters or cylinders, correct storage, and
record-keeping.

Supplied-Air Respirators (SARs) and Self-Contained
Breathing Apparatus (SCBA) require training. Contact
OLSEH.

Table No. 3.1 Types of respirators

Type of Respirator Protection Level  Typical Use Case /

Hazard
N95 Mask Particulate filtration  Dust, non-oil aerosols, mild
295% airborne contaminants
Air-Purifying Depends on cartridge Solvent vapours, fumes, and
Respirator (APR) type (particulate, dusts in the lab
gas, vapor)
Powered Air- High-efficiency High dust loads, chemical
Purifying Respirator particulate + gas/ fume labs, and extended
(PAPR) vapor filters operations
Supplied-Air Continuous fresh air  Confined spaces, chemical
Respirator (SAR) supply handling with high vapor
concentrations
Self-Contained Independent air Oxygen-deficient
Breathing Apparatus supply environments, highly toxic
(scBA) chemicals, and emergency

response

OLSEH, Indian Institute of Science

Fig3.3  Different types of masks and breathing apparatus

Key Considerations

Disposable; suitable for short-term exposure;
does not protect against gases or oxygen-
deficient environments

Must select the correct cartridge; not suitable in
oxygen-deficient atmospheres; limited duration
based on cartridge capacity

A battery-powered fan provides airflow; it
is more comfortable for long use, but it still
requires a correct cartridge for specific hazards

Requires an air supply hose; safer in extended
high-hazard conditions; mobility is limited by
hose length

Heavy, limited duration (usually 30-60 min);
suitable for rescue or spill response; full PPE
integration needed

19
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3.1.6 Ears

a.

Ear protection prevents hearing loss caused by
continuous exposure to loud noise from centri-
fuges, compressors, vacuum pumps, alarms,
high-frequency equipment, and accidental explo-
sions.

Common ear protection includes disposable ear-
plugs, reusable earplugs, earmuffs, and electron-
ic noise-cancelling earmuffs used in high-noise
laboratory areas. Disposable earplugs have an
NRR of 25-35 dB and are suitable for noise levels
of 85-95 dB(A). Reusable earplugs have an NRR
of 20-30 dB, useful for continuous noise between
90-100 dB(A). Earmuffs provide an NRR of 25-35
dB and are recommended for high-noise areas
like compressor or centrifuge rooms with 100-
110 dB(A) sound levels. Electronic noise-can-
celling earmuffs offer up to 20-30 dB protection
and are ideal for variable or sudden loud noises
above 95 dB(A). Choose ear protection based on
noise level, comfort, duration of exposure, and
compatibility with other required laboratory safe-
ty equipment.

Insert earplugs properly, ensure earmuffs form a
tight seal, and avoid removing protection while in-
side noisy laboratory environments.
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3.2

Minimum
PPE

The “minimum” PPE must be worn at all times in all d. Close-toed shoes: Laboratory footwear should
hazardous labs. fully cover the feet. No sandals or flip-flops. The
common practice of removing footwear outside
a. Eyes: Safety Glasses the lab is not allowed. If dirt is a concern, please
b. Hands: Disposable thin-nitrile gloves. Avoid latex provide in-lab footwear (closed toe).
since it is permeable and can cause allergic re- e. Tied hair: No loose long hair. All long beards and
actions. hair should be properly tied or covered.

c. Body: Long pants or equivalent leg covering (no
shorts). Synthetic clothing is not allowed when
working with any fire hazards.

Face Shield

+ Safety Goggles or Glasses

+ Lab Coat or Long Sleeves

quq Apron
Minimum

Big
Hazards

Gloves

+ Long Pants

Full Toed Shoes Chemical
Resistant

Shoes

Fig34  Minimum PPE vs. PPE for big hazards
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3.3

Additional PPE

Additional PPE will be needed for specialized laboratories.

A concise list of common use cases is given below. A larg-

er table is provided in the Appendix. When in doubt, talk to

an authority. Always err on the side of more PPE!

These are additional PPE, needed over all the above the

minimum PPE.

a.

d.

Proper ventilation is directly linked to the effective-
ness of PPE. Respirators, masks, and other protective
gear can only provide adequate safety if background
solvent or vapour levels are kept within safe limits,
which requires fume hoods or local exhaust systems.
In poorly ventilated labs, heat stress also discourag-
es continuous use of gloves, coats, and face shields.
Therefore, PPE requirements must be coupled with
minimum ventilation standards: ensure adequate
air changes per hour (at least 6-12 air changes per
hour (ACH)), use fume hoods or portable extractors
for chemical work, schedule hazardous tasks only in
ventilated spaces, and suspend all chemical handling
if ventilation fails. This ensures PPE functions as in-
tended as the last line of defence, not the only one.

PPE is a consumable. Please replace it when it is
worn out or torn.

Laboratories with hazardous chemicals must stock
PPE appropriate for the type and quantity of chemi-

cal during both handling and storage.

The PPE must be within easy access of users.

3.3.1 General Hazards
Task Potential
Consequence
Exposed to Skin damage
pressures >2  Eye damage

bar or a vacuum Implosion
of

<400 mm of Hg.

Working with  Burns

high Fire
temperatures  Splash
Working with  Frostbite
inert cryogens  Eye damage
(He, N2, etc.)  Hypoxiain

confined spaces

Working at Fall and
elevation subsequent
injury
High-speed Entangled hair.
machinery Flying scrap or

particles

Additional PPE

Face: Face shield if
no other implosion/
explosion barrier
exists.

Hands: Gloves
suitable for the
temperature.
Body: Lab coat
or apron suitable
for the working
temperature

For < 10Liters

Body: Lab coat or
apron

Eyes: Safety goggles
Hands: Inner
disposable nitrile
gloves + outer
insulated cryogenic
gloves

Height < 3m

Use ladders with a
stable base. Ad hoc
platforms, stools,
and chairs are not
allowed

Tie long hair in a bun
or use a hairnet.
Hard-toed safety
shoes

Eyes: Safety glasses



3.3.2

Chemical Hazards

Category

Low hazard solids, e.g., zinc
powder, Ca metal, magnesium
hydroxide.

Moderate hazard solids,
e.g., sulphur, magnesium &
naphthalene.

High hazard solids, e.g., sodium
metal, potassium metal, & white
phosphorus

Solids that are fine powders,
like silica dust, carbon black,
dry nanoparticles, & alumina
polishing powder

Low hazard liquids in small
quantities, e.g., acetic acid &
ethylene glycol.

Low hazard liquids, e.g., acetic
acid & ethylene glycol.

Moderate hazard liquids in small
quantities, e.g., most alcohols
(ethanol, isopropanol, methanol),
acetone, xylene, chloroform, THF
& DMF

Moderate hazard liquids,

e.g., most alcohols (ethanol,
isopropanol, methanol), acetone,
xylene, chloroform, THF & DMF

Maximum
Limits in a
quadrant

Particle size

v
@ =
T
3

Particle size

v
@ =
=
3

Particle size
>10 ym

£ 4

Particle size
<10 ym

£ 4

Quantity < 100 ml

@

Quantity > 100 ml

@

Quantity < 100 ml

®

100 ml < Quantity
<4 litres

®

Hazard

B ON =

. Eye damage
. Skin exposure

. Eye damage
. Skin exposure
. Fire

. Eye damage

. Skin exposure

. Explosible

. Spontaneous
fire

. Inhalation
. Explosible

. Eye damage
. Skin exposure

. Eye damage
. Skin exposure
. Splash

. Skin damage
. Eye damage
. Fire

. Skin damage
. Eye damage
. Fire,

. Splash
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Additional PPE
(excluding minimum PPE)

1. Minimum PPE only
2. Fine particles of <10 pym are to be handled
separately.

1. Eyes: Safety goggles
2. Body: Chemical-resistant apron or lab coat.

1. Eyes: Safety goggles

2. Face: Face shield

3. Hands: Chemical-resistant gloves (thick) as
a second layer

4. Body: Chemical-resistant apron

5. Control: Use in a fume hood

In addition to PPE specified for larger particle

size,

1. Face: Suitable face mask or respirator

2. Control: Use in a fume hood only if the dust
is explosive.

Minimum PPE only

It is not applicable if the liquid is absorbed
through the skin, is a long-term toxin
(carcinogen, mutagen, teratogen), or is a
nanoparticle solution.

1. Eyes: Safety goggles
2. Hands: A second layer of thin nitrile gloves.
3. Body: Chemical-resistant apron or lab coat.

1. Body: Chemical-resistant apron or lab coat.
2. Control: Ventilated area

1. Eyes: Safety goggles

2. Hands: A second layer of thin nitrile gloves
is needed for permeating solvents (e.g.,
DMF, chloroform, THF) or prolonged
contact.

. Body: Chemical-resistant apron or lab coat.

. Control: Use in a fume hood

B w
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3.3.2

10

1

12

13

14

15

Chemical Hazards (continued)
Category Maximum
Limits in a
quadrant

High hazard liquids, e.g.,
sulphuric acid, nitric acid, alkali
hydroxides, & formaldehyde

Any hazardous liquid in large
quantities

Acutely toxic chemicals, e.g., hy-

drogen fluoride, hydrazine, hydro-

gen cyanide, chlorosulfonic acid,
hydrogen sulphide at high
concentration, phenol at high
concentrations, nickel carbonyl &
dimethylmercury

Special toxin that is absorbed
through the skin, a long-term
toxin (carcinogen, mutagen,
teratogen), or a nanoparticle
solution. E.g., benzene,
hexavalent Cr, ethidium bromide,
DMSO, carbon tetrachloride,
cadmium, lead, or mercury

Highly flammable chemicals,
e.qg., diethyl ether, acetaldehyde,
Ethylene oxide, vinyl chloride &
isopropyl ether

Explosive chemicals, e.g., azides,
hydrogen peroxide (>52%), picric

acid, compressed ozone, fluorine
gas, nitroglycerin, diazomethane

& tetranitromethane

Radioactive chemicals

Quantity < 4 litres

2

Quantity > 4 litres

P> >d P

Hazard

LW -

. Eye damage
. Skin damage
. Splash

. Inhalation

. Splash
. Ingestion

. Eye damage
. Skin

penetration

. Inhalation
. Systemic

toxicity

. Lethal in small

doses

. Eye damage
. Skin

penetration

. Inhalation
. Systemic

toxicity

. Explosible
. Spontaneous

fire

. Flying debris

. Explosible
. Spontaneous

fire

. Flying debris

. Radiation
. Systemic

toxicity

Additional PPE
(excluding minimum PPE)

1. Eyes: Safety goggles

2. Hands: Chemical-resistant gloves (thick) as
a second glove

3. Body: Chemical-resistant apron or lab coat

4. Control: Use in a fume hood. If a fume hood
is not available, then a chemical-resistant
apron is mandatory.

In addition to the PPE specified for liquids

1. Eyes: Safety goggles

2. Face: Face shield with mask. Replace with a
respirator if fumes are very noxious.

3. Hands: Chemical-resistant gloves (thick) as
a second layer

4. Body: Chemical-resistant apron

Work inside a glove box

OR

1. Eyes: Safety goggles

2. Face: Face shield. Suitable face mask if the
material is noxious.

3. Hands: Two layers of appropriate gloves.
Special gloves designed for that specific
hazard are highly recommended.

4. Body: Chemical-resistant apron.

5. Control: Use in a well-ventilated fume hood
or glove box with tight engineering control

Work inside a glove box

OR

1. Eyes: Safety goggles

2. Hands: Two layers of appropriate
resistant gloves

3. Body: Chemical-resistant apron

4. Control: Use in a well-ventilated fume hood
or glove box with tight engineering control

Talk to OLSEH. Need special permission and
protocols. OLSEH inspection is mandatory.

Talk to OLSEH. Need special permission and
protocols. OLSEH inspection is mandatory.

Talk to OLSEH. Need AERB special permission
and protocols. OLSEH inspection is
mandatory.



3.3.3 Biohazards

2a

2b

2c

Level & Task

BSL1

Handling clinical, animal,
or biological samples
that are not known to
consistently cause disease
in healthy adults, but
can cause infection in
immunocompromised
adults, and pose minimal
risk to personnel

and the environment.

BSL 2

Handling or preserving
animal or human
specimens preserved in
fixative (such as formalin or
Paraformaldehyde solution)

BSL 2

Working with radioactive

human blood, body fluids,
or bloodborne pathogens
(BBP)

BSL 2

Manipulation of
recombinant DNA, cell
lines, venoms, and acute
biological toxins., DNA,
RNA, viruses, bacteria, or
other organisms classified
as Risk Group 2 and
requiring Biosafety Cabinet
class 2(A2, B1, or B2) to
perform aerosol-generating
procedures: Vortex,
sonicate, pipette, tissue
harvest.

Potential
Consequence

Accidental exposure
or contamination to
infectious material/
particles

1. Exposure to
fixative is used
to preserve the
specimen.

2. If tissue is fixed,
there is no
longer exposure
to infectious
material.

1. Exposure to
infectious material

2. Cell damage

3. The potential
spread of
radioactive
contaminants.

Moderate potential
for infection by
injection (including
needle prick), skin
exposure, ingestion,
or inhalation.
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Additional PPE

1. Body: full sleeves, full-length lab coat or
disposable gown/apron

. Hand: An Impermeable glove that

is chemically resistant to fixative.

. Face: Face mask
. Lab coat or disposable gown

. Face: Face mask (N95 or triple-layer mask,

depending on the agent) + Face shield

. Body: Lab coat or disposable gown
. Appropriate radiological PPE according to

the material being used.

. Face: Face mask (N95, N95 with

respirators, or triple-layer mask, depending
on the agent)

. Body: Lab coat or Disposable gown
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3.3.3 Biohazards (continued)

Level & Task

2d BSL2

Working with live animals,
e.g., mice, rats, chicken
eggs, rabbits, etc

BSL 2+

Working with infectious
bacterial, viral, or fungal
cultures.

OR

Handling human blood

or bodily fluids, which
have a higher risk than
BSL2 but a lower risk than
BSL3

BSL 3

Manipulation of Risk Group
3 infectious materials (se-
rious or potentially lethal
diseases)

requires Biosafety Lev-

el 3 (BSL-3) contain-

ment. E.g., pathogens like
tuberculosis or some en-
cephalitis viruses.

Potential
Consequence

1. Animal bites

2. Exposure to animal
allergens.

3. Exposure to
pathogens like
Staphylococcus,
Streptococcus,
Candida, etc.

1. Accidental infec-
tion or environ-
mental contami-
nation.

2. Direct exposure to
bloodborne patho-
gens (e.g., HIV,
Hepatitis), lead-
ing to infection.

Serious or lethal
potential for infection
via injection, skin
exposure, ingestion,
or inhalation.

Additional PPE

SOl WN =

WO N -

ol

HWON -

o O

. Eye: Safety goggles

. Hands: Restraints or bite-resistant gloves

. Face: N95 respirator.

. Head: Hair bonnet

. Body: full-cover lab coat or apron

. Foot: Safety shoe (bite-resistant and water-

resistant), shoe covers

. Eye: Safety goggles

. Hands: Nitrile gloves (double)

. Face: N95 + other (triple-layered mask)
. Head: Fluid-resistant head cover + Face

shield.

. Body: Full disposable coverall suit
. Foot: Shoe cover

. Eye: Safety goggles

. Hands: Nitrile gloves (double)

. Face: N95 or other triple-layered mask

. Head: Fluid-resistant head cover + Face

shield.

. Body: Full disposable coveralls
. Foot: Shoe cover
. With animals, use bite-resistant/scratch-

resistant gloves and body cover and water-
resistant shoes.
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3.3.4 Radiation Hazards

Hazard Potential Additional PPE

Consequence

Radiation-induced
cell damage

1  Sealed sources with low
dosage

1. TLD badges, if mandated by the RSO

Unsealed solid
radioactive materials or
waste.

Liquid radioactive
material or waste in
corrosive, flammable, or
aqueous media

OR

Radioactive powders

. Radiation-in-

duced cell dam-
age

. Potential spread

of radioactive ma-
terial

. Radiation-induced

cell damage

. Potential spread

of radioactive ma-
terial

. Chemical exposure

Radiation-induced
cell damage

Open-beam X-rays that
are not enclosed or inter-
locked inside the equipment

3.3.5 Lasers & Intense Light Sources

Task Potential Consequence

Open-beam laser of Class 3
or above, in a setup that is not
fully contained or interlocked.

1. Eye damage
2. Skin damage

Troubleshooting or maintenance 1. Eye damage
of a class 3 or above laser 2. Skin damage
system in a way that defeats the 3. Explosion of glass
interlock(s) or containment components

Working with intense light
sources, infrared-emitting
equipment, and UV sources
(<400 nm)

1. Eye damage
2. Skin-burn

1. Hands: Disposable nitrile or
other impermeable gloves (double)
2. Face: N95 mask
. Body: Lab coat or apron
4. TLD badges, if mandated by the RSO

w

1. Eyes: Safety goggles

2. Hands: Disposable nitrile or other
impermeable gloves (double)

3. Face: N95 mask

4. Body: Lab coat or apron

5. TLD badges, if mandated by the RSO

6. Additional PPE is required for liquid media.

Talk to OLSEH. Special permission and
protocols are required.

Additional PPE

1. Eye: Appropriate laser safety goggles/glasses with
optical density based on individual beam parameters.

2. Skin: Fully covered arms and feet. Flame-resistant
clothing. Avoid synthetics.

3. Avoid reflective jewellery.

4. Foot - Closed Toe Shoes

1. Eye: Appropriate laser safety goggles/glasses with
optical density based on individual beam parameters.

2. Skin: Fully covered arms and feet. Flame-resistant
clothing. Avoid synthetics.

3. Hands: Electrically insulated gloves

4. Avoid reflective jewellery.

This is a specialised activity. The PPE above assumes the

personnel are trained.

1. Eye: Appropriate laser safety goggles/glasses with
optical density based on individual beam parameters.

2. Skin: Fully covered arms and feet. Flame-resistant
clothing. Avoid synthetics.

3. Hand: Protective Gloves
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3.3.6 Compressed Gas Cylinders & Cryogens

Task Potential Additional PPE
Consequence
Transport or handling of 1. Loss of 1 Hand: Wear mechanically resistant gloves when

inert gas cylinders (NFPA

containment due

handling cylinders.

704 rating of <2 in all to a fall or damage 2. Foot: Closed-toed shoes
guadrants) to the valve 3. Use a cylinder cart. No rolling.
Transport or handling of 1. Loss of 1. Skin: Flame-resistant antistatic safety clothing.
flammable gases with an containment due 2. Hand: Wear mechanically resistant gloves when
NFPA 704 flammability to a fall or damage handling cylinders
rating of >3 & oxidizing gas to the valve 3. Foot: Closed-toed shoes.
cylinders 2. Fire or explosion 4. Use a cylinder cart. No rolling.

due to a sudden 5. Use non-arcing tools

release 6. Discharge static electricity by touching grounded

metal surface

Transport or handling of 1. Loss of 1. Respiratory protection: Toxic gas mask or self-
toxic gases with an NFPA containment due contained breathing apparatus
704 health rating of >3 to a fall or damage 2. Hand: Wear mechanically resistant gloves when

to the valve handling cylinders

2. Release of 3. Foot: Closed-toed shoes.
inhalable toxins 4. Use a cylinder cart. No rolling.
5. Use fixed or portable gas detectors to monitor the
cylinder.
Transport or handling 1. Frost bite/ cold 1. Hand: Cryogenic gloves
cryogenic liquids burn 2. Eye/ Face: Face shield/ Safety glass
2. Splash injury 3. Body: Cryogenic resistant apron/ lab coat
4. Foot: Closed toe shoes

3.3.7 Electrical Hazards

Task

Maintenance & repair of

electrically powered equipment

Potential Consequence Additional PPE

. Electrocution
2.

Electric shock

. Hands: Insulated electrical gloves.
. Foot: Electrical safety shoes.
. Work to be done by trained technicians ONLY.

Working with high voltage 1. Electrocution 1. Body: Arc flash clothing. Switching suits are available
(> 400 V) or electric panel 2. Arc flash from low-level to high-level protection.
inspection or trouble shooting 3. Burns 2. Electrical-rated gloves and steel-toe cap boots with
or near wet electrical 4. Electric shock rubber are designed for protection against high
environment voltage.

3. Electrical-rated safety helmet.

4. Remember to switch OFF the mains during work.

3 Working with battery charging 1. Acid splash/ explosion 1. Hands: Chemical resistant gloves
systems or power supply units 2. Electric shock 2. Eye/ Face: Face shield/ Safety glass
3. Body: Lab coat/ protective clothing



CHAPTER 4

Chemical
Safety

A wide variety of hazardous
chemicals are used in IISc.
Be vigilant!

OLSEH, Indian Institute of Science

4.1

Basics

The lab-in-charge must train all new users in
chemical safety. We recommend yearly refresh-
ers.

Become familiar with the location of fire extin-
guishers, spill kits, and first-aid boxes in your
area. Familiarise yourself with their use. All lab-
oratories with large amounts of chemicals must
have access to a spill kit.

Before using a material, a user must find a safe
way to store, handle, and dispose of the hazard-
ous chemical.

Material Safety Data Sheets (MSDSs) must be
reviewed for product-specific handling, storage,
and disposal of information for all chemicals
stored in a lab.

All researchers are responsible for educating
themselves about the hazards of chemicals in
their vicinity. The best way to do this is to read
MSDS.

All labs are expected to maintain a folder of
MSDSs for all chemicals in the lab. The fold-
er must be stored in a visible location near the
door. Online repositories are ok, provided they are
searchable on demand.

Before finishing, ensure that the work areas are
clean and that waste chemicals are properly
disposed of. Any unattended chemical must be
clearly labeled. There should also be a note with
the user’'s name, phone number, and expected re-
turn time.

Maintain the manufacturer’s label on chemical
bottles. If the contents are moved to a second-
ary container, attach the 11Sc chemical label (see
Appendix or download from the OLSEH website).
Chemicals must be used inside fume hoods.

29
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4.2
Do not open chemical bottles outside of fume

hoods. Details are below

j- Chemical waste should be segregated and la- PerSOIlal Pl‘OtECtiVG
belled using the lISc Waste Label. See the Appen- Equipment (PPE)

dix or download from the OLSEH website.

k. Limit the amount of chemicals in the lab. Buy a
moderate amount of chemicals that can be con-
sumed soon. Don't let chemical waste pile up.

I.  Don't mix incompatible chemicals. Specific com- Please refer to the PPE guideline in Chapter 3 for de-
positions, like organic solvents and acids, are ex- tailed instructions.
plosive.

m. Never add water to acid. Always add acid to wa-
ter.

n. If inorganic fluorides are in the lab, a 2.5% calci-
um gluconate ointment should be in the first-aid
box to treat burns.

0. Contact the trauma centre immediately if you
think you have been exposed.

p. Proper Handling of Glassware: All reaction ves-
sels must be securely clamped or supported
properly; unstable placement on the bench/
hood floor is strictly prohibited to prevent spills
or splashes. Always use appropriately sized sup-
port for reaction flasks. Teflon rings are suitable
for only up to 100 mL RB; larger flasks (=250 mL)
should be secured with proper clamps or proper-
ly sized rings, to prevent tipping and spills. Tissue
paper may be placed inside the ring to provide

additional stability for round-bottom flasks.

1R

> 2
X
:

Fig4.1  Labuser referring to a chemical's MSDS




4.3

Fume Hoods & Exhaust

a.

Fig4.2

Chemicals produce hazardous fumes. The best
way to handle this hazard is to evacuate the
fumes using a fume hood connected to an ex-
haust. Here, “fume hood” refers to all exhausted
enclosures, like chemical fume hoods, local ex-
haust ventilation (LEV), canopies, chemical glove
boxes, ventilated storage cabinets, exhausted

4.3.1
a.

OLSEH, Indian Institute of Science

Fume Hoods

Fume hoods are engineering controls that reduce
exposure to hazardous vapours. They consist of
a semi-enclosed area connected to an exhaust
to maintain a minimum air flow. This dynamic
barrier drastically reduces the fumes the user is
exposed to.

dustbins, etc. b. Fume hoods are primarily used for handling odor-
These guidelines do NOT apply to gas cabinets. ous or hazardous materials with minimal expo-
Refer to Gas Safety for gas cabinets. sure. A secondary objective is to protect the user
from spills by partially enclosing the work area.
==

Good Practices

e Sash lowered to

Bad Practices

« Sash all the way up

proper operating

e Fume hood used as

position

e Hood only used for
active experiment

e Hood should be

a storage

* Hood overflowing
with chemicals

e Poor airflow

sparse

e Head inside the

» Adequate airflow

hood

e Only hands should
go inside the hood

Good vs. bad fume hood practices

31
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C.

4.3.2
a.

The hood is connected to an exhaust blower with
ducts and dampers. Dampers and blowers need
to be serviced at least once a year.

Any experiments generating air contaminants
at or above the permissible exposure limit (refer
to MSDS) should be conducted inside the fume
hood.

Flow in a Fume Hood

The flow of a fluid is measured in terms of lin-
ear flow velocity, usually denoted in feet/min or
meters/hour. To calculate the exhaust capacity,
you must multiply the flow of velocity by the hood
area (in m2 or ft2) to calculate the cubic flow rate,
usually denoted in cubic-feet/min (CFM) or cu-
bic-meter/hour (CMH).

The hoods require a minimum face velocity of 30
m/min (i.e., 100 linear feet per minute) at normal
working conditions. Hoods for highly toxic ma-
terials (NFPA>2 in health or explosive category)
require higher face velocities (up to 45 m/min or
150 linear feet/min). Fume hoods should never
operate beyond 150 ft/min to prevent turbulence
that could expose the user to fumes.

Hoods have a sash that can be moved to change
the air flow. The “normal working height” of 100
LFM must be clearly marked. The minimum (mi-
nus 50 LFM) and maximum (plus 50 LFM) po-
sitions must also be marked. Mechanical stops
should be installed to prevent the sash from ex-
ceeding the minimum and maximum positions.
The fume hood is unusable if the flow is less than
75 LFM. Unusable hoods must be marked with
a “DANGER HOOD IS NOT WORKING! DO NOT
USE!" tag.

The face velocity of hoods must be measured us-
ing an anemometer.

Ideally, the anemometer must be permanently in-
stalled in hoods. Users are expected to check the
flow before starting work in a hood.

If an anemometer is not installed, the lab safe-
ty-in-charge must measure the flow in the hood
monthly using a portable anemometer. These

readings must be recorded in a log accessible to
all users and OLSEH officers.

EHS Officer or an authorized third party must as-
sess the operation of hoods once a year.

4.3.3 Operations

a.

Assess the hazards before beginning work on a
new material.

Use hoods with an adequate face velocity.

The user should always remain outside the hood.
Never put your head inside a hood to check on an
experiment.

Place the hood sash at the working height. Never
work with the sash in a fully open position. Place
the sash at the lowest position to conserve pow-
er when not used.

On hoods where sashes open horizontally, po-
sition one of the doors to act as a shield in the
event of an accident in the hood.

Avoid storing chemicals in the fume hood’s work-
ing area. This not only clutters the workplace but
also disturbs the flow.

Label all your samples appropriately before stor-
ing them in the fume hood; it will be important
for all the fume hood users to be aware of the
contents inside the hood.

Keep your work at least 6 inches from the hood
sash'’s plane of movement.

Clear at least 50% of the work area, so the flow is
not disturbed.

Any equipment that needs to remain in hoods
should be elevated on racks or feet to allow air-
flow underneath.

Do not block the baffles at the back of the hood.
These allow for the proper exhausting of contam-
inants from the hood.

Fume hoods shall not be near busy walkways or
air diffusers.

Minimize foot traffic in front of the hood.

If a reaction becomes uncontrollable, turn off the
heat, stop adding reagents, alert any nearby lab
personnel, and keep the chemical fume hood ful-
ly closed until the temperature goes down.



Fig4.3

Lab user working in fume hood

0. A fume hood is only the first line of defense

against accidents. The hood users should wear
safety goggles, lab coats, and appropriate chem-
ical gloves while working around the fume hood.
Empty bottles can be dried in the hoods. How-
ever, do not use the hood exhaust to evaporate
large amounts of volatile materials. Use normal
chemical waste disposal channels only.

4.3.4 Construction

a.

OLSEH recommends commercial hoods. Home-
built hoods are deprecated.

Hoods must be made of a material appropriate
for the hazard. Wood and particle board are not
allowed.

The hoods must have corrosion-proof fittings.
Hoods must have an inbuilt light.

The hood sash should have shatterproof or rein-
forced see-through glass/plexiglass.

Chemical cupboards should be so designed that
there is a strong upward draught even when the
shutter is open, and there is no chance of fumes
entering the laboratory. For extremely poisonous
vapours, it is advisable to have an air inlet at the
bottom for continuous air flow and evacuation.
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g. The hood shouldn’t be too deep to allow easy

access to the fittings inside, and controls for the
service connections should be placed outside.
The exterior/ interior walls, work surfaces, and
duct material of a fume hood must be chosen
based on the intended usage of the hood, e.g.,
PVC/FRP ducting is often used for corrosives.
The exhaust blower should be compatible with
the fumes created in the hood. It must be sized
appropriately (see the section on flow 4.3.2).
Ductless fume hoods that recirculate the exhaust
back into the laboratory do not replace fume
hoods, as they do not provide sufficient protec-
tion from hazardous vapours. Ductless hoods
are deprecated, even if they have active filters de-
signed for specific chemicals.

Similarly, elephant trunk systems or canopy
hoods are not substitutes for fume hoods, as
they only provide partial capture and do not en-
sure full protection. If used, they must be placed
within a few inches (typically 6—12 inches) of the
source and are suitable only for nuisance vapors,
moderate heat, or over columns/fractions—not
for toxic or highly volatile chemicals.
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4.4

Transport, Storage,
and Use of Chemicals

Don't carry chemical bottles in your hands. Trans-
port chemicals in bottle carriers, carts, buckets,
etc.

Store the four classes of chemicals separately,
i.e., acids, bases, solvents, and oxidizers. If there
is an issue of space, solvents and bases can be
stored together, and acids and peroxides can be
stored together. However, chemicals that can re-
act violently or emit hazardous fumes when mixed
should not be stored near each other. For example,
oxidizers and flammables must never be stored
together.

Some chemicals have expiry dates. Chemicals
stored beyond their shelf life are dangerous. For
example, ether, tetrahydrofuran, & dioxane form
explosive peroxides, which can detonate while
opening the bottle. All such chemicals must be la-
beled with the expiration date before being stored.
Flammable materials should be stored in chemi-
cal cabinets with a 30-minute fire rating and ex-
haust. Small quantities (< 100 ml) can be left on
benches, but only during use.

Corrosive materials should be stored in plastic or
epoxy-coated steel cabinets. The cabinets must
be connected to an exhaust. Corrosive chemicals
can also be stored in a drawer under the fume
hoods. If metal cabinets are used, the secondary
containment must be plastic. Metal cabinets must
be replaced if there are signs of corrosion.

All cabinets must be labeled by chemical class
(e.g., flammable liquids, acids, oxidizers) to ensure
chemicals are suitably segregated.

Acids, bases, and oxidizers must be stored inside

A
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Fig44B No food or drink on benches or in refrigerators used for chemical storage

cabinets with secondary containment (to contain
the spill in case the first container ruptures). Cor-
rosion-resistant plastic trays are a low-cost option
for secondary containment.

Large bottles and bottles containing toxic, flam-
mable, or corrosive liquids should be stored on
shelves below eye level (maximum 5 feet). Cor-
rosive materials can cause severe tissue damage
and are particularly injurious to the eye.

Volatile or unstable materials may be stored in



a flammable-rated refrigerator only in properly
sealed containers. Never store flammable sol-
vents (ether, benzene) in the fridge in open con-
tainers (beakers).

Food or drink should never be stored in a laborato-
ry refrigerator or freezer. A “No food/drink” notice
is required on all laboratory refrigerators.
Corrosive chemicals must not be stored in incom-
patible containers. For example, hydrofluoric acid
is incompatible with glass. Inorganic hydroxides
are best stored in polyethylene containers.

Never leave an unlabelled bottle of “something”
after finishing work. Everything should be labeled
with the Chemical label (See Appendix or OLSEH
website).

. All high-hazard chemicals must be used in the

fume hoods only. Hazard categories are defined
in the PPE section.
Glass syringes with metal Luer lock tips (1-50
mL) with longer needles offer a safer alternative
to disposable plastic syringes, particularly for haz-
ardous chemicals.

4.4.1 Volatile Solvents
a.

Highly volatile solvents, like Acetone and alcohols,
are often flammable with a low flash point. They
ignite even at low temperatures.

Flammable solvents must only be transported in
chemical buckets. A spill of a gallon bottle of Ace-
tone could cause a catastrophic fire or explosion.

Use
[:‘o Nok chemical
solvents bucket
by for
hand safe

transport

Fig4.5 Chemical bottle transport

OLSEH, Indian Institute of Science ‘ 35

c. Highly volatile solvents should only be used inside
fume hoods.

d. Never use volatile solvents near a hot plate. The hot
plates can ignite spilled solvent. The resulting fire
could easily be drawn into the exhaust ducts with
catastrophic consequences.

e. Solvents canreact explosively with oxidizing agents,
e.g., peroxides and nitric acid. Never mix them.

f. Spilled solvents should be contained immediately
with chemical spill kits. Seek help as required.

4.4.2 Chlorinated Solvents

a. Chlorinated solvents are particularly hazardous,
causing cancer and organ damage. Examples are
chlorobenzene, trichloroethylene, and methylene
chloride.

b. As with most solvents, they can be readily ab-
sorbed through the skin.

c. Chlorinated solvent waste should be segregated
as a distinct category. Do not dispose of them as
non-halogenated “solvents”.

4.4.3 Peroxides

a. Peroxides are oxidizers. Be careful when mixing
peroxides with other materials. Peroxides are in-
compatible with organic solvents.

b. Peroxides can also be unstable and explode.

c. The class of organic peroxides is even more dan-
gerous. Please read the MSDS before use.

d. Some solvents, like ethers, Tetrahydrofuran (THF),
and dioxane, form peroxide when exposed to oxy-
gen and light. Before use, check for peroxides by
using Kl or peroxide test strips. Dispose of sol-
vents with peroxides. Don't attempt to purify them.

4.4.4 Handling Large Quantities

a. These guidelines apply anytime you work with
more than 10 liters of chemicals. The situation
occurs frequently during waste or bulk solvent col-
lection.

b. Do not lift heavy drums: Do not lift heavy contain-
ers. Use a siphoning pump or a drum tap. If im-
practical, place the receiving container at a lower
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Fig4.6  Transferring solvent safely

level and pour liquid from the source drum down.
Proper Ventilation: Always perform solvent trans-
fers in a well-ventilated area, preferably within a
fume hood or using local exhaust ventilation.
Secondary Containment: Place the receiving con-
tainer within a chemical-resistant spill tray.

Size the Funnel: Do not use small funnels when
transferring liquids from heavy drums. Hold the
funnel slightly above the container to prevent
pressure buildup.

Wear PPE: Please refer to the PPE section for the
appropriate PPE for handling large amounts of
liquids.

4.4.5 Distillation

a.

Distillation is a common laboratory procedure
that presents a fire and explosion hazard.

All distillation setups should be inside a fume hood
Minimize the amount of chemicals in a batch.
Ensure all wiring is intact to avoid electrical
shock and sparks. Wires should not hang outside
the fume hood.

Violent boiling, or “Bumping”, can cause solvent
splashing or rapid vaporization. Use boiling chips

or a magnetic stirrer to prevent bumping.

Ensure glassware is oven-dried and inspect for
any defects, such as star cracks.

Fill the round-bottom flask with no more than
two-thirds of the solvent.

Seal all joints with joint clips and Teflon.

Agents like sodium metal, LAH, CaH,, and P,O,
dry solvents before distillation. Before adding
these reactive agents in bulk, always test the
moisture level in 1-2 ml of solvent. Ethers like
THF and DME require pre-drying with activated
molecular sieves.

OLSEH recommends the use of high-quality an-
hydrous solvents instead of drying agents. If dy-
ing is required, identify the proper drying agent.
For example, drying dichloromethane with sodi-
um generates explosive carbenes.

Cut metallic sodium inside the fume hood while
wearing the required PPE.

Ensure a dry-powder fire extinguisher is nearby
and accessible before working with sodium.

. Use purified argon or nitrogen as inert gases.

Clearly label the still with the solvent and drying
agent (e.g., THF/Na, DCM/CaH,) on a note out-
side the hood.

Some solvents, like ethers, THF, and dioxane,
form peroxides when exposed to air and light.
Before distillation, check for peroxides using Ki
or peroxide test strips. Dispose of peroxide-con-
taminated solvents. Never distill a peroxide-con-
taminated liquid.

Standard protocols are available for hexane, THF,
DME, Toluene, or DCM solvents.

Start cold water flow through the condenser only
after the apparatus is fully assembled under inert
gas flow.

The distillation setup must always be supervised.
Don't leave the lab without shutting down the
setup. Do not run the still overnight on “simmer”
mode.

The distillation flask should never dry out. Use an
overflow connector or monitor the setup continu-
ously to prevent accidental drying.
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point metals; solids that sublime at low tempera-
tures; etc. These hazards are compounded if the
same equipment handles toxic materials. Care
must be taken to reduce exposure to this equip-
ment or toxic materials. Use gas masks and res-
pirators.

e. Gases are another common source of inhalation
hazard. Please follow the guidelines on gas safe-
ty.

f. Some gases, like H,S, occur naturally and can

be tolerated in small amounts. Hence, there is a
tendency to discount their severity. This is a mis-
take. Always refer to the MSDS. When such infor-
Figd7  Solventdistillation setup mation is not available, err on the side of caution.

t.  Keep the fume hood sash fully closed
during operation.
u. Theresidual solvent containing sodium
or other drying agents should be care- A
fully quenched by small amounts of
WARNING

propanol, followed by absolute metha-
nol, until the sodium is destroyed.

v. Allow the still and heating mantle to
cool to room temperature before han-

dling.

4.4.6 Inhalation Hazards

a. Airborne substances, like gases, va-
pors, dust, fumes, or mists, pose an
inhalation hazard.

b. Solids that can aerosolize should only
be used with masks or ventilators, e.g.,
dust, small particles (< 10 pm), dry
nanoparticles, etc.

c. Volatile, fuming, or mist-generating lig-
uids should only be used in ventilated
areas.

d. Some equipment produces airborne
hazards in fumes, dust, or mist. e.g.,
physical vapour deposition sys-

tems (sputtering, evaporation, etc.);
sand-blasters; grinders, low-melting Fig4.8  Sources of inhalation hazards
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4.4.7

Chemical Inventory and Storage

Management

a.

Ensure that the chemical inventory includes the
following information for all corrosive, mois-
ture-sensitive, and reactive chemicals:

+ Date of receipt

+ Date of first opening

* Approximate quantity remaining

Old or unused chemicals (older than 2-3 years)
must be periodically reviewed. If any chemical
shows physical changes such as discoloration,
pressure buildup, or haze formation, its use
should be discontinued immediately, and the ma-
terial should be disposed of.

4.4.8 Proper Use of Chemical Fume Hood

a.

Users must strictly follow OLSEH fume hood us-

age guidelines.

Training should emphasize avoiding work with

the sash fully open under any circumstances.

The hood sash must be operated at the recom-

mended working height to ensure user protection

and airflow efficiency:

+ Forvertical sashes: Keep the sash below chin
level while working.

« For horizontal sashes: At least one sash pan-
el must fully cover the user’s body, allowing
only the hands to reach inside for handling
bottles or reaction setups.

Each hood should have clear signage/label in-

dicating the adequate sash height, as users fre-

quently forget to adjust it correctly during oper-
ation.

4.4.9 Standard Operating Procedure (SOP) for
Hazardous Chemical Handling

a.

C.

Ensure that each lab maintains a written SOP for
handling hazardous, reactive, moisture-sensitive,
and corrosive chemicals, covering their storage,
transfer, and disposal procedures.

The SOP must clearly specify safe handling tech-
niques, including Hood Operation:

Always work inside the hood, not at the edge. The

bottle or reaction setup should be placed at least
6 inches inside the hood from the front edge.
Working near the edge can cause fume escape,
as suction is weaker there.

Secondary Containment: Always place the chem-
ical bottle on a secondary containment tray (plas-
tic or Teflon) inside the hood to catch spills or
drips—never directly on the metal/hard surface.

4.4.10 Bottle Handling:

a.
b.

Hold the bottle firmly by its base, not by the neck.
Slightly tilt the bottle away from your face within
the hood enclosure, keeping it roughly at arm’s
length.

Do not lift the bottle upward while tilting—keep
its bottom supported on the tray or hood surface.
Loosen the cap slowly, allowing any built-up
pressure to release gradually so that escaping
vapours are captured by the hood airflow. This
practice helps prevent sudden fume bursts to-
ward the user.

4.4.11 Stench Chemicals & Lachrymators

a.

Stench chemicals are not necessarily toxic, but
create an overwhelmingly noxious smell even in
minuscule quantities, such as butyric acid, valeric
acid, selenides, telluride compounds, thiols, etc.
Lachrymators cause severe eye, nose, and respi-
ratory tract irritation, leading to tears (“lachryma” =
tears in Latin), sometimes even in minute quanti-
ties. Examples are thionyl chloride (SOCI,), acrole-
in, benzyl chloride, phosgene (COCI,), and dimeth-
yl sulfate.

Researchers must inform all lab users, the lab in
charge, & Pl before using stench chemicals or
lachrymators.

Store the stench chemicals & lachrymators in
tightly sealed containers with teflon tape.

Rubber septa are not a good way to contain these
chemicals, because they permeate rubber.

Only use the minimum necessary quantity.
Always work inside a fume hood or glove box.
Keep the fume hood sash as low as possible.



Use Schlenk lines or a bleach trap for stench
chemicals.

Use Schlenk lines or a glove box for lachrymators.
Double containment is mandatory.

Transfer liquids using a syringe or cannula only.
Never pour. Decontaminate and discard any pi-
pettes or micropipettes.

Do not use a rotary evaporator to concentrate re-
action solutions. Use a vacuum with a cold trap.

. Abate the exhaust chemicals, even if fume hoods

or glove boxes are used. Exhausted vapours can
re-enter through air intakes or wind.

Stench chemicals can be abated by activated car-
bon or oxidizing scrubbers like bleach or KMnO,.
Alkaline scrubbers can abate lachrymators.
Waste from the abatement systems is a chemical
hazard. Handle it with PPE and dispose of it as
chemical waste.

Clean used labware by rinsing and submerging it
in bleach for up to 24 hours.

Any solid waste (e.g., gloves, paper towels, septa)
should be put in a sealed (zip-lock) bag. Take the
bag to the chemical waste shed.

For minor spills of stench chemicals or lachryma-
tors: wear PPE, confine spill with absorbent pads,
clean surfaces with 3% H,0, and NaHCO,. Avoid
bleach as it forms hydrochloric acid. For lachry-
mators, you will need a respirator or SCBA. Take
the waste to the chemical waste shed.

4.4.12 Pyrophorics

a.

C.

Pyrophorics ignite spontaneously in air (no heat-
ing or sparks needed). Examples are metal al-
kyls like trimethylaluminium, t-butyllithium, and
Grignard reagents; hydrides like NaH, KH, LiAIH,,
silanes and arsine; and spent catalysts like Raney
nickel & palladium on carbon.

Researchers must inform all lab users, the lab in
charge, & Pl before using pyrophorics.

The Pl must sign off on a documented (hardcopy)
standard operating procedure (SOP).

OLSEH approval is mandatory. Must be informed
in advance & invited to conduct a safety audit.
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OLSEH will check SOP.
Always wear appropriate PPE. See the section on
PPE
Glass bottles of pyrophoric reagents should not
be handled or stored unprotected. The metal can
that ships with each bottle should be retained
as a protective container for transportation and
storage.
Read online about safe handling practices for py-
rophorics, especially if working outside a glove
box. Two resources are:
“Methods for the Safe Storage, Handling, and
Disposal of Pyrophoric Liquids and Solids in
the Laboratory” Journal of Chemical Health &
Safety 2011, January/February 18(1), 5-10.
+ Aldrich Technical Bulletin AL-134.
Pyrophorics must be handled inside a high-flow
fume hood or glove box. Secondary containment,
like a glove bag or Schlenk lines, is mandatory.
Never pour pyrophorics. Use syringes with long
needles to transfer small quantities. Quantities
beyond 50 ml must use the cannula (double-end-
ed needle) transfer technique. Syringes should
never exceed 50% capacity. Volumes beyond
50% are hazardous because there is a risk of the
plunger leaving the barrel, spilling the contents.
Pyrophorics must be abated using catalytic burn
boxes with wet scrubbers.
Plans for the safe destruction or proper disposal
of unused/unreacted material. Discuss the plan
with OLSEH during the approval process.
All used labware should be cleaned immediately
after use, flushed with the solvent, dismantled,
and cleaned with appropriate solutions.

. In the event of a spill, powdered lime should be

used to smother and cover the spill completely. A
container of powdered lime should be kept within
arm'’s reach when working with pyrophoric mate-
rials.

Pyrophoric spills may ignite. To quench, you may
need a Class D fire extinguisher. Never use water
or CO,, as they might react with pyrophorics. Plan
to have one in advance.
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4.4.13 Explosives

a.

When exposed to shock, pressure, or high tempera-
ture, an explosive rapidly releases pressure, gas, and
heat. Some chemicals can become unstable or poten-
tially explosive over time due to contamination from
air, water, or metals, or if they dry out. Examples in-
clude Picric acid & TNT.

Researchers must inform all lab users, the lab in
charge, & Pl before using explosive chemicals.

Pl must sign off on a documented (hardcopy) stan-
dard operating procedure.

OLSEH approval is mandatory. Must be informed in
advance & invited to conduct a safety audit. OLSEH
will check SOP.

Conduct experiments in a fume hood or glove box
with a safety shield. We need double containment.
Remove unnecessary equipment and chemicals from
the work area.

Notify others in the lab about the experiment, hazards,
and timing.

Use non-sparking tools when handling explosive
chemicals.

Always wear appropriate PPE. See the section on PPE
Always use high-purity solvents to minimize hazards
associated with impurities.

Date the chemical containers when received &
opened. Explosives have strict expiry dates.
Explosive chemicals must be regularly monitored.
Users must maintain a logbook where the condition
is tracked. Containers should not deteriorate. Com-
pounds like picric acid must remain moist. There
should be no crystalline growth inside or outside the
container. There should be no discoloration.

. Explosives must never be scraped with a spatula, as

the friction may initiate an explosion.

Avoid concentrating explosives. Don't let them crys-
tallize. Materials that should remain “wet” must not
dry.

Avoid overcooling to prevent the dangerous buildup
of unreacted reagents, which could lead to a violent
reaction upon warming.

Standard OLSEH waste disposal does not account for
explosives. Discuss with OLSEH to define an SOP.

4.5

Waste Segregation &
Disposal

Chemical waste is prima facie hazardous
and must be segregated and disposed of
according to the pollution control board
rules. This is a regulatory requirement with
legal consequences. Any sanction will be in-
stitute-wide. A mistake from one can affect
many. We also have a moral obligation to
maintain the environment.

The Pl must enforce a documented proce-
dure to segregate and dispose of all waste
generated in the lab.

In general, waste must be stored in the same
container it was sold in (glass, plastic, or
metal). As much as possible, avoid glass
containers as they shatter easily.

A small amount of waste can be collected
in the labs. At least once a month, lab in-
charges must collect all the waste and bring
it to the OLSEH waste collection shed or
pickup point.

OLSEH provides free pickup for most types
of segregated chemical waste.

Please fill out the disposal form shared on
the intranet (campus bulletin) in advance
and drop the sealed waste at the designated
pickup points on the announced dates. De-
tails are on the OLSEH website. OLSEH also
sends a reminder on the Campus Bulletin.
Only labeled and segregated waste will be
collected. Follow the segregation and label-
ing rules. No mystery chemicals, please.



Fig4.9

Colour-coded chemical waste bins and biowaste pickup

4.5.1
a. The KSPCB and the waste vendor regulate catego-

Categories of Waste

ries. So, expect the specifics to evolve with time.

Solvent waste is the generic category for non-toxic

liquid waste. Solvent waste must be segregated

into the following.

+ Halogenated (DCM, Chloroform, CCl,, etc.)

+ Non-halogenated (THF, ethyl acetate, hexane,
Acetone, methanol, etc.)

« Aqueous - Acidic (pH<4)

« Aqueous - Basic (pH>10)

Solid waste is the generic category for non-toxic

solid waste. Solid waste must be segregated into

the following:

- Sharps waste (Needles, blades, broken glass,
shards, etc.).

«  Non-toxic “polymeric” waste (nitrile gloves,
wipes, plastics, Gel ice packs, etc.).

. Non-toxic “oxide” solid waste (Ceramics,
semiconducting wafers, clay, silica, empty vi-
als/ centrifuge, etc.

Toxic waste is a generic category for solid or liquid

waste that is a mutagenic, carcinogenic, or envi-

e.

f.

g.
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ronmental toxin. Toxic waste must be segregated

into the following.

+ Toxic transition metals like Cd and Cr.

+ Toxic metal complexes of Cr, Co, Cu, Ru, Os,
etc.

+  Compounds with heavy metals like Hg and Pb.

+ Cyanides

Empty Chemical bottles from used chemicals can

be separately disposed of. OLSEH picks up all

types of plastic, metal, and glass bottles of up to

25-liter capacity.

Unknown Chemicals: Unsegregated chemicals are

VERY expensive to dispose of because they must

be assayed first. The Pl or department bears the

cost of disposing of segregated chemicals. Un-

known chemicals can be any of the following:

+  Mixed wastes without proper composition,

+  Chemicals with faded or missing labels.

+ Abandoned chemicals with a label but no re-
sponsible owner, e.g., bottles from closed labs.

Waste oil can be from any source, like pumps, die-

sel generators, etc. It can be used or unused.
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Table 4.1 Hazardous waste disposal schedule

Waste Type Disposal Frequency
Bio-hazardous waste Weekly

Liquid Waste Monthly

Solid Waste Monthly

Toxic Waste Monthly

Waste oil Bi yearly

Radioactive waste Monthly

Unknown Chemicals Every 2 Months

Empty Chemical Bottles Every 2 Months

0ld/Empty Compressed Gas
Cylinders

Once every 6 Months

Lithium/Small Consumer
Batteries

Once every 6 Months

Lead Acid Batteries Once every 6 Months

Toxic and Flammable Gas
Cylinders

On Request from PI/
Department

4.5.2 Segregation SOP

a.

Chemical waste must be segregated. When in
doubt, segregate. It is a very low-effort activity that
saves a lot of headaches later.

An acid + solvent mixture can spontaneously ig-
nite. Never store/leave a solvent + acid mixture in
the lab unattended. If you do happen to make such
a solution, segregate it and take it outside of the
building to the waste shed.

Acidic waste with fluoride ions must be collected
separately in plastic containers, eg, dilute hydroflu-
oric acid, ammonium fluoride, and buffered-oxide
etch.

Environmental toxins like Cd, Cr, or Pb must be col-
lected separately.

Acid waste that does not contain metallic toxins or
fluoride and has a pH<4 must be separately collect-
ed in plastic containers. 1ISc does not allow individ-
uals to neutralize acids.

Acid waste that does not contain metallic toxins or
fluoride and has a pH>4 can be disposed of in the
drain with copious amounts of water.

Acids + oxidizers react and evolve gas. So unat-
tended acids+oxidizer mixtures present an explo-
sion hazard. Fresh acids+oxidizer mixtures must be
collected separately and kept inside the fume hood
for a day, to let the gases escape.

Nitric acid should be treated as an acid+oxidizer.
Base+oxidizer mixtures also evolve gases. So un-
attended base+oxidizer mixtures present an explo-
sion hazard. Fresh base+oxidizer mixtures must be
collected separately and kept inside the fume hood
for 1 day, to let the gases escape.

Solvents + oxidizer mixture can spontaneously ig-
nite. Never store/leave a solvent + oxidizer mixture
in the lab unattended. If you do happen to make
such a solution, segregate it and take it outside of
the building to the waste shed.

Solvents must be separately collected in plastic
containers, eg, benzene, ether, ethyl acetate, Ace-
tone, alcohols, hydrocarbons, etc.

Basic waste with a pH > 10 must be separately col-
lected in a plastic container. 1ISc does not allow in-
dividuals to neutralize bases. If they do not have any
oxidizer, bases can be stored with solvents.

. Non-toxic basic waste with a pH<10 can be dis-

posed of in the drain with copious amounts of
water.

4.5.3 Waste Sheds

a.

e.

The State and Central Pollution Control Board reg-
ulates and audits chemical waste sheds.

OLSEH maintains two centralized waste storage
sheds near the SERC and the New Chemical Sci-
ence Building. They are open to all [ISc users on
all workdays.

The department can build its own storage areas,
following the guidelines. OLSEH will audit these
facilities.

The 11ISc chemical shed operates from Monday to
Friday.

A lab attendant registers the type of wastes re-



ceived, their quantity, the department/lab, and the
contact person.

The waste must be labeled with the label and
should not leak.

The sheds don't accept bio-wastes, empty chemi-
cal bottles, or unknown chemicals.

Flammable, ignitable, reactive, & incompatible
wastes should be stored separately.

Adequate firefighting systems should be provided
for the storage shed.

The loading area of the waste shed should allow
easy movement of waste containers.

A truck must be able to access the loading area of
the waste shed.

The storage and handling should have an extra
emergency exit.

. Proper records concerning the type of waste re-

ceived, characteristics, and the location of the
waste stored in the facility must be maintained.
Only persons authorized to enter and trained in
hazardous waste handling procedures should
have access to the storage site.

Loading & unloading of wastes in storage sheds
should only be done by a well-trained staff under
the supervision of an experienced staff member.
Smoking shall be prohibited in and around the
storage areas.

Good housekeeping needs to be maintained
around the storage areas.

Waste should be adequately protected from direct
exposure to sunlight, and adequate ventilation
should be provided.

4.5.4 Waste Containers

a.

Waste should be placed in compatible containers
with secure screw-on tops and labeled with the
“lISc Waste Label” (See Appendix).

Drums containing waste stored in the storage area
should be adequately labeled, indicating the type,
quantity, characteristics, source, date of storage,
etc.
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4.5.5 Spill Control

a.

The storage areas should be inspected daily for
leaks or deterioration.

In case of spills/leaks, use professional spill kits.
Storage areas should store adequate spill kits. The
waste shed should have spill kits to handle the
chemicals stored inside.

Waste shed should have secondary containment,
to prevent percolation to the soil & groundwater.
The storage area should be provided with a con-
crete or steel floor.

4.5.6 Waste Pickup

a.

b.

OLSEH collects laboratory waste through reg-
istered vendors on a monthly, Bi-monthly, and
bi-yearly schedule in the following categories.

The vendor vehicle picks up waste from desig-
nated pickup points. OLSEH announces dates in
advance. Email reminders are sent to Campus Bul-
letin.

Chemical waste will NOT be collected from individ-
ual labs separately. The waste must come to the
pickup point on the pickup day.

Fill out the waste disposal form in advance. Forms
are on the OLSEH website.

The waste should be labeled with chemical waste
labels. Labels can be downloaded from the web-
site.

—_._-_

| DEPARTMENT
NAME

Fig4.10  Waste Can with label
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Waste bottles with missing details will not be picked
up. OLSEH expects all fields, like the name of the de-
partments/Ilab, contact person, name, mobile num-
ber, type of solvent, etc., to be mentioned clearly.
Please ensure that the waste containers are tightly
sealed.

Leave some headspace to avoid pressure buildup
during transport.

Use 04-litre bottles or 25-litre jerry cans to store lig-
uid waste.

Unless chemical compatibility or safety mandates
otherwise, use only plastic bottles.

Fill all non-sharp solid waste in high-quality, thick
garbage bags that don't tear easily. The filled bag
must be tied off so the waste cannot leak or spill.
Do not place solid waste directly into cardboard
boxes, as they can get damaged and leak. Howev-
er, small glass bottles (toxic liquid, solid, or empty)
must be packed in sturdy cartons for safe trans-
port and not disposed of loosely.

. Sharps (needles, syringes, pipettes, broken glass)
must be collected in puncture-proof solid chemi-
cal waste containers.

Don't open or pour the contents into a new bottle
for an unknown chemical. Leave it as it is.

Error on the side of caution. If you feel that trans-
porting a container is hazardous, don't move it. If
you are unclear about how to dispose of some-

Fig4.11 Brokenglass

thing, don't guess. Contact OLSEH at safety.ol-
seh@iisc.ac.in.

Empty chemical containers can contain residual
amounts of chemicals. All chemical containers,
liquid or solid, must be rinsed three times.

The first rinse should be collected as chemical
waste and disposed appropriately; the second and
third rinses can drain.

Dry the empty container by letting it sit in a
well-ventilated area. Use a fume hood (if you can
access one) or find an isolated area far from the
public.

Use proper PPE during the rinsing of chemical bot-
tles or containers.

Deface the empty container label. The chemical
name should be crossed out or blacked out before
being discarded.

Any broken glass containers must be placed in a
rigid box marked as “broken glass.”

For radioactive and bio waste guidelines, refer to
the relevant chapters.

Fig4.12  Packing solid waste
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4.6

Special Hazard:
Hydrofluoric Acid

a. Hydrogen Fluoride (HF) is a commonly used haz-
ardous chemical. Concentrated solutions are 40 to
70% by weight in water. HF is also used as an anhy-
drous gas.

b. HF is used to etch glass and semiconductors, di-
gest minerals and soils, and remove oxide coatings
from stainless steel (“pickling”).

4.6.1 Hazards that make it Special

a. HFis highly corrosive and toxic.

b. Inhalation: HF fumes have a pungent, irritating, pen-
etrating odour. HF can be smelled at 0.04 ppm (a rel-
atively safe level). Still, one should not rely on odour
for safety. The Threshold Limit Value (the concentra-
tion to which most workers can be exposed daily for
a working lifetime without adverse effects) is three
ppm. The threshold where HF is “immediately dan-
gerous to life and health” is 30 ppm.

c. Skin Exposure: Skin exposure can lead to severe
burns, tissue destruction and death (necrosis), and
systemic toxicity. Pain associated with hydrofluoric
acid exposure is usually described as deep, burning,
or throbbing and is disproportionate to apparent
skin involvement.

d. Long-term Exposure: Long-term or chronic expo- Aoron
sure to HF may result in fluorosis, a syndrome char-
acterised by weight loss, bone brittleness, anaemia,

and general ill health.

e. Eye Exposure: Exposure of the eyes to HF may re-
sult in blindness or permanent eye damage.

f. Ingestion: Ingestion of hydrofluoric acid is rare and

hence poorly reported. Based on evidence, inges-
tion will probably cause esophageal burns, system-
ic toxicity, and cardiac arrhythmias (similar to skin ~ Fig4.13  Required PPE for handling hydrofluoric acid
exposure).
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4.6.2

Best Practices

Wear proper PPE (see below).

Be prepared for an emergency. Pre-planning is es-
sential before beginning any HF work. Know the
location of eyewash, safety showers, and calcium
gluconate.

4.6.3 Training

a.

HF-specific training is mandatory for all users in a
lab that stores HF.

The training will cover hazards, controls, PPE, han-
dling, storage, disposal, and emergency response.
Each lab must have at least one person trained in
spill control.

4.6.4 Engineering Controls

a.

Aqueous or gas HF must be used only inside a
properly functioning fume hood.

HF corrodes metals and glass, damaging gener-
al-purpose hoods. Special hoods made with poly-
propylene must be used.

PPE is mandatory for any concentration of HF
solution above 0.001%.

Make sure the PPE is in good condition. When in
doubt, replace HF PPE.

Always use chemical splash goggles when han-
dling HF. Safety glasses, even those with side
shields, do not provide adequate eye protection.
Thick nitrile gloves are mandatory. Six-mil-thick
nitrile gloves resist around 45 minutes to con-
centrated HF. These gloves can be used multiple
times, provided they are washed after each use.
The gloves should be discarded at the first sign of
deterioration.

Users must always wear a second layer of thin ni-
trile gloves underneath the thick ones.
HF-resistant aprons are mandatory. Aprons or lab
coats made with natural fibers are inadequate.
The aprons should be full-sleeved. Separately
worn sleeves are ok. The apron must be below the
knees.

Fully closed plastic shoes are mandatory.

4.6.5
a.

Storage

Store HF in properly labeled, compatible poly-
ethylene, polypropylene, or Teflon containers.
Never store in a metal or glass container or a sili-
cone-based bottle.

Periodically check the condition of the container
since plastic containers can get brittle over time.
Store HF containers in a ventilated chemical cab-
inet, separate from incompatible chemicals like
bases, metals, and organic compounds.

The cabinet must have secondary containment,
such as a tray.

4.6.6 Emergency Response

a.

4.6.7
a.

b.

Skin Exposure: Wash the exposed area with flow-
ing water for 5 minutes. Don’t use stagnant water,
like dipping your fingers in a beaker of water. Re-
move contaminated gloves and use a fresh pair
of gloves. Apply copious amounts of calcium glu-
conate gel using a fresh pair of gloves. Ungloved
hands should not be used to apply calcium gluco-
nate on HF-contaminated parts. Seek medical at-
tention while you continue the application of calci-
um gluconate.

Eye Exposure: Immediately irrigate eyes at the
eyewash for at least 15 minutes with a copious
amount of water. Keep eyelids apart and away
from eyeballs. Do not apply calcium gluconate gel
to the eyes. Seek prompt medical attention.
Inhalation: Move the exposed person to fresh air.
Seek prompt medical attention.

Ingestion (Swallowing): Do not induce vomiting.
Drink large amounts of water to dilute the acid. If
available, several glasses of milk or milk of mag-
nesia. Seek prompt medical attention. Do not give
any fluids to an unconscious victim.

Spill Clean Up

Small spills can be cleaned by a user in proper
PPE.

Spill kits for HF clean-up are available. Only use
kits specified for HF spills, typically the absorbent
is soda ash, sodium bicarbonate, lime, etc.



C.

Don't use spill kits that contain sand because HF
reacts with silica to produce silicon tetrafluoride,
a toxic gas.

4.6.8 Disposal

a.

Cylinders of anhydrous HF should be returned to
the vendor. If you have old cylinders that you can-
not return, contact the OLSEH at safety.olseh@
iisc.ac.in

Hydrofluoric acid solutions should not be thrown
down inthedrain, even if the solution is neutralised.
Bottle, label, and dispose of the HF through regular
chemical disposal.

Extreme care must be taken when disposing of
large quantities or high concentrations.

Chemical suppliers will also sell HF mixtures with
various non-aqueous solvents such as HF-pyridine
or HF-alcohol mixtures. It is not appropriate to neu-
tralize these mixtures. Bottle, label, and dispose of
the HF through regular chemical disposal.

OLSEH, Indian Institute of Science
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CHAPTER 5

Biological
Safet;g1

The Indian Institute of Science (IISc), Ban-
galore, is committed to maintaining the
highest standards of safety in teaching, re-
search, and innovation. This Biosafety Man-
ual aims to protect students, researchers,
staff, the environment, and the surrounding
community from potential biological risks
arising from laboratory activities.

The manual outlines key aspects of biosafe-
ty, including risk assessment, classification
of biological agents, biosafety levels (BSL),
use of personal protective equipment (PPE),
waste management, emergency response,
and incident reporting. It also aligns with
national regulatory requirements and best
practices to ensure safe and responsible
conduct of research.

All personnel working in laboratories in-
volving biological materials are required
to understand and adhere to the guidelines
provided in this manual.



5.1

Good Practices

Table 5.1

Live culture
handling

BSL-1, BSL-2 and BSL-3 Safety Practices

BSL-1
(Low Risk)

1.

w

Standard mi-
crobiological
practices

. No eating/

drinking in the
lab

. Wash hands
. Surface decon-

tamination is
mandatory

. Always use

pipetting
aids. Never

mouth pipette.

BSL-2

(Moderate Risk)

BSL-1 practices, and additionally:

1. Only trained personnel can handle

2.
3.

0.

BSL2 cultures.

Lab access must be limited.
Documented SOP is required for the
storage and transport of cultures

. Documented SOP is required for
instruments, waste, sharps, and bio

spills.

. Infectious materials should be
in a durable, leak-proof primary
container. The primary container is
in a durable, leak-proof secondary
container for transport within the
facility (e.g., to an incubator or
another lab bench).

. The secondary container should be
decontaminated if there's suspicion
of contamination.

. Properly label all containers.

. Use biosafety cabinets (BSCs)
for potentially aerosolized

pathogens.

Ensure proper functioning of BSCs
and other safety equipment.
10. Minimize splashes and aerosols.
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BSL-3
(High Risk, Aerosol Transmission)

BSL-2 practices and additionally:

1.

2.

3.

Controlled access with two sets of self-
closing doors, often with an anteroom.
All personnel must undergo
comprehensive training in BSL-3
practices, procedures, emergency
response, and the specific risks
associated with the agents being
handled.

ALL open manipulations of BSL-3
cultures, and any procedure with these
cultures that could generate aerosols
or splashes, must be performed inside
a certified Class Il or Class Il Biosafety
Cabinet.

. Work within the designated safe zone

of the BSC, avoiding disruption of the
air curtain by rapid arm movements or
blocking the grilles.

. All culture vessels (flasks, plates, tubes,

cryovials) must be robust, leak-proof,
and sealed during handling and storage
outside of the BSC (e.g., when moving to
an incubator or centrifuge).

. If using screw-cap tubes, ensure

caps are tightly secured. For plates,
consider using parafilm or specific
sealing mechanisms if there's any risk
of aerosolization during transport or
incubation.

. If mixing cultures, do so gently within

the BSC. If vortexing, ensure the tube is
tightly capped and consider using a mini-
vortexer inside the BSC to limit potential
aerosol dispersion.

. Maintain a highly accurate and up-to-date

inventory of all BSL-3 culture stocks

(including strain, date, quantity, location).
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BSL-1
(Low Risk)

Spore-forming
culture handling

All spore-forming

cultures in the

above BSL1 labo-

ratory.

1. Spores (bacte-
rial or fungal)

are highly resis-

tant. They can
survive many
disinfectants,
desiccation,
and UV radia-
tion. So, they
are challenging
to eliminate.

2. Spores are easi-

ly aerosolized.

BSL-2
(Moderate Risk)

All BSL2 live culture practices, and
additionally:

1.

Always work in a BSC for all
manipulations. This is non-
negotiable for spore-forming
agents, even for procedures that
might seem low-risk with non-spore
formers.

. Avoid or minimize procedures that

generate aerosols (e.g., vigorous
shaking, sonication, pipetting
forcefully, rapid opening of
containers). If unavoidable, perform
with extreme caution in the BSC.

. Allow aerosols to settle in the BSC

for 5-10 minutes after manipulation
before removing items.

. Immediately after use and after

any spills, decontaminate all work
surfaces (BSC interior, benchtops)
with an effective sporicidal
disinfectant, e.g., Chlorine-based
disinfectant or Hydrogen peroxide
10-30% with a contact time of 15-20
mins.

. All equipment (e.g., pipettors,

centrifuges, incubators) that comes
into contact with spore material
must be decontaminated using
sporicidal agents or autoclaved.

. Emphasize rigorous hand washing.

Consider using an alcohol-based
hand rub after washing hands,
though soap and water are
paramount for spore removal.

. Maintain excellent general

laboratory cleanliness to prevent
accumulation of spores in dust or
on surfaces. Use wet methods (e.g.,
wiping with disinfectant-soaked
cloths) instead of dry sweeping/
dusting.

. Store spore stocks in

clearly labelled, robust, and
potentially double-contained
vials/tubes to prevent accidental
breakage and dispersal.

. Consider establishing a baseline

health status for personnel working
with spore-forming agents.

BSL-3
(High Risk, Aerosol Transmission)

All BSL-3 live culture practices:

1.

2

4

5.

6.

7

9.

Use EPA-approved sporicidal
disinfectants (e.g., high concentrations
of sodium hypochlorite/bleach, hydrogen
peroxide, glutaraldehyde, peracetic acid)
with 20-30 min contact times.

. Avoid the application of disinfectants

with the spray method to prevent
the formation of aerosols. Pouring
disinfectant on the spill covered by a
microfibre cloth is sufficient.

. All work surfaces must

be decontaminated daily
and immediately after any spill with a
validated sporicidal agent.

. All materials and equipment must be

decontaminated before removal from
the BSC or the BSL-3 facility. This
includes wiping down exteriors of tubes,
flasks, and pipettes with sporicidal
disinfectant before removing them from
the BSC.

Use sealed safety cups, safety buckets,
or sealed rotors with O-rings. Load and
unload tubes and rotors within a BSC.
Allow aerosols to settle for at least 10
minutes after a run before opening the
centrifuge.

Decontaminate the centrifuge interior and
accessories if a tube breakage occurs.

. Autoclaving is the preferred method for

inactivating spore-forming organisms in
solid and liquid waste.

. Procedures that create aerosols (e.qg.,

vigorous mixing, sonication, grinding,
pipetting) should be minimized or
performed with extreme caution within
the BSC.

Maintain an accurate and up-to-date
inventory of all spore-forming agents.

10. Consider implementing environmental

monitoring (e.g., surface swabbing)
to detect the presence of spores

in the laboratory, especially after
decontamination procedures.

11. Consider establishing a baseline health

status for personnel working with spore-
forming agents.



Organisms'
Genetic
Materials
Handling
Practices
(includes
recombinant
DNA (rDNA),
synthetic nucleic
acid molecules,
and any cells,
organisms, or
viruses
containing
such molecules

Attenuated
culture handling

BSL-1
(Low Risk)

1. Standard mi-
crobiological
practices

2. The risk assess-
ment of the
specific genetic
material deter-
mines the ap-
propriate con-
tainment level,
e.g., nature of
insert, host
organism, &
vector charac-
teristics

BSL-1
(Low Risk)

1. Standard mi-
crobiological
practices

2. No eating/

drinking in the
lab

. Wash hands

4. Always use
pipetting
aids. Never
mouth pipette.

w

BSL-2
(Moderate Risk)

All BSL2 practices and additionally:

1. Transport all genetic materials
within the facility in durable, leak-
proof primary containers placed
within a secondary, leak-proof
container (e.g., a sturdy tray or
bucket) to prevent spills.

2. Avoid public areas during transport
if materials are moving outside the
immediate lab space.

BSL-2
(Moderate Risk)

Adhere to BSL-2 live cultures handling

practices.

1. Even if attenuated, understand
the specific attenuated strain,
its parent strain's virulence, any
residual pathogenicity, potential for
reversion to virulence, and known
transmission routes.

2. Attenuated infectious materials
should be stored in a lockable
freezer or designated laboratory
room.

3. Always handle attenuated BSL-2
cultures diligently
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BSL-3
(High Risk, Aerosol Transmission)

All BSL3 practices

1. For work involving indigenous or exotic
agents, e.g., Mycobacterium tuberculosis,
SARS-CoV-2, HIV, rabies virus, West Nile
virus, and various highly pathogenic
bacteria and viruses, including their
genetic material.

BSL-3
(High Risk, Aerosol Transmission)

Adhere to BSL-3 live cultures handling

practices.

1. While its virulence is reduced,
"attenuated BSL-3" cultures
still possess characteristics
that necessitate handling within a BSL-3
facility due to their potential for aerosol
transmission and ability to cause severe
disease.

2. Immunocompromised individuals might
be susceptible to infection by the
attenuated or vaccine strain. Therefore,
never compromise on BSL-3 containment
measures when handling these agents.

3. Always handle attenuated BSL-3 cultures
diligently.
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5.1.1
a.

Hazardous Equipment

The equipment must be properly installed, main-
tained, and calibrated.

All hazardous equipment must have a senior
staff member or student responsible for training,
maintenance, and upkeep.

Only trained users can operate the equipment.
Users must read the equipment manual before
using and follow the SOP.

5.1.2 Hot Air Oven

a.

® oo o

Wear PPE as per the guidelines. Heat-resistant
gloves may be required.

Don't plug the hot air oven into an extension cord.
Don't overload the hot air oven.

Don't exceed the operating temperature limits.
Don't use mercury thermometers to monitor tem-
peratures. They tend to break.

If you have a model with an exposed heating el-
ement on the bottom, do not place items on the
shelf that can potentially fall onto the heating el-
ement.

Never put flammable, combustible, reactive, or
corrosive materials inside. High-temperature-in-
tolerant materials can cause fire.

Be cautious of hot surfaces when loading and
unloading.

Keep your face, body, and hands away from the
escaping heat when opening the machine door.
Residual chemicals may volatilize, causing an in-
halation hazard. Clean the equipment to remove
residual chemicals before using.

5.1.3 Biosafety Cabinet
A biosafety cabinet (BSC) should be selected primar-

ily based on the type of protection needed.

a.

Start-Up

+  Wear PPE.

+ To minimize cross-contamination, materials
considered “clean” must be at least 150 mm
away from aerosol-generating objects.

+ Biohazard collection bags should be inside
the cabinet.

Fig5.1

+ Use absorbent pads on the work surface to
minimize splatter or aerosol in case of a spill-
age.

+ Do not obstruct the front or back air grilles.

Operations

+ Minimize movements to avoid disrupting
cabinet airflow.

+ Please do not use a gas flame, as it interferes
with airflow.

Shut Down

+ Seal biohazard bags.

+ Decontaminate the items before removing
them from the cabinet.

+ Decontaminate the surface of the cabinet in-
ner sidewalls, back wall, work surface, drain
pan, and the inner side of the sliding sash/
hinged window.

Biohazard

Control

Work inside the Biosafety Cabinet and prevent contamination




5.14

a.

Incubator

The incubator should be switched off when not
in use.

Do not overload the incubator.

Disinfect the incubator every 6 months or in case
of a spill. Before disinfection, disconnect the in-
cubator plug from the main socket.

Use 70% ethanol to clean metallic surfaces (i.e.,
racks, floors, walls, and doors) of the incubator.
The temperature of the incubator must be cali-
brated.

Re-calibration is mandatory if the incubator has
been repaired, cleaned, or restarted after a power
failure.

5.1.5 Autoclave

a.

An autoclave sterilizes items using heat and
pressurized steam. Laboratories commonly use
autoclaves to sterilize glassware, non-electronic
instruments, media and solutions, and biohaz-
ardous waste.

Record cycle information on the autoclave log
sheet or logbook.

Culture
Plates

Power

Fig 5.2

Cord

Bin

Incubator parts and cleaning points
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PPE

+  Always wear the minimum PPE when using
an autoclave. Refer to PPE Guidelines.

+ To prevent burns from heat and steam, use
long heat-resistant gloves

Pre-Inspection

« Inspect the door gasket (seal) for cracks or
bulges. The gasket should be smooth and
pliable.

+ Clean the drain screen of debris.

« Inspect for spills or debris inside the auto-
clave.

+ Contact the equipment in charge if you notice
any problems. Do not use the autoclave.

Autoclaveable Items

+ Do not autoclave flammable, combustible,
reactive, corrosive, toxic, or radioactive ma-
terials.

+ All plastics must be autoclavable.

+ Inspect glassware for cracks. Do not auto-
clave cracked or compromised glassware.

+ Loosen the caps of liquid-filled vials or cover
them with foil. This allows the steam to pene-
trate the vial and prevent an explosion.

Autoclave Lid

Inner
Chamber

Fig5.3

Autoclave parts and safe loading of biohazard bags
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Bagged items should be tied or taped loosely.
Steam must be able to penetrate the bag.

f. Load

Place items in an autoclave tub on a rack.
Never place items directly on the autoclave
bottom or floor.

Always use secondary containment, just in
case of spillover.

Ensure that the autoclave has reached suffi-
cient pressure to start a cycle.

Do not overload the autoclave. Allow ade-
quate space between items for steam.
Check the water level.

Make an entry in the logbook.

g. Unload

Never open an autoclave door during a cycle!
If necessary, abort the cycle and wait until the
chamber depressurizes.

If the cycle fails, notify the equipment in
charge. ltems may not be sufficiently decon-
taminated if the cycle is not completed.
Before unloading, verify that the chamber
temperature has dropped and the pressure is
zero.

Slowly open the door to let out steam gradu-
ally. Keep your face away from the door.
Allow items to stand in the autoclave for
10 min. Cautiously remove items and place
them in a safe area to cool. Do not agitate
containers, as boiling or superheated liquids
can explode if moved too quickly.

Make an entry in the logbook.
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PPE for BSL-1
(Low Risk)

PPE for BSL-2
(Moderate Risk)

PPE for BSL-3
(High Risk,
Aerosol
Transmission)

Fig54  PPE for BSL-1,BSL-2, and BSL-3 Laboratories
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Table 5.2

Type of
microorganisms

Laboratory
Infrastructure

Personnel
Protective
Equipment
(PPE)

Training &
Qualification

Biosafety Level (BSL) Classification and Requirements

BSL-1
(Low Risk)

Not known to consistently
cause disease in healthy
adults (e.g., non-
pathogenic E. coli, etc).

. Open benchtop worktable.
. A sink for hand washing.
. Lockable doors.

. Non-porous, easily
cleaned surfaces (floors,
benches, chairs).

. Incubators

. Oven

7. Other equipment as per

the BSL1 requirements
8.Pest control.

LW -

S v

1. Please see the PPE
guidelines

2. Lab coats, gloves.

3. Eye protection/ face
shields when a splash
hazard exists.

Basic lab safety & hygiene

BSL-2
(Moderate Risk)

Indigenous or exotic
agents pose a moderate
hazard; they can cause
human disease but

are usually treatable.
(e.g., Staphylococcus
aureus, Salmonella,
Bacillus species,
Clostridium species in
their spore state, or fungal
spores).

All BSL-1 infrastructure, and
additionally:

1.
2.

1

Self-closing doors.
Biosafety cabinets
(Class I or II) for aerosol-
generating procedures.

. Access to an autoclave

or other decontamination
methods.

. Eyewash station.
. Vacuum lines with HEPA

filters.

. Other equipment as per

the BSL2 requirements.

. Mechanical ventilation

with inward airflow is
recommended.

. Please see the PPE

guidelines

. Gloves.
3.

Eye protection and face
shields as needed.

. Dedicated lab coats for

cell culture work.

. Comprehensive training

on specific hazards,
PPE, and BSC usage
procedures (spills,
exposures).

. All personnel handling

spore-forming

agents must receive
specific training on
the unique risks and
decontamination
procedures for spores.

BSL-3
(High Risk, Aerosol Transmission)

Indigenous or exotic agents with
potential for aerosol transmission
can cause serious or potentially
lethal disease (e.g., Mycobacterium
tuberculosis, Yellow Fever, SARS-CoV,
Influenza, etc).

All BSL-2 infrastructure and additionally:

1

2.

3.
4.

7

8.

1

2.

4.

. Physical separation from public

access corridors.

Self-closing, double-door access (e.g.,
through an anteroom).

Biosafety cabinets Class Il or Class Ill.
A dedicated ventilation system with
non-recirculated, HEPA-filtered
exhaust air.

. Sustained negative airflow into the

laboratory (air pressure gradient).

. Walls, floors, and ceilings should be

sealed and easily decontaminated.

. The hand-washing sink near the exit

has hands-free operation.
Autoclave within the lab
or immediately adjacent.

. Please see the PPE guidelines.
. Protective lab clothing (solid-front

wraparound gowns, scrub suits,
coveralls).

. Gloves (double).
4.

Respiratory protection (e.g., N95 mask,
& respirators).

. Extensive, specialized training

and expertise in BSL-3 practices.
Regular emergency response training
(Spill, medical, containment breach).

. Proficiency testing for aseptic

technique, biosafety knowledge, and
equipment operation.

A thorough medical status
(immunocompromised, allergic
reactions, latent disease, chest X-rays,
vaccine status) is required.



5.3

Spill Control

Ensure the Bio-safety kit is readily available and
fully stocked at all BSLs.

b. Remain Calm: Assess the situation without
panic.

Self-Protection: Don appropriate PPE before ini-
tiating cleanup as mentioned in the lISc safety
manual.

Contain & Decontaminate: Prevent spread and
neutralize the biological agent.

Safe Disposal: Properly dispose of all contami-
nated materials.

Report and Document: Ensure all incidents are
recorded for improvement and compliance with
the OLSEH Guideline.

5.3.1
a.

h.
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Bio Spill Kit Contents
BSL-1 & BSL-2: Freshly prepared 10% household
bleach solution (1:10 dilution of 5.25% sodium hy-
pochlorite), or other lab-approved broad-spectrum
disinfectant.
BSL-3: Highly effective broad-spectrum disinfec-
tant validated for the specific agents handled (e.g.
higher concentration of bleach, peracetic acid, or
specialised virucidal/sporocidal agents). Ensure
sufficient quantity.
Absorbent materials: Paper towels, absorbent
pads, spill pillows.
Biohazard bags: Leak-proof, autoclavable (espe-
cially for BSL-2 and BSL-3).
Sharps container: Puncture-resistant.
Tools: Forceps/tongs, dustpan, and brush (for bro-
ken glass).
Personal Protective Equipment (PPE):
BSL-1: Disposable gloves, lab coats, safety
glasses.
BSL-2: Disposable gloves (consider double
gloving), lab coat/disposable gown, safety
glasses/goggles, face shield.
BSL-3: Full body coverage (e.g. disposable cov-
eralls/Tyvek suit), double gloves, head cover/
bonnet, shoe covers, full face shield, and res-
pirator (N95 or higher, or powered air-purifying
respirator (PAPR) depending on risk assess-
ment and agent).
Warning signs: “DO NOT ENTER” / “BIOHAZARD
SPILL
Incident report forms.
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5.3.2 BSL-1 Spill
Agents: Well-characterised agents not known to

cause disease in healthy adults (e.g. E. coli K-12,

Saccharomyces cerevisiae).

a.

Fig 5.5

Alert others in the immediate area to prevent fur-
ther contamination.

Don appropriate PPE - lab coat, disposable gloves,
and safety glasses.

Cover the spill with absorbent material (e.g. paper
towels).

Carefully pour disinfectant (e.g., 10% bleach solu-
tion) over the absorbent material, working from the
edges inward to prevent spreading.

Allow recommended contact time for the disinfec-
tant (typically 15-20 minutes).

Wipe up the spill from the edges to the centre using
fresh absorbent material. If broken glass or sharps
are present, use forceps or tongs to pick them
up and place them directly into a sharps contain-
er. NEVER use your hands.

Clean the spill area again with fresh absorbent ma-
terial soaked in disinfectant.

Dispose of all contaminated materials (used PPE,
absorbent materials, etc.) into a biohazard bag.
Remove PPE and dispose of it in the biohazard bag.
Wash your hands thoroughly with soap and water.
Report the incident to your Pl and department safe-
ty champion.

File an incident report and submit it to OLSEH.

Bleach
solution
on spillage

Biological spill kit contents and cleanup steps

5.3.3 BSL-2 Spill
Agents: Agents associated with human disease, but

with low individual risk (e.g. Staphylococcus aureus,

Salmonella, non-aerosolised Mycobacterium tubercu-

losis cultures, etc).

a.

b.

Small spill (e.g. a few drops to a few milliliters, no aerosol
generation outside BSC):
Ensure absorbent materials and biohazard bags are
autoclavable if the waste requires autoclaving be-
fore disposal.
Follow steps 1-11 of BSL-1 Spill Procedure.
Spill Inside a Biological Safety Cabinet (BSC):
Leave the BSC blower on. Do not turn off the BSC.
Don appropriate PPE - lab coat, gloves, and eye pro-
tection.
Cover the spill with absorbent material.
Carefully pour disinfectant over the absorbent mate-
rial and the spill.
Allow appropriate contact time, wipe the spill with
paper towels, and work from the edges to the centre.
Use forceps for broken glass/sharps.
Wipe down all interior surfaces of the BSC (work sur-
face, walls, drain pan/catch basin if accessible) with
disinfectant.
Autoclave all cleanup materials (paper towels,
gloves, etc.) before discarding them into the biohaz-
ard waste stream.
Wash your hands thoroughly.
Report the incident to your Pl and department safety
champion.

File an incident report and submit it to OLSEH.

Biohazard
waste bin
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c. Large Spill or Potential for Aerosol Generation (outside
BSC):

5.3.4 BSL-3 Spill
Agents: Indigenous or exotic agents that may cause

DO NOT PANIC!

Immediately vacate the area. Alert others to evacu-
ate the laboratory.

Close doors to the affected area to contain aero-
sols.

Post “DO NOT ENTER” / “BIOHAZARD SPILL
signs on all entrances.

Allow aerosols to settle for at least 30 minutes (this
allows for air changes and settling of airborne par-
ticles).

Contact your PI, department safety champion, and
OLSEH/Biosafety Officer immediately.

Provide details: Location, approximate volume, type
of material, and any known hazards.

Don full appropriate PPE from the spill kit: lab coat/
disposable gown, double gloves, safety glasses/
face shield, shoe covers, and an N95 respirator if
inhalation risk is present.

Enter the room cautiously, cover the spill with absor-
bent material, working from the edges inward.
Carefully pour disinfectant (e.g. 10% bleach solu-
tion) over the absorbent material and the entire
spill area, starting from the perimeter and working
towards the centre. Avoid splashing or creating new
aerosols. Ensure complete saturation.

Allow adequate contact time (typically 20-30 min-
utes, or longer for high organic load like blood). Use
forceps/tongs for sharps; dispose directly into a
sharps container.

Re-disinfect the entire spill area and any potential-
ly contaminated surfaces (benches, equipment,
walls).

Dispose of all contaminated materials into auto-
clavable biohazard bags.

Remove PPEin a manner that avoids secondary
contamination. Dispose of all disposable PPE in the
biohazard bag.

Autoclave all biohazard waste as per institutional
guidelines before final disposal. Wash your hands
thoroughly with soap and water.

File an incident report and submit it to OLSEH.

serious or potentially lethal disease through in-

halation

(e.g. Mycobacterium tuberculosis (aero-

solised), Brucella spp., SARS-CoV-2, etc.).
a. Evacuate:

DO NOT PANIC!

Immediately vacate the BSL-3 laboratory/
suite.

Alert all personnel in the BSL-3 suite to evacu-
ate immediately.

Activate emergency alarms and immediately
notify the Security, Pl/lab supervisor, and Bio-
safety officer/OLSEH.

Close all doors to the BSL-3 suite and ensure
primary airlock doors are secured.

Post “DO NOT ENTER" / “BIOHAZARD SPILL -
BSL-3 HAZARD" signs on all entrances.

b. Cleanup by trained personnel:

Pls, the facility in-charge, and the Biosafety of-
ficer/OLSEH will coordinate the response.
Allow aerosols to settle for at least 30-60 min-
utes, or longer as determined by risk assess-
ment and ventilation system capabilities (e.g.
multiple air changes). The directional airflow
system of BSL-3 should assist in containment.
Assess the situation remotely (if possible)
and plan the cleanup strategy, considering the
spill's specific agent, volume, and location.
Restrict lab access to only authorised cleanup
personnel.

Designate a cleanup team of at least two fully
trained individuals.

c. Spill Cleanup (by trained personnel only):

Don full, appropriate PPE for BSL-3 work, en-
suring proper donning sequence and seal (e.g.
disposable coveralls/Tyvek suit, double gloves,
shoe covers, head cover, full face shield, and
N-100 respirator with proper fit-testing or N95
Mask with a three-layered one normal mask).
Consider a liquid-resistant outer layer when
dealing with large liquid spills.

Ensure the bio spill kit is complete and readily
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available outside the contaminated area be-
fore entry.

+  Enter the BSL-3 lab/suite cautiously.

«  Carefully cover the entire spill area with absor-
bent material to minimise aerosol generation.

«  Slowly pour highly effective disinfectant (val-
idated for the specific agent, often a higher
concentration of bleach, or other virucidal/
sporocidal agent) around the edges of the
spill, working inward. Ensure complete satura-
tion. Avoid splashing.

+ Allow extended contact time for the disinfec-
tant (e.g. 30 minutes or more, depending on
the agent and disinfectant specifications).

+ Carefully collect all contaminated materi-

PPE, broken

glass/sharps in sharps containers) using me-

als (absorbents, disposable
chanical means (forceps, tongs, scoop). Place
everything into autoclavable biohazard bags.

+ Thoroughly disinfect all potentially contam-
inated surfaces (work surfaces, equipment,
walls, floor, handles, light switches, BSC exte-
rior) with fresh disinfectant. This may require
multiple wipes.

+ If the spill was in a BSC and containment was
compromised, the BSC itself must be decon-
taminated, possibly through gas decontamina-
tion using formaldehyde, chlorine dioxide, and
hydrogen peroxide, by trained personnel after
the immediate spill cleanup.

+ Clean the spill area again with fresh disinfec-
tant.

Doffing & Decontamination:

+ Perform doffing of PPE in the designated BSL-
3 exit area/anteroom following a strict, pre-de-
termined sequence to prevent contamination
of personal clothing.

+ Place all disposable PPE into autoclavable bio-
hazard bags.

+ Autoclave all biohazard waste generated from
the spill cleanup and contaminated PPE imme-
diately, per institutional and BMW2018 guide-
lines. This is critical for BSL-3 waste.

e.

5.3.5
a.

+  Wash your hands thoroughly with antiseptic
soap and water.

Post-Spill & Reporting:

+ File anincident report and submit it to OLSEH.

* Replenish the BSL-3 spill kit.

+ Consider environmental monitoring (e.g. sur-
face swabs) to confirm complete decontami-
nation, especially for high-risk agents.

Spill On Body/Clothing

Immediately remove contaminated clothing while
minimising contact with skin.

Wash exposed skin thoroughly with antiseptic
soap and water for at least 15-20 minutes.
Immediately flush eyes at an eyewash station for
at least 15 minutes for eye exposure.

Seek immediate medical attention. This is critical
for BSL-2 or BSL-3 agents, and post-exposure pro-
phylaxis (PEP) may be necessary. Inform the 11Sc
Health Centre of the specific agent.

File an incident report and submit it to OLSEH.
Contaminated clothing should be placed in an au-
toclavable bag for proper decontamination (e.g.,
autoclaving or specialised laundry).



5.3.6 Biowaste Disposal As Per BMW Rules, 2018

Category

Yellow

White

Type of Waste

1. Human Anatomical Waste
(human tissues, organs, body
parts)

2. Animal Anatomical Waste

3. Soiled waste (items
contaminated with blood,
body fluids like dressings,
plaster casts, cotton swabs,
bags containing residual/
discarded blood and blood
components), expired
or discarded medicines

4. Microbiology, Biotechnology
& Clinical Lab Waste (lab
cultures, microbial stocks,
specimens, live/attenuated
vaccines)

Contaminated waste
(Recyclable) such as tubing,
drains, oxygen masks,
intravenous tubes, urine bags,
gloves, and disposable items
other than sharps

Waste Sharps, including

metals (needles, syringes

with fixed needles, needles
from needle tip cutter/burner,
scalpels, blades, or any other
contaminated sharp object that
may cause puncture and cuts)

Colour and Type of
Container

Yellow colour non-
chlorinated plastic bags
or containers (with
biohazard symbol)

Red colour non-
chlorinated plastic bags
and containers (with
biohazard symbol)

White colour, puncture-
proof, leak-proof, tamper-
proof containers (with
biohazard symbol)
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Treatment and Disposal
Options

1. Incineration, Plasma Pyrolysis,
or Deep Burial (for specific
cases like human anatomical
waste).

2. Discarded blood bags are
counted, sealed, weighed,
autoclaved on site, then
sent in a yellow bag
for incineration by CBMWTF.

Autoclaving followed

by Recycling. Needles of syringes
must be cut/destroyed with a
needle destroyer/cutter before
putting them in red bags.

Autoclaving or Dry Heat
Sterilisation in the lab, followed
by Shredding or Chemical
Treatment in an authorised
common biomedical waste
treatment facility.
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CHAPTER 6

Electrical &
Fire Safety

Electrical and fire safety are essential
in laboratories due to the use of elec-
trical equipment and flammable ma-
terials. Improper use or poor mainte-
nance can lead to accidents and fire
hazards.

This section provides basic guidelines
to prevent risks and ensure safe oper-
ation. All personnel must follow these
practices to maintain a safe working
environment.

6.1

Best .
Practices

The best defence against electrical fire is preven-
tion.

Beware of ignition sources like open flames, heat,
and high-power equipment.

Ensure adequate ventilation around objects that
heat up e.g. furnaces, hot plates, ovens, batteries,
etc.

Reduce fire load in the lab. This means minimising
combustible items in the lab.

Papers, binders, and manuals must be stored in en-
closed cupboards, away from hot objects.

Keep your workspace neat. Avoid the accumulation
of combustible materials like carton boxes, packag-
ing, thermocol, rags, paper waste, wipes, and chem-
ical waste.

Locate the closest fire exits, fire alarms, and extin-
guishers into your laboratory.

Each laboratory should be equipped with fire extin-
guishers. Contact OLSEH if you don't have one in
your lab or if it is not being serviced regularly.
Please learn the use of a fire extinguisher. OLSEH
conducts regular fire extinguisher training.

Please know your evacuation route and nearest ex-
its. OLSEH conducts regular mock fire drills.
Maintain a minimum of 2 feet of walking space to
exits.

Do not block access to fire escape routes. For ex-
ample, the stairs should be free of debris, nothing
should be stored in front of fire hoses, etc.

. Power Distribution Boards (PDB) needs to be la-

beled as per the power supply given and taken.
Daisy chaining of the electrical extension cords to
be avoided.

Keep all electrical sources like sockets, wires, elec-
trical extension cords etc. away from water sources.
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6.2

Electrical Safety

Access to electrical plugs and switches should
be unobstructed. There should be no barrier to
electrical panels and MCBs.

Ensure that electrical cords are in good condi-
tion.

No live electrical terminals should be exposed.
Don't use splicing, insulation tape, and other
forms of jugaad. Use professionally installed
electrical points and terminal boxes.

Don't overload an electrical outlet, e.g., don't
connect a 15 A device to a 5 A socket.

Minimise the use of power strips and extension
cords. Daisy-chain extension cords are not a re-
placement for permanent plug points.

Do not run cords through doorways or walk-

X . X Fig6.1 Avoid these bad practices
ways. Users can trip over them. Footfall inevi-
tably damages the wires, leading to shorts and
fires. Wires should always be in conduits on ceil- m. Electrical connections must not be handled with

ing or walls. If cables must be on floor, use floor
cord covers, not carpets.

Electrical equipment must be properly earthed.
The earth resistance must be less than 5 Ohm,
preferably less than 2 Ohm. The earth pits must
be maintained.

Two-pin appliances (ungrounded) must not be
within 5 feet of flammable materials.

All labs must have electrical panels with circuit
breakers. Ground fault circuit breakers are man-
datory for high power equipment.

Safety devices (e.g., fuses) on electrical equip-
ment should not be bypassed.

Electrical equipment must be disconnected
during servicing.

Do not disconnect the power supply by pulling or
jerking the cord from the outlet.

wet hands or near water.

Don't extinguish an electrical fire with water.

All fans, exhausts and AC units should have cool-
ing intervals during prolonged use to prevent
overheating, equipment failure, and fire risk. En-
sure regular maintenance.
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6.3 6.4

Heated UPS & Batteries

Equipment

Be careful of devices that a. UPSis a common but significant fire risk.

heat up during operation, b. Vented lead-acid batteries generate some hydrogen and oxygen during
like hot plates, box furnaces, operation. Inadequate ventilation and ignition sources can cause ex-
heating mantles, hot air guns, plosions.

and oil baths. c. Batteries also have hot acids, so chemical hazards are severe.

The unit should ideally have

an automatic safety shutoff 6.4.1 Battery Types

that triggers in case of over-
heating.

Heating units without an au-
tomatic shutoff cannot run
unattended.

Maintain the equipment as

UPS uses three kinds of batteries: vented lead-acid (VLA), valve-regulat-

ed lead-acid (VRLA), and sealed or maintenance-free lithium-ion batter-

ies. In addition, labs can have lithium-polymer and commercial consum-

er-grade batteries.

6.4.2

Vented Lead-Acid (VLA) Batteries

per the manufacturer's spec- a. Vented lead-acid batteries are commonly called “flooded” or “wet cell”
ifications. batteries.

Flammable or combustible b. VLAs are exceptionally reliable, so failures are uncommon until half-
solvents should not be near way through their 20-year pro-rated life. The most common failure is a
a heated bath. Oil baths must short circuit, and even that is not an emergency, provided the fault is
always be housed in a chemi- localised.

cal fume hood. c. VLA batteries are immune to thermal runaway, a condition that plagues
Make sure there is adequate VRLA batteries.

ventilation around heated d. Flooded lead-acid batteries can be charged at high voltage settings,
equipment. which improves performance.

e. VLA batteries have lead plates submerged in sulphuric acid electrolyte.
The electrolyte depletes over time, so distilled water must be added
periodically.

f. Acid is corrosive, so workers must wear PPE when servicing the bat-
teries. Acid also reacts violently with metals, strong oxidisers, and wa-
ter. Contact with metals may produce toxic sulphur dioxide fumes and
flammable hydrogen gas.

g. Also, hydrogen is produced during charging. The hydrogen is evacu-

ated through vents. Hydrogen is highly flammable and explosive, so
VLA batteries must be installed in a dedicated battery room with six air
changes per hour.



6.4.3

Recombination Valve-Regulated Lead-

Acid (VRLA) Batteries

a.

VRLA batteries are sealed, usually with polypropyl-
ene. Also, the electrolyte is immobilised in a gel or
absorbent glass mat. So, there is no sloshing acid
that can leak.

The oxygen generated from the positive electrode
during charging diffuses to the negative electrode,
producing water:

Pb+H,SO, + %20, — PbSO, + H,0

The reaction suppresses hydrogen evolution at the
negative electrode, allowing the cell to be sealed.
The recombination efficiency is not 100%, so some
H, is released.

“Valve-regulated” refers to the method of H, re-
lease. The valve will vent when it reaches a certain
pressure, generally below 10 psig.

VRLA batteries produce 60 times lower H, than
VLA. So, they can be housed without active venti-
lation. VRLA batteries don't need a dedicated room
either.

However, VRLA batteries are prone to “thermal run-
away”, triggered by charger overvoltage. To prevent
the failure, the safety valves open and the battery
vents hydrogen until the temperature and/or volt-
age are reduced.

VRLA batteries are usually set to a lower voltage
limit, which shelters the battery at the cost of lower
performance.

6.4.4 Lithium Ion Batteries

a.

Compared to lead-acid, lithium-ion batteries are of
a small size, lightweight, have a high cycle-count
(charge-discharge cycles), faster recharge times,
and built-in battery management (not just monitor-
ing).

Thermal runaway in lithium-ion batteries has re-
ceived a lot of attention. To control it, Li batteries
have a battery management system (BMS) in each
battery, as well as a system-level master controller.
The BMS manages charge current, voltage, and cell
voltage balance, reducing the chance of overtem-
perature.
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If temperatures rise above safe levels, the BMS will
independently disconnect the battery or string via
multiple different means and notify the user via the
battery cabinet monitor and an alarm on the UPS.

6.4.5 Lithium-Polymer (LiPo) Batteries

a. High energy density, lightweight, and widely used
in drones, robotics, portable electronics, and lab
prototypes.

b. Chemically unstable compared to cylindrical lithi-
um-ion cells. Require special care in charging and
storage.

c. Store at 15-25°C; avoid freezing or overheating.

d. Store at 30-50% charge (3.7-3.9 V/cell).

e. Very low internal resistance — can discharge at
high current rates.

f. Flexible pouch construction (not rigid casing) —
prone to mechanical damage and swelling.

g. Require Battery Management System (BMS) for
safe charging/discharging.

h. Charge on non-flammable surfaces, away from
flammable materials.

i. Never leave Li-Po batteries charge unattended.

6.4.6 Small Consumer Batteries

a. These are consumer-grade small batteries e.g., pri-
mary (non-chargeable) AA, AAA, C, D, 9V, coin/but-
ton cells, or secondary (rechargeable), NiMH (AA/
AAA), lithium coin cells (LIR series).

b. The capacities are small, so they are usually safe.
However, they can present hazards if mishandled,
especially button cells and rechargeable batteries.

c. Old or over-discharged cells may leak KOH, NaOH,
or ZnCl,, which are corrosive

d. Loose storage may cause short circuit, heat build-
up, or burns.

e. Rechargeable NiMH or lithium coin cells can over-
heat and catch fire.

6.4.7 Good Practices

Read the datasheet and MSDS of batteries.

a.

Store batteries in a cool place, away from sunlight.
The ideal storage temperature for most batteries
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is 10°C and 20°C. However, this differs, so consult
the label.

b. Keep the battery away from sparks, heat sources,
or fire. Do not store batteries near other hazards
like cylinders and chemicals. There must be a sep-
aration, like a physical barrier or 20 ft of space.

c. The batteries and control electronics produce heat.
The installation must be in a ventilated area.

d. Lead-acid batteries need ventilation. VLA batteries
need active ventilation, else H, may build up.

e. Do not store loose battery cells together as this
poses a risk of short circuit.

f. Recharge batteries only with recommended char-
gers with well-designed battery management sys-
tems (BMS). BMS monitor and manage cell voltage,
cell current, cell temperature, cell charge balancing,
charge control, and internal short circuit detection.

Table 6.1: Common issues related to batteries &
UPS that must be avoided

S. No. Issues

1. VLA batteries should be stored in a separate cabin with
active ventilation of 6 ACH.

2. UPS and batteries stored together.

3. Poor housekeeping. Battery is surrounded by empty
cartons, packages, etc.

1. VRLA batteries cannot be stored in a poorly ventilated
or congested area. Batteries should not be beneath
tables, inside closed cabinets, etc.

2. Battery is sharing storage with a metal toolbox.

1. VRLA batteries cannot be stored in a poorly ventilated or
congested area.

2. UPS and batteries are stored together.

3. Poor housekeeping. Battery covered with dust and near
empty boxes, packaging, and wires.

1. Poor housekeeping. Battery covered with dust.
. Wash basin (water) near the battery.
3. Drips from basin are arrested by a bucket (jugaad tech)!
1. VRLA batteries cannot be stored in a poorly ventilated
area.
2. Compressed gas cylinder is installed near the battery.

1. UPS and battery are stored together.
Poor housekeeping near the battery.

Overcharging a battery can result in thermal run-
away. Monitoring the state of charge is essential.
Do not mix batteries with different ages, capacities,
makes, or chemistries.

Regular periodic maintenance goes a long way to-
wards preventing unsafe situations.

Remove small batteries from portable devices if
unused for long periods.

Old batteries must be replaced before end-of-life.
Old, uncharged, or undercharged batteries may
have built-up gases, which can explode. If you see
a deformed or “bubbled” battery, do not charge it.
Electrolyte spills must be handled as a chemical
spill. Use non-combustible spill kits. Do not dis-
charge un-neutralised acid to the sewer.

At room
Keep at temperature
a distance of 10° to 20°C

20 Feet

A h
AY |
— W
-y

6.4.8 Battery Room

a.

=

The battery room for lead-acid batteries should be
well-ventilated. Forced air ventilation is preferred.
Simple windows are not enough. A good practice
is to install an inverted funnel exhaust for each bat-
tery. Exhaust fans or blowers may be interlocked to
switch ON if gas sensors detect H,.

The fresh air volume of the battery room must
meet EN50272-2001 requirements.

The ambient temperature must be stable. Tem-
perature is a major factor in determining battery life
and capacity. The nominal operating temperature
of the battery is 20°C.

Keep batteries away from heat sources.

Batteries may get damaged during transport. Be-
fore installation, visually examine any dampness,
water, or damage to the packaging of a new ship-
ment. Do not install or charge damaged batteries.
Batteries should be mounted on racks and trays
which are resistant to the electrolyte.
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Table 6.2: Summary of storage requirements for batteries

Vented Lead-acid (VLA) Valve-Regulated Lead- acid Lithium-Ion Batteries

Separate Storage area
Ventilation
Ideal temperature

Distance from other hazards

Required

10-20°C

Housekeeping

PPE for the
storage area

Access control

Signboards

Electrical safety
shoes, goggles and acid-
resistant gloves

Entry only for specifically
trained personnel

Entry restricted;
Electrical hazard

i DANGER

ELECTRICAL
CLOSET
wiTROUT FERMISSION

(VRLA)

Not required
Forced ventilation with 6 ACH  Passive ventilation is ok

10-20°C

Electrical safety shoes

General entry allowed

Electrical hazard

A\

DANGER
HIGH VOLTAGE

Not required
Passive ventilation is ok

10-20°C

20 feet separation or physical barrier from heat sources, gas cylinders, etc.

No dust accumulation

Electrical safety shoes

General entry allowed

Electrical hazard

VN

DANGER
HIGH VOLTAGE

g. Use a secondary containment to collect any acidic  c¢. There must not be any sources of ignition nearby.
drips. Otherwise, the floors shall be acid-resistant. d. The distribution panel connecting the batteries,
h. Recommended personal protective equipment UPS, and load must have electrical protections like

for the battery room is acid-resistant face shields,
goggles, gloves, aprons, and boots.
Safety shower and eye-wash station must be with-

circuit breakers.

6.4.10 End-Of-Life & Disposal

in 25 feet of the battery room. a. Batteries must not be disposed in general waste.
Do notincinerate or “break” battery before disposal.
6.4.9 UPS Room b. Batteries must be discharged fully before dispos-
a. ltis preferable to install the UPS away from the bat- ing.
teries. The batteries can be located in a separate  c¢. OLSEH will arrange the pickup of all types of batter-
room, with a DC bus connecting the UPS and the ies. Users are required to fill out the electronic form
battery. circulated through the Campus Bulletin.
b. The UPSroom should be ventilated so the electron-  d. Batteries are picked up from designated hazardous

ics do not overheat.

e-waste bins.
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Fire
Extinguisher

PULL
AIM

SQUEEZE |

Fig6.3

lISc has installed fire extin-
guishers in all departments
and residential  buildings
across the lISc campus, includ-
ing Challakere. Fire extinguish-
ers are maintained by OLSEH
through an external vendor. For
any concerns, please contact
safety.olseh@iisc.ac.in.

Learn how to operate a fire
extinguisher. The mnemonic
PASS is often used to describe
fire extinguisher usage.

Use the correct type of extin-
guisher. The lab must have
extinguishers for the types of
hazards that are likely to occur.
Fire classification changes
with country. For the purpose
of this document, we shall fol-
low the Australian/European
system that goes from Ato F.
During mock drills, OLSEH
demonstrates the use of fire
hydrants. Security staff are
trained to use fire hydrants.

Aim nozzle
%lwlhebau of

4
et

How to operate a fire extinguisher (PASS technique)

6.6

Other Fire Safety

Infrastructure

Fig 6.4

All labs must periodically evaluate their fire preparedness.

Depending on the hazards, the department may need fire alarms, sprin-
klers, fire detectors, etc. OLSEH is responsible for installing and maintain-
ing fire safety infrastructure in all labs. If you are missing something, please
contact safety.olseh@iisc.ac.in.

All multi-storey buildings must have an operational fire hydrant loop. OL-
SEH maintains fire hydrant systems across campus through an external
vendor. During mock drills, OLSEH demonstrates the use of fire hydrants.
Security staff are trained to use fire hydrants.

All buildings with significant gas, electrical, or chemical hazards should
have a sprinkler system. OLSEH has installed these in all departments
buildings. OLSEH maintains sprinkler systems across campus through an
external vendor.

As per the Indian Building Code, all buildings of a certain size need fire
alarm systems (FAS) and public address systems (PAS). OLSEH has installed
FAS and PAS across campus. OLSEH maintains FASs and PASs through an
external vendor.

lISc has a documented Emergency Response Plan. lISc users are expected
to be familiar with it. You must know your role and expectations during an
emergency. Departments are encouraged to have their own evacuation
and emergency response plan that accounts for their specialised hazards.
OLSEH has installed safety signage, fire orders, and LED fire exit lights
across campus.

OLSEH has notified designated assembly points for buildings across cam-
pus.

OLSEH conducts regular mock drills to train students in emergency evacu-
ation, assembly, use of fire extinguishers and fire hydrants.

Symbol found on fire extinguishers
and what they mean

Wood, Paper and Textile

Flammable Liquids

Flammable Gases

Electrical Contact

x[x[x[x[<«
X [SISK8S
x|« [x[<«][x
< [x[x[x]«

Cooking Oils and Fats

Know your extinguisher




CHAPTER 7

Laser &
Radiation
Safety

Lasers can cause severe, often ir-
reparable, eye damage. Radiation
hazards commonly come from
radioactive sources, high-ener-
gy ionizing radiations like X-rays,
and high magnetic fields. Many of
these cause irreparable long-term
health issues.

OLSEH, Indian Institute of Science

7.1

Laser Safety

a.

A laser produces an intense, highly directional
beam of light. High-power lasers can cause dam-
age to the eyes and skin, and in extreme cases
cause blindness (Figure 7.1).

In general, we should never come in the way of la-

ser light. Do not stare at a laser, ever.

Fig7.1 Damage caused to eyes (retina and cornea) and

skin by highpower lasers.

7.1.1 Hazard

a.

Eyes are essentially transducers for visible light.
Light entering the cornea has an aperture of 7 mm
when fully dilated. This light is focused to a 10 to
20 pym point on the retina, a concentration of 105,
At high irradiance, the concentrated energy caus-
es local heating that burns the pigment epithelium
and the adjacent light-sensitive rods and cones.
This results in temporary or permanent loss of vi-
sion.

Table 7.1 below shows the calculated distances at
which lasers with typical beam spreads are dan-
gerous to the eyes. These are guidelines. Lasers
can be hazardous even beyond these distances.
Damage to the eye also depends on the laser
wavelength (Figure 7.2). Wavelengths within 380-
1400 nm go through the cornea and are absorbed
in the retina. Wavelengths shorter than 380 and
longer than 1400 nm are absorbed in the cornea
or lens. Either can cause significant damage to the
eye and is extremely painful.
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N7 e

SPECULAR REFLECTION
(Smooth Surfaces)

DIFFUSE REFLECTION
(Rough Surfaces)

Fig7.2 Specular vs Diffuse reflection of laser beam

d. Damage to the retina is usually irreparable, so
380- 1400 nm lasers are more dangerous.

e. However, given the lack of aversion, longer wave-
length lasers (>1400 nm) must be taken just as
seriously.

f. UV light is dangerous at all powers because UV
causes photochemical damage in addition to ther-
mal damage. This damage is accumulative even
at very low powers (See Section 7.1.3 on MPE &
Figure 7.2)

g. Pulsed lasers deliver all the power in very short

pulses (10 us to less than fs). So, Pulsed lasers
can have extremely high peak power but a low av-
erage power. Pulsed lasers are characterised by

UV-B
280nm - 315nm

IRA (NIR)
780nm - 1400nm | 1.4pm - 3pm

IRB IRC
3um-1mm

u-c UV-A VIS
100nm - 280nm  RAELIGEEEILTI 380nm - 780nm

Fig7.3 Effect of laser wavelength on various parts of the eyes. Retina

damage is irreparable. Cornea and lens damage is extremely painful.

Energy density (J/cm?).

h. A pulsed laser can also have a high pulse repeti-
tion rate (several MHz), so thousands of pulses
are delivered in the 0.25 s it takes for you to blink.

i. The biological effect of irradiance on skin can vary
from mild erythema to severe blisters. At very high
irradiance, pigmentation, ulceration, and scarring
of the skin and damage to underlying organs may
occur.

j.  Exposure can also be varied. Worst is a direct hit

from the primary laser beam. However, reflections
off a shiny surface can be just as bad. Reflections
off a rough surface are less severe but also com-
plex to detect, hence dangerous (Figure 7.3).

Low: MEDIUM Fig74
0 ' 10 o200 | o300 400 500 (p;(\]/’;ER M|L|;/UA0TTS) 800 900 (]13/0/:1TT) 1100 1200 1300 1400 o 155‘5‘[(; - Laser classifications
CLASS2 CLASS3R  OLASS B cLASS 4 based o pover levels
Table 7.1 ANSI/IEC Laser Safety Standards
Class Output Hazard Engineering  Training Regular Eye
Power control Test
1 Typically, when a laser is not accessible. Non-  Not required Not required Not required
hazardous to the eye
™ Hazardous when collecting optics (e.g., with Not required Not required Not required
microscopes)
2 0-1mW Hazardous only when the person overcomes Not required Not required Not required
aversion
2M Hazardous with collecting optics and/or Class ~ Not required Not required Not required
2 hazard
3R 1-5mW Hazardous when the person overcomes the Yes Not required Not required
aversion response
3B 5-500mW  Direct beam eye hazard. No serious injury from  Required Required Suggested
diffuse reflection to the eye or skin
4 >500 mW Hazard to the eye and skin from direct, Required Required Suggested

specular, or diffuse reflection. Fire hazard
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Table 7.2: Example calculations of Typical Optical Power for various laser classes and
the distance over which eye/ skin damage or fire hazards can occur

Skin burn distance Fire hazard distance

09m 0.6m
21m 1.4m
10.5m 7.0m
16.6 m 11m

creating damage, under worst-case conditions.
MPE depends on wavelength and exposure dura-
tion. IEC-60825-1 and ANSI Z136.1 standards in-
clude methods of calculating MPE.

The MPE as per IEC 60825 is given in Table 7.4.
For most CW lasers, an MPE of T mW/cm? is rea-
sonable. The only exception is deep-UV, whose
MPE is lower for exposures beyond 1 second.
MPE calculations for pulsed lasers are much more
complex. Standards like ANSI provide tables for
calculating MPE. Details are beyond the scope of
this document.

MPE values can also be calculated for skin expo-

sure.

7.1.4 PPE: Safety Eyewear

Fig 7.5 Laser Safety Goggle with Safety Rating

Laser Eye hazard distance or Flash blindness
nominal ocular hazard distance up to which
distance (NOHD) up to the beam power is
which beam power is > 100 pyW/cm?
>2.5 mW/cm?

Class 2 14 m 67 m

0.99 mW, 532 nm

Class 3R 32m 149 m

4.99 mW, 532 nm

Class 3B 158 m 747 m

499 mW, 532 nm

Class 4 250 m 1182 m

5W, 532 nm

7.1.2 Laser Classification

a. Lasers can be classified based on power, wave-
length, and mode.

b. Visible CW lasers (400—-700 nm) are categorized

into classes based on their power. Modern ANSI/
IEC classification is preferred (see table below).
Class 1 lasers have the lowest hazard, and Class 4
lasers have the highest. Exposure time is expect-
ed to be < 0.25 s. The system assumes that the
user will have an aversive reflex to prevent longer
exposures.

c. Non-visible IR lasers (> 700 nm) do not generate
any aversion reflex. This significantly increases
the possibility of more prolonged exposure, which
is very dangerous. Even at lower powers, there is a
significant risk of losing eyesight.

d. UV lasers (180 to 400 nm) are another class of
non-visible lasers. Due to their very high photon
energy, UV lasers are dangerous at all powers. The
exposure limits are lower than those of other la-
sers (See section on MPE)

7.1.3 Maximum Permissible Exposure

a. The safe levels for the eyes are given by the Maxi-

mum Permissible Exposure (MPE). MPE is usually
about 10% of the dose that has a 50% chance of

Appropriate eye protection must be worn with
Class 3 and above lasers. Eye protection is also
required for any non-visible laser.
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7.1.5
a.

b.

Always wear laser safety glasses whenever lasers
are in the same room, irrespective of whether you
are using that laser or not.

Laser safety eyewear reduces the intensity of the
laser beam. The amount of attenuation depends
on the class and wavelength of the laser.

Safety eyewear must follow the ANSI Z136, IEC
60825, or EN 207. These standards correlate safe-
ty with transmittance. Transmittance (T) is speci-
fied by optical density. Higher OD is higher protec-
tion.

Calculate the intensity of the CW laser (E, ) in mW/
cm?. If the beam diameter is more than 7 mm, use
the eye aperture area (0.385 cm?) to calculate in-

Peak Power Min OD
10 mW/cm? 1
10® mW/cm? 3
10° mW/cm? 6

tensity. Otherwise, use beam diameter to estimate
intensity.

Check the MPE from Table 7.4. For most wave-
lengths, an MPE of 1 mW/cm? is reasonable.
Calculate the required minimum OD for eyewear.

OD > log,, (—m%;;mz)

For pulsed and mode-locked lasers, use the Euro-
pean standard, EN207 (See Table 7.3). EN207 ac-
counts for mode, power, and pulse duration.
EN207 establishes an Lb-Rating. Lbn is like OD.
Higher Lbn, means more protection.

The correct choice of laser safety is nuanced. Al-
ways discuss the need with your PI.

PPE: Clothing

Diffused reflection from Class 4 lasers is hazard-
ous to the skin and eyes. To minimise exposure,
wear full-sleeved clothing. This can be aprons or
lab coats. Full shirts and trousers made of tightly
woven fabrics can also be used.

For class 4 lasers, sun screens are a good idea.

7.1.6  Other Engineering Controls

a.

1.7

The following engineering controls are needed for
class 4 and non-visible lasers. They are also good
practice for class 3 lasers.

The laser must be confined to an optical table or
an enclosed beam path.

The optical table should have laser safety curtains,
laser barriers, and blackout materials to prevent
light from leaving the experimental setup area.
Carry out experiments on an optical table such
that all laser beams travel horizontally.

A warning light must be installed at the entrance
of the door.

Safety eyewear must be stored outside the room
or in a partition housing the laser.

Best Practice

Wear PPE at times, irrespective of the laser con-
dition.

Always check if the laser safety eyewear is ade-
quate for the laser before use.

Never look directly at the laser beam. Even if you
are wearing PPE.

For Class 2 lasers or above, post appropriate warn-
ing signs and labels near the laser and rooms.
Rooms with Class 3 lasers or above must have all
windows and doorways blacked out so that the la-
ser never leaks out.

Class 3 lasers and above must be installed in a
dedicated workspace, with wall-to-floor partitions.
No safety eyewear works at all wavelengths, so
simultaneously using lasers with different wave-
lengths in the same area is dangerous.

Do not use a class 3 or above laser with tele-
scopes, microscopes, or alignment devices with-
out approval from the PI. This can increase the
irradiance and hence the hazard.

Turn off the laser before making any changes to
the optics in the beam path.

Do not place laser beams at eye level.

Do not allow objects that cause unexpected re-
flections in the beam path, e.g., metallic buttons,
screw heads, watches, or jewellery.



Be aware that lenses and other optical devices
may reflect a portion of the incident beam from the
front or rear surface.

Operate a laser at the minimum power necessary
for any operation.

. Exposure to laser radiation must be kept below the
MPE under all conditions of operation or mainte-
nance.

The general illumination level of the lab should be
high so that the pupils can read it, reducing the
hazard.

Removal of protective housing or system modifica-
tion can increase a laser’s classification. Beware!!
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Table 7.3 Laser Mode, Energy Symbol, and Pulse
Duration Classification

Laser Mode Energy Symbol Pulse Duration

Continuous Wave D >0.25 seconds

(cw)

> 1 micro second
-0.25s

Pulsed Mode |

1 nano second
-1us

Giant Pulsed Mode R

Mode Locked M <1 nano second

Table 7.4 Laser Optical Density (OD) Requirements by

High P High P
Wavelength, Mode, And Energy A;{gEA 10 wer A;lgEA 5? wer
. Optical Table ?g]ﬁzﬂl
Wavelength Laser Max Power Min LBn
Mode Density (P) or
Max Energy DOOR
Density (E) ! Lower Power
DOOR I 1 AREA 4
X Optical
180-315nm D 1x107 W/cm? IOg1o(P)+3 High Power DOOR 1 ng?zfza
AREA 2 |
&R 3x103J/cm? log, ,(E/3)-1 ! Light Shielding
1 Curtain
M 3x10% W/cm? |ng(P)—1 0 Optical Table S;o
&
315-1400nm D 1x10° W/cm? log,,(P)-1 Desk Space
%)
| &R 5x107J/cm? log,,(E/5)+3 & Flectrical
DOOR  Storage Bench
M 1.5x108W/cm?  log, (E/1.5)+4
Fig7.6 Layout of the high-power laser lab
. -1 -
1.40-1000um D 1x10" W/em? IOgW(P) 3 at CeNSE, showing separate workspaces.
f.
&R 1x102J/cm? log, (E)-2 Courtesy Prol. Suptadecpa
M 1x10*7 W/cm? log,,(P)-11
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Ultraviolet Guidelines of
Safety Radiological Safety
of Sealed Sources

All radiations of wavelengths
shorter than 350 nanometers
should be considered danger-
ous.

Protective safety eyewear with
UV-absorbing lenses should be
worn if there is a chance of ac-
cidental eye exposure.

Skin exposed to intense UV ra-
diation may result in skin dam-
age and should be adequately
protected.

Radiation can cause painful burns. So, be fully clothed while working un-
der UV radiation. UV lights are often used to sterilize indoor spaces. In
such cases, please make sure the room has tinted/plastic windows so
that UV light does not escape.

GIC 5000/BI 2000 is a self-contained, dry source storage chamber of
Category |, sealed gamma radiation emitting source of high intensity.
The gamma radiation-emitting sources are often Caesium or Cobalt 60.
Such sources are mainly used for irradiating blood/tissue or even small-
sized animals. The exposure rates measured at 1 meter from the acces-
sible surface of the GIC should be within the permissible limit.

7.3.1 Sealed sources (Gamma Irradiation Chambers-GIC 5000 /

Blood Irradiator 2000)

a. Be familiar with the basic design, operation, and preventive mainte-
nance of the GIC unit, including procedures for routine operation and
handling emergency situations.

Table 7.5 Maximum permissible exposure limits, as per AERB
directive no. 01/2011
Public

Occupational Worker Apprenticeship &

Trainee

an effective dose of
1 mSv in a year;

an equivalent dose
to the lens of the
eyeof 15mSvina

an effective dose of = -
6 mSvin a year;

an equivalent dose -
to the lens of the

eye of 50 mSvina

« an effective dose of | *
20 mSv/yr running
averaged over five | -
years

« an effective dose of

30 mSv in any year; year; year; and

+ anequivalentdose @+ anequivalentdose - anequivalent dose
to the lens of the to the extremities to the skin of 50
eye of 150 mSvina (hands and feet) of mSv in a year.

year, 150 mSv in a year
+  anequivalent dose and

to the extremities + anequivalent dose

(hands and feet) of to the skin of 150

500 mSv in a year mSv in a year

+  anequivalent dose
to the skin of 500
mSv in a year;



7.3.2

Operate the GIC unit as per the standard operating
procedures (SOP) prepared by Radiation Safety
Officer (RSO) from the detailed instruction manual
provided by the manufacturer/ supplier of the GIC
unit.

Follow all applicable rules and regulations for the
safe operation of the GIC unit.

Ensure proper handling and placement of the sam-
ple/product inside the sample chamber based on
the dose profile of the sample chamber.

Maintain a logbook for the use and operation of
the unit, including personnel details and details
about the samples/ objects under irradiation, dose
rate, dose delivered, and time of irradiation.

Make proper use of protective equipment, radia-
tion monitors, and personnel monitoring devices
as provided.

Report to RSO/licensee of any issues related to
the safe operation of the GIC, including the cir-
cumstances that could adversely affect the safe
operation of the GIC unit.

Be familiar with area security safeguards such as
locks, posted signs, warning lights, and interlock
systems.

In case a female worker becomes aware of being
pregnant, notify the employer, licensee, and RSO
so that the working conditions can be modified as
necessary.

Decommissioning and Disposal

Procedure:

a.

d.

Licensee shall obtain prior approval from the Com-
petent Authority for decommissioning, transport,
and safe disposal of radioactive material by sub-
mitting the application in the prescribed format.
Upon obtaining the approval for decommissioning,
the licensee should approach the manufacturer/
supplier for decommissioning and transportation
of disused sources in the GIC unit.

The room housing the GIC can be released for any
other use by the institution only after decommis-
sioning of the GIC installation.

The transportation of GIC units from the manufac-

7.3.3
a.
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turer/supplier institution to the user institution and
vice-versa should be carried out by adhering to the
security guidance specified in AERB Safety Guide
on ‘Security of Radioactive Material during Trans-
port’' [AERB/NRF-TS/SG-10, (2008)].
the

source must be characterized: radionuclide con-

Before disposal/transfer, spent/disused
tent, activity, history, inventory etc.

Integrity of the sealed source must be verified; if
the housing is contaminated / damaged or there's
risk of leakage/ contamination — special precau-
tions must be taken

Sources must be packed, marked, labelled and
transported in compliance with AERB transport
regulations

If not immediately returned, an exclusive safe and
secure storage facility (temporary storage) must
be provided until transfer/disposal.

If the source housing or associated device is
contaminated (fixed or non-fixed contamination),
then those components must be separated and
treated as radioactive waste. Such waste must be
disposed of via authorised waste-management
routes.

Disposal or transfer (return to supplier or to autho-
rised waste manager) requires explicit prior au-
thorisation from AERB.

Transfer for disposal abroad (export) also requires
permission from AERB, and compliance with both
domestic and international transport regulations.

Emergency response plan:

The emergency response plan should be as per
Rule 33 of the Atomic Energy (Radiation Protec-
tion) Rules, 2004, in coordination with the Radi-
ation Safety Officer (RSO), which envisages var-
ious emergency scenarios/situations that may
be encountered, and action plans for responding
to emergencies to mitigate their consequences.
To ensure prompt, safe, and coordinated actions
during incidents involving sealed radioactive
sources, including:

+ Loss or theft of a source
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+ Suspected or confirmed damage to the sealed
source capsule

+ Fire, explosion, or natural disasters involving
the source

« Accidental exposure to personnel

+ Transport accidents involving a source

STOP—Warn—Evacuate

+  Stop the operation immediately

+  Warn all personnel in the area

+ Evacuate non-essential persons

+  Prevent public entry into the affected area

Initial Radiation Survey

+ Performed by the Radiation Safety Officer
(RSO) using:

+  Survey meters (GM detector)

+ Dosimeters

Establish Controlled Zones

+ Hot Zone: High radiation—entry only with RSO
authorisation, barricade the area to prevent un-
authorized access/entry.

Specific Emergency Scenarios & Required Actions

i. Dropped or Damaged Source Capsule

+ Do not touch the source

+ Evacuate and restrict entry

«  Survey to verify if capsule integrity is intact

+ Ifleak suspected — treat as contamination inci-
dent, apply wipe tests

+ Inform AERB immediately

ii. Fire in Source Storage or Facility

+ Use fire extinguishers without approaching the
source

«  If safe: isolate electricity, close fire doors

+ Afterfireis controlled, RSO performs a radiation
survey

« Ensure source is intact and shielding is effec-
tive

*  Reportto AERB

iii. Loss or Theft of Sealed Source

+  Notify RSO, employer, local police immediately

*  Preserve CCTV, records

+ Evacuate & secure the facility

+ Inform AERB within 24 hours (immediately for
high-activity sources)

iv. Transportation Accident

+ Follow instructions in Transport Code

+ Secure area, warn public, and prevent ignition
sources

+  Notify AERB, consignor, and local authorities

+ Radiation survey before moving the package

Incident Report to AERB (Mandatory) Include:

+  Description of incident

+  Source type, activity, category

+  Personnel doses

+ Corrective actions

*  Preventive measures

Post-Emergency Actions

+ Final radiation survey

+  Medical evaluation of exposed workers

+ Root-cause analysis

+ Implementation of corrective & preventive ac-
tions

+  Submission of detailed report to AERB
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Guidelines of Radiological Safety

of Unsealed Sources

Setting up a radiological laboratory at IISc requires
a systematic approach based on the Atomic Energy
Regulatory Board (AERB) guidelines. The process in-
volves classifying the lab, ensuring proper facilities
and equipment, and adhering to strict safety proto-
cols for handling radioactive materials.

7.4.1
First, we must determine the appropriate lab classifi-

Laboratory Classification

cation based on the specific radionuclides used and

the planned activities.

Radionuclides are categorised into four groups

based on their radiotoxicity.

a. Group I: Extremely high radiotoxicity, including
P02'% Ra2%, Py, Am2*'etc.

b. Group IlI: Highly toxic, like 1'%, Co®°, and Cs'*" etc.

c. Group lll: Medium to low toxicity, like C'4, P32, S,
and "% etc.

d. Group IV: Low toxicity, like H3, C'4, P32 etc.

7.4.2
Based on the Type and quantity of radionuclides

Laboratory Type

being handled, laboratories are classified into three
types. The quantity is measured in becquerels (Bq), a
unit of radioactivity.

Table 7.5 Laboratory Type Classification by
Activity.

Group of Type I Type I Type III
Radionuclides (Low) (Medium) (Stringent)
I <185kBq 185 kBg- > 185 MBq
185 MBq
I <1.85MBgq 1.85MBg- >1.85GBq
1.85 GBq
&V <18.5MBq 18.5MBg- >18.5GBq

18.5 GBq

For example, using normal chemical operations with
less than 1.85 MBq of a Group Il radionuclide would
require a Type lll laboratory. However, handling more
than 1.85 MBq of the same radionuclide would ne-
cessitate a Type Il laboratory. You must choose the
lab type corresponding to the highest activity and
most toxic material you plan to handle. At lISc, we
have Type-l at MBU and Type-ll at DBG, MCB and BC.
Type Il lab will need special permission.

7.4.3
Once the laboratory type is determined, we must en-

Lab Requirements

sure the facility meets the specific requirements for

that classification as per AERB (SC/LAB/01, 2016).

The following are basic requirements for all labs:

a. Dedicated rooms or partitions with strict and
logged access control.

b. Table and floor surfaces that are non-absorbing,
smooth, unbroken, and easy to decontaminate.
Porous materials like wood or concrete are forbid-
den.

c. Contamination monitor

d. GM Counter

e. Dedicated storage that is not shared with non-ra-
dioactive materials.
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Exposed X-ray Depending on the
%\, sources and self- instrument, may need
| % designed equipment | thermoluminescent
i may need to be | dosimeter (TLD),
registered with AERB | atype of radiation
onelLORA | dosimeter

Fig 7.7 Requirements of AERB registration and TLD dosimeter

f. PPE: lab coats or aprons, disposable nitrile gloves,
closed shoes (no sandals), and safety glasses. Re-
place with safety glasses with goggles if splashing
is possible.
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Table 7.6 Additionally, labs must have the following, depending on the Type

Type I (Low)

General Specialised lab

description

Layout At least two rooms,
one for handling
materials and one
for counting or
preparation samples.

Surface

Work-area Bench or table, but
only if gaseous
release is not
expected

Ventilation Proper ventilation

(airinlet) with 6 to 12 air
changes per hour

Exhaust

(air outlet)

from glove

box, hood &

storage

Negative -2.5t0-8Pais

room recommended

pressure

Storage Ordinary chemical
storage with exhaust

Additional -

PPE

Additional -

Monitoring

Type II (Medium)

Specialised lab with exhaust, fume
hood, & intrusive monitoring.

Three or more rooms for storage,
preparation, and handling

Non-absorbent & smooth wall surfaces

All work inside the fume hood with -50
to -200 Pa relative pressure

Active AHU with 12 to 15 air changes
per hour

1. No air recirculation

2. Dedicated exhaust system
discharging air 120-150 cm above the
roof of the tallest surrounding building

-10 to -20 Pa.

Pressure cascades from corridor —
prep room — main lab — fume hood/
glove box.

Storage safe made of concrete,
steel, or lead for shielding with ex-
haust(Thickness of lead cabinet
4-6mm)

1. Antistatic & disposable overall
(e.g. Tyvek)

2. Double disposable gloves.

3. Safety goggles, plus a face shield
if splashing is possible.

4. N95 masks

5. Head cover

6. Dedicated shoes or shoe covers

Radiation survey meter and
contamination monitor.

Type III (Stringent)

Very specialised labs, like a cleanroom
or BSL3/4 lab.

Three or more rooms for storage,
preparation, and handling

Non-absorbent & smooth wall surfaces.

All work inside a dedicated glove
hood with -200 to -250 Pa relative
pressure

Outlet connected to exhaust.

Active AHU with 15 to 20 air changes
per hour

1. No air recirculation

2. Dedicated exhaust system
discharging air 120-150 cm above the
roof of the tallest surrounding building
3. Inline HEPA filter & charcoal filter

-20to -30 Pa

Pressure cascades from corridor

(0 Pa) — gowning area (-5 Pa) — main
lab (-15to -20 Pa) — containment
room (-25 to -30 Pa).

Glove box with exhaust

1. Full protective suit (e.g. Tyvek). May
need a lead apron.

2. Double gloves that are changed
often.

3. Safety goggles, plus a face shield if
splashing is possible.

4. P100 respirator or PAPR

5. Head cover

6. Dedicated shoes or shoe covers.

Radiation survey meter and
contamination monitor.



g. Remote handling tongs and remote pipettes.

h. Foot-operated dust bins.

i. The airflow should move from areas of no activity
to areas of low, medium, and then high activity

j-  Unique personnel dose monitoring (TLD) badges
for each user. OLSEH issues these free of charge.
You must surrender the old one and get a new
badge every quarter.

7.4.4 Operational and Safety Protocols
Finally, the laboratory must follow the strict opera-
tional and safety guidelines of AERB to prevent con-
tamination and exposure.
a. General Guidelines
Lab Grouping: All rooms for a radioisotope
laboratory should preferably be grouped.

+ Facility Usage: Experiments must be con-
ducted in the appropriate approved facilities
by AERB. For example, if the limit for a Type |
lab is exceeded, the work must be moved to a
Type Il facility.

+ Segregation: Ensure sufficient area is allocat-
ed for each task, including receiving and stor-
ing radioisotopes, preparation and application
of nuclides, sample counting and measure-
ment, and temporary storage and disposal of
radioactive waste.

+ Containment: Fume hoods and glove boxes
are mandatory for containing hazardous ma-
terials in Type Il and Il labs, to prevent the
spread of radioactivity.

+ Decontamination: All surfaces must be easily
decontaminated. Flooring should be non-po-
rous.

+  PPE: PPE should be worn at all times. At the
very basic, this means lab coats or aprons, dis-
posable nitrile gloves, closed shoes (no san-
dals), and safety goggles. Replace with safety
glasses with goggles if splashing is possible.
Type Il and Il labs will need more.

+  Personnel: Personnel monitoring badges must
be worn to track radiation exposure. People
must attend OLSEH offline radiological safety

@ Pk
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training in every six months. People must at-
tend radiological safety test before handling

radiological works.

& ment/)

(Link here https://olseh.iisc.ac.in/assess-

Shielding: Appropriate shielding (e.g., lead or

concrete) is essential for protection against
gamma radiation.
Training: AERB mandates training for profes-
sionals working with radiation sources. OL-
SEH training attendance is must for all the
users of 11ISc. OLSEH will conduct radiological
safety training in every six months.

Segregation & Classification of Waste AERB

guidelines mandate the segregation of radioactive

waste at the point of generation. This means sep-
arating waste based on:
Physical state: Solid, liquid, or gaseous.

+ Isotope: Isotopes with short half-lives (e.g.,
P-32, I-131) are separated from those with
long half-lives (e.g., C-14, H-3).

+ Activity level: Low-level, intermediate-level,
and high-level.

+ Chemical and biological properties: For exam-
ple, liquid waste containing hazardous chemi-
cals must be managed separately.

The AERB empha-

sises the principle of “as low as reasonably

+  Waste Minimisation:

achievable” (ALARA) in waste management,
which includes minimising the generation of
radioactive waste.

Packaging and Containment

+ Approved Containers: Waste must be placed
in substantial, secure containers to prevent
leakage, spillage, and contamination. The con-
tainer should be appropriate for the Type and
activity of the waste.

+ Labelling: Each container must be clearly and
conspicuously labelled with the trefoil symbol
(international symbol for radioactivity), the
name of the radionuclide, the activity in Bec-
querel (Bq) or Curie (Ci), and the date of waste
generation.

79



80 ‘ Safety & Emergency Protocols

Shielding: Adequate shielding, such as lead
containers or lead foils, should be used. This
is particularly important for gamma-emitting
isotopes.

Trained Personnel: Only personnel who have
undergone appropriate radiation safety train-
ing and are authorised by the RSO can handle
and transport radioactive waste.

Use of Carts and Trays: The containers should
be transported on a trolley or in a secondary
containment tray to prevent accidental drops
and spills, especially for liquid waste.

d. Disposal of radiological waste at lISc:

The cans carrying the liquid waste must be
filled only to three-fourths of the can’s capacity.
These cans must be closed tightly (in addition
to the lids, stoppers are compulsory) and sealed
with tape. Any radioactive spillage resulting
from negligence or improper sealing would be
brought to the notice of the respective Pl and
RSO.

The radioactivity solid waste must be packed in
a cardboard box (BRIT box or Axygen box) and
must be well-sealed.

The box should have the following details: Pl/
lab name, radioisotope name, date of purchase
and disposal, volume, and activity.

Radioactive waste arising from different iso-
topes must be compulsorily packed separately
and labelled precisely.

OLSEH will publish email with waste disposal
google form in lISc intra groups for the disposal
of radiological wastes one time in a month.

In general, OSLEH follows the second Thursday
of each month for the disposal of radiological
waste.

Radiological waste pick up vehicle will attend
the requested waste pick-up locations at de-
partment.

People must bring wastes in LEAD cabinet trol-
leys with the details of radio isotopes waste in
waste disposal forms.

OLSEH will transport waste to the designated

radiological waste shed at IISc for the storage.
People must wear TLD badges while transport-
ing radiological waste to the pickup vehicle or
to the waste shed.

e. Emergency Response in Case of Spill or Exposure

Immediate Action: Stop, Warn, and Isolate
Stop the spill: The first and most critical step is
to immediately stop the source of the spill, if it
can be done safely without further contamina-
tion. This could involve up righting a container
or turning off a valve.

Stop all work: All personnel in the immediate
vicinity should stop what they are doing to as-
sess the situation.

Warn others: Alert other individuals about the
spill to prevent them from entering or spread-
ing the contamination.

Isolate the area: Immediately cordon off the
contaminated area with ropes, warning signs,
or other barriers. This creates a “controlled
area” and prevents unauthorised entry.

Notify the Radiation Safety Officer (RSO):

The designated RSO of the institute must be
notified immediately. The RSO is the key per-
son responsible for responding to a radiologi-
cal emergency.

f. Personnel Decontamination and Monitoring

Check for personal contamination: Anyone
who may have been in contact with the spilt
should
hands, clothes, and other exposed body parts

material immediately check their
using a contamination monitor.

Remove contaminated clothing: If clothing is
contaminated, it must be carefully removed
and placed in a designated plastic bag or
container for radioactive waste. It's crucial to
remove clothing in a way that avoids further
spreading the contamination.

Wash contaminated skin: Contaminated skin
should be thoroughly washed with mild soap
and water. Care must be taken not to abrade
the skin, as this can facilitate the intake of ra-
dioactive material.
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+  Monitor after washing: The affected body ar-
eas should be monitored again after cleaning
to ensure that contamination has been re-
moved.

Spill Cleanup and Decontamination
ALARA Principle: The cleanup process must
be conducted in line with the “As Low As Rea-
sonably Achievable” (ALARA) principle, which
means minimising radiation exposure as
much as possible.

« Personal Protective Equipment (PPE): Per-
sonnel involved in the cleanup must wear ap-
propriate PPE, including lab coats, disposable
gloves, shoe covers, and, if necessary, respira-
tors or face shields.

+  The spilt liquid should be contained and ab-
sorbed using absorbent paper or pads. A
moistened absorbent paper can prevent dust
from becoming airborne for solid spills.

+ The cleanup should proceed from the perim-
eter of the spill towards the centre to prevent
the spread of contamination.

« All contaminated items must be placed in a
clearly labelled radioactive waste bag or con-
tainer, including gloves, absorbent paper, and
other materials.

+  After the visible spill has been cleaned up, the
area must be surveyed meticulously with an
appropriate radiation monitor to ensure that all
residual contamination has been removed

Incident reporting & Investigation

+ In case of any radiological violations, spillage,
contamination, modification of radiological
practices, or unauthorised access, please in-
form 1ISc RSO immediately.

+ A comprehensive report must be prepared us-
ing the incident report template

+  The RSO will conduct a detailed investigation
of the incident to determine the cause of the
spill, the radiation doses received by person-
nel, and the effectiveness of the response.
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CHAPTER 8

Cryogenic

Salety

Cryogenic liquids are liquefied
gases that are maintained at very
low temperatures. Since these lig-
uids are extremely cold and can
expand to huge volumes of gases,
they are safety hazards.

8.1

Types of
Cryogenic
Liquids

Inert gases: Inert gases do not react chemically.
They do not burn or support combustion. Exam-
ples are nitrogen, helium, neon, argon, and krypton.
Flammable gases: Some cryogenic liquids pro-
duce gas that can burn in air. The most common
examples are hydrogen, methane, and liquefied
natural gas.

Oxygen: Many materials considered non-combus-
tible can burn in the presence of liquid oxygen.
Organic materials can react explosively with lig-
uid oxygen. Therefore, the hazards and handling
precautions of liquid oxygen must be considered
separately from those of other cryogenic liquids.

Fig8.1A  Liquid dewar flasks of different sizes

Fig8.1B  Laboratory liquid dewar flask




8.2

Types of Cryogenic
Liquid Containers

Vent
Tube

Liquid
Tube

Float I

Assembly

Fig8.2

Cryogenic liquids are stored in thermally insulated
containers. These cryogenic liquid containers are
designed to withstand rapid and extreme tempera-
ture changes.

Liquid dewar flasks: Liquid dewar flasks are
non-pressurised, vacuum-jacketed vessels, some-
what like a Thermos bottle. They should have
a loose-fitting cap or plug that prevents air and
moisture from entering, yet allows excess pres-
sure to vent. Flasks containing helium, hydrogen,
and other low-boiling liquids have an outer liquid
nitrogen vessel for insulation (Figure 8.1).
Laboratory liquid dewar flasks: Laboratory liquid
dewars have wide-mouthed openings and do not
have lids or covers. These small containers are pri-
marily used in laboratories for temporary storage.
Liquid cylinders: Liquid cylinders are pressurised
containers specifically designed for cryogenic lig-
uids. This container has valves for filling and dis-
pensing the cryogens and a pressure-relief valve
with a frangible (bursting) disk as backup pro-
tection. Never remove/disable the safety valves.
Without a safety valve, the tank can explode with
disastrous consequences (Figure 8.2).
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Pressure Rupture
Disk

Liquid Level
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Handling Ring
Handling Post

Annular Space

Rupture Disk Pressure  Pressure

Building  Building
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Co))
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Valve
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Outer Vessel Valve

Rubber Shock
Mounts

Foot Ring

Side View
(Side and Top) Cross-section of liquid cylinders.

OLSEH, Indian Institute of Science

8.3

Cryogenic Hazards

a.

Liquid Valve

Economizer
Regulator

Extreme cold hazard: Cryogens can affect the skin
like a thermal burn. Brief exposures can damage
delicate tissues, such as the eyes. Prolonged ex-
posure can damage skin. There may be no pain
initially, but the injury causes intense pain once
frozen tissue thaws. Unprotected skin can stick
to metal that is cooled by cryogens. The skin can
then tear when pulled away. Even non-metallic
materials are dangerous to touch at low tempera-
tures. Prolonged breathing of extremely cold air
may damage the lungs. Always handle cryo-liquids
with appropriate PPE (Figure 8.3).

Asphyxiation hazard: When cryogens form a gas, it
is colder and heavier than the ambient. This cold,
heavy gas does not disperse, accumulating near
the floor. Even if the gas is nontoxic, it displaces
air. When there is not enough air or oxygen, as-
phyxiation and death can occur. Oxygen deficiency
is a serious hazard in enclosed or confined spac-
es. Small amounts of liquid can evaporate into
huge volumes of gas. For example, 1 litre of liquid
nitrogen vaporises as 695 litres of nitrogen gas
at room temperature (21°C).

Fig8.3

Required PPE for handling cryogenic liquids
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C.

Toxic hazards: Some cryogens can cause specific
health effects. For example, liquid carbon monox-
ide can release large quantities of carbon monox-
ide gas, which can cause death almost immedi-
ately. Refer to the MSDS for information about the
toxic hazards of a particular cryogen.

Fire hazard: Flammable gases such as hydrogen,
methane, liquefied natural gas, and carbon mon-
oxide can burn or explode. Hydrogen is particularly
hazardous. It forms flammable mixtures with air
over a wide concentration range (4%-75% by vol-
ume). It is also very easily ignited.
Oxygen-enriched air: Liquid hydrogen and liquid
helium are so cold that they can liquify the air they
contact. For example, liquid air can condense on
a surface cooled by liquid hydrogen or helium. Ni-
trogen evaporates more rapidly than oxygen from
the liquid air. This action leaves behind a liquid air
mixture that gives a high oxygen concentration
when evaporated. This oxygen-enriched air now
presents the same hazards as oxygen.

Liquid oxygen hazard: Liquid oxygen contains
4000 times more oxygen by volume than normal
air. Materials usually considered non-combusti-
ble, such as carbon and stainless steel, cast iron,
aluminium, zinc, and Teflon (PTFE), may burn in
liquid oxygen. Many organic materials can react
explosively, especially if a flammable mixture is
produced. Clothing splashed or soaked with liquid
oxygen can remain highly flammable for hours.

8.4

First-Aid

a.

C.

When inhalation has occurred, the victim (who may
be unconscious) should be taken to a well-venti-
lated area. Rescuers should not put themselves at
risk - a contaminated area should not be entered
unless considered safe. Breathing apparatus may
be required but should only be used by trained per-
sonnel.

The affected area should be doused with copious
quantities of tepid water (40°C) for at least 15 min,
and a sterile burn dressing should be applied to
protect the injury until the person can be taken
to receive hospital treatment. Do not use a direct
source of heat, such as a radiator, and give analge-
sics (e.g., paracetamol, aspirin).

Refer to the MSDS for more information.



OLSEH, Indian Institute of Science ‘ 85

8.5 8.6

Storage Transport

Store at room temperature or below 50°C in a
well-ventilated place.

Ensure appropriate hazard warning signs are dis-
played (yellow triangle with exclamation symbol
and text: ‘Liquid nitrogen’ should be used when
liquid nitrogen is stored in a laboratory).

The Government regulates cryogen storage. Cyl-
inders and tanks must be regularly audited and
certified.

Never store or transport cryogenic liquids in
non-rated containers.

Never store cryo-liquids above eye level (i.e., above
5 ft).

Suppose a safety valve blows up. Please investi-
gate to find the reason for it.

Never disable, replace, or weld shut a safety valve.
As irritating as they might be, they keep us all safe.

Only a trolley or a specialised vehicle designed
with an open roof and a boundary will be allowed
with dewars. Trolley handler or driver should wear
cryogen PPE while transporting Liquid N,

All transportable dewar vessels are fitted with
wheels and/or undercarriages. A two-wheeled or
four-wheeled handling trolley is available for trans-
porting the 25-litre unpressurized storage contain-
ers and must be used for transporting these con-
tainers.

Filled cryogen dewars may not be transported in
closed vehicles. This includes inside passenger
cars, minivans, or SUV-type vehicles.

Never transport an open container of a cryogenic
liquid.

Before moving cryogen containers, assess the
route for possible obstructions and clutter, lifts,
uneven floor, kerbs, stairs, etc.
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8.7 8.8

Usage Cryogenic Spill

Always use cryo-rated gloves, a face shield, and a. Alert others in the area. Evacuate non-essential
an apron while handling cryo-liquids. Cryo-liquids personnel.
should not be handled with open-toed shoes. b. Close the lab doors.
Handle cryo-liquids safely. This means the use of c. Don appropriate cryogenic PPE before initiating
both hands to hold the dewar and duct (Figure 8.4). cleanup.
Use only fitted transfer hoses designed for use with d. Mark and restrict access to the spill area until re-
the dewar container. Cracked or damaged insula- solved.
tion on transfer hoses should be replaced. Do not e. Use commercial spill kits, designed for cryogens.
handle transfer hoses with bare hands, as the fitting  f. Prevent the spread of cryogen vapours and allow
is not insulated. safe evaporation.
Remove all metal jewellery from wrists and hands  g. Ensure the area is well-ventilated to prevent as-
(a spill/splash could freeze the jewellery to your phyxiation or oxygen enrichment.
skin). h. Dispose contaminated absorbents (oxygen-en-
Do not hold the container during filling when trans- riched) in approved containers after complete
ferring from a cryogenic cylinder into a secondary evaporation.
container. It should be placed on the floor or asta- i. Record all incidents for compliance and safety im-
ble stand, so that the transfer hose rests securely provement.
inside the neck of the secondary container.
Never fill containers higher than the indicated level.  8.8.1 Cryogenic Spill Kit Contents
Cover transfer dewars only with the covers supplied  a. Cryogen-rated insulated gloves (loose-fitting,
by the manufacturer. Never tightly seal a transfer non-absorbent).
dewar or other containers containing cryogenic lig- b. Face shield, safety goggles, cryo-apron, and closed
uids. shoes (no sandals).
Tongs must be used to withdraw objects immersed  c. Absorbent pads or spill pillows (for liquid oxygen
in liquid nitrogen. and hydrocarbon cryogens only — not for LN, or
LHe, where evaporation is the method).
d. Tongs/forceps are used to handle frozen or broken
objects.
e. Warning signs: “CRYOGENIC SPILL — DO NOT EN-
TER”
Fig8.4 f.  Oxygen monitor (portable).
The correct usage with g. Incident report forms.
PPE and use of both h.  Minor Spill
hands to hold the tank + Applies when spill volume is <1 L. The spill
and tube

should be confined to benchtop/floor.



+  Forinert cryogens (e.g., LN,, LHe, Ar), allow lig-
uid to evaporate naturally in a well-ventilated
area. Do not attempt to absorb or mop.

+  For liquid oxygen or flammable cryogens (H,,
LNG), keep all ignition sources away. Cover small
spills with compatible absorbent material. Allow
safe evaporation under supervision.

i. Major Spill
Applies when spill volume >1 L. Or the release
is uncontrolled.

+ Do not re-enter until oxygen levels are verified
with an O, monitor and vapours have fully dis-
sipated.

+ Only trained emergency personnel with ap-
propriate PPE may re-enter for inspection or
cleanup.

+ For LOX or flammable cryogens, fire services
must be notified.

j-  Equipment Spill

« If the dewar or cylinder is leaking, do not at-
tempt to stop the leak manually.

+ Notify the gas supplier/service contractor for
safe removal.

If a safety valve is venting, do not block or tam-
per. Isolate the area and allow venting to com-
plete.

8.8.2 Spill on Body/Clothing

a. Immediately remove contaminated clothing or
jewellery.

b. Flush the affected area with tepid water (40°C) for
at least 15 minutes. Do not rub the skin.

c. For eye exposure, flush at an eyewash station for
15 minutes.

d. Do not use dry heat or direct radiant heat sources.

e. Seek immediate medical attention.

f. Report the incident to Pl and OLSEH.
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Table 8.1: Health Hazards of Cryogenic Liquids

Hazard

Extreme Cold

Asphyxiation

Toxicity
(specific
gases)

Effects

Frostbite, skin burns,
tissue damage, eye
injury, lung damage if
inhaled

Oxygen

deficiency

leading to

dizziness,
unconsciousness, or
death

Gas release (e.g.,
CO, NO) causing
poisoning or
immediate death

Precautions /
Control Measures

Wear cryo-rated
gloves, face shield,
lab coat/apron; avoid
direct contact; use
tongs for immersion

Ensure good
ventilation; oxygen
monitors in confined
spaces; avoid working
alone with cryogens

Refer to MSDS; use in
well-ventilated areas

or a fume hood; leak

detection systems

Table 8.2: Handling and Transport Hazards of

Cryogenic Liquids

Hazard Effects

Pressure Explosion or vessel
build-up rupture

Oxygen Increases the fire/
enrichment  explosion risk

(LOX, of normally non-
LH,, LHe) flammable materials
Fire/ Hydrogen/methane
Explosion vapours ignite easily
(flammable  over a wide range
gases)

Improper Spillage or splash
storage injury

height

Inappropriate
transport

Spill, explosion,
suffocation risk in a
closed vehicle

Precautions /
Control Measures

Never seal cryogen
containers; ensure
safety valves are
functional

Keep away from
flammable/organic
materials; avoid
contamination of
clothing/materials

Eliminate ignition

sources; use proper
gas detectors; store
away from oxidisers

Store below eye level
(<5 ft); use secure
stands/trolleys

Use cryogen-rated
trolleys; never
transport in passenger
vehicles; pre-check
transport route
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CHAPTER 9

High-
Pressure &
Gas Safety

Pressurised gases and liquids can
cause serious injury and damage.
High pressure means any fluid
that is at a pressure of two bar or
higher.

This chapter also covers safety
of hazardous gases, which can be
Flammable, Toxic and Explosive.

y
Y
i
Fig9.1  Regulator and valve guard

Fig9.2  Securing cylinders using chains

9.1

General
Rules

Portable gas cylinders must always be stored vertically, un-
less specified otherwise by the OEM. This applies to the full
life cycle of a cylinder, including transport, storage, use, and
disposal.

Portable gas cylinders must be harnessed to a solid anchor
as per OSHA 29 CFR 1910.253 & 1910.101, or ISO 11625. Cyl-
inder necks can break on impact, which can launch the cylin-
der like a torpedo, causing massive damage to structures and
people.

Cylinders > 36 inches high must be harnessed at 1/3rd and
2/3rd height. Smaller cylinders must be chained at % height.
The harnesses (chain or belts) must be strong enough to with-
stand a cylinder impact.

The anchor must be bolted to a solid building structure, like a
wall or floor. Purpose-designed professional racks are accept-
able. Carts should only be used for transport or temporary
use. They cannot be used for permanent use.

“Daisy chaining” (looping a chain around multiple cylinders) is
forbidden. Each must be individually secured or in a properly
designed rack.

All cylinders must always be clearly labelled. This applies to
the full life cycle of a cylinder, including transport, storage,
use, and disposal.

Flammable and oxidising gases must be segregated with at-
least 20 feet or 6 meters away from each other.

The cylinder must be located away from other hazards. Main-
tain an exclusion zone around a cylinder as per the standard
given below.

The cylinders come with a valve guard. This protects the cyl-
inder valve in case the cylinder falls. Please keep it on if the
cylinder is not being used.

Always install the cylinder with an output pressure gauge and
shut off the valve. The former ensures that unsafe pressure is
not maintained in the line. The latter is useful in an emergency
where the gas supply needs to be turned off.
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9.2 9.3

Cylinder Cylinder
Transport Installation and

Cylinders are often poorly handled during transport
and delivery. It is the responsibility of the labs to
ensure vendors follow the good practices. If they
don't respond, please switch to more responsible
vendors. Security will report any unsafe behaviour
to OLSEH.

The cylinders must be stored vertically in the deliv-
ery trucks, not lying horizontally on the bed.

All cylinders must be tightly restrained to anchors
as per OSHA 29 CFR 1910.253 & 1910.101, or ISO
11625.

Incompatible gases must be segregated in the de-
livery truck, e.g. flammable and oxidising gases.

A well-designed cylinder cart is the only safe meth-
od to move cylinders in corridors and between
labs. The cylinders must be strapped to the cart.
Never “roll” the cylinders.

Fig9.3  Don'troll the cylinders

Uninstallation

a. Most accidents involving gas cylinders happen
during installations and uninstallation. Be very
careful and alert.

b. Cylinders must be changed by a team of two. Dou-
ble-checking reduces mistakes.

c. Write down a standard operating procedure (SOP)
for cylinder (un)installation with a step-by-step
checklist. SOP should be vetted by some authority.

d. Carry a hard copy of the SOP while changing cylin-
ders. Checklists and SOPs are a very good way to
make sure you don't forget critical steps.

e. Cylinders must be installed far from other hazards
like electrical boxes, windows, drains, and doors.
Minimum distances from these are given in Figure
9.4

f. The label on the cylinder must log the date of in-
stallation, cylinder number, the contents of the
gas, and the contact information of the responsi-
ble user.

5MTR Electrical
Box
1IMTR 1IMTR
Door — Window
2MTR Open
Drain

Fig94  Cylinders must be installed far from other hazards like electrical

boxes, windows, drains, and doors.
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9.4

Hazardous
Gases

lISc follows NFPA 704 nomenclature to define
“hazardous”. Any gas with an NFPA rating > 2 in
any category is considered hazardous.

The higher rating implies that the gas is more
dangerous than inert compressed gases due to
chemical activity, flammability, explosivity, toxicity,
or pyrophoricity. Hazardous gases need additional
safeguards.

Some examples of hazardous gases are hydrogen,
silane, germane, arsine, diborane, phosphine, met-
al-alkyls, etc.

9.4.1 Reduce Quantity

a.

Hazards scale with pressure and quantity. Large
cylinders at high pressure can carry up to 10 m® of
gas. Evaluate if a smaller cylinder with lower pres-
sure will suffice for your experiment. Details will be
specific, but as an example, consider the following
options for hydrogen.

+ Replace 100% hydrogen with 5% hydrogen
diluted in nitrogen (called forming gas). Be-
low 5%, H, is intrinsically safe, even at high
pressures. So, there is no need for additional
safeguards beyond those prescribed for com-
pressed nitrogen. This is the most cost-effec-
tive and straightforward solution.

+ Consider purchasing low-pressure cylinders.
For example, H, gets more dangerous when
stored amount exceeds 1% of the laboratory
volume at standard pressure. A 40 m® lab re-
mains safe from ignition hazard, even in the
case of a catastrophic release, if it stores less
than 400 litres of H,. That translates to a 40-li-
tre cylinder at 10 bar.

b. Tabletop H, generators are an easy solution for

small quantities of H,. They are intrinsically safe
and don't require any special precautions. Prices
start at two lakhs.

For the pressurised Parr reactions (in the room
with autoclaves), consider generators that pro-

duce higher pressures, e.g.,
-

B https://thalesnano.com/phoenix-h-ge-

 nie-platform/



9.5

Safeguard

High-pressure H2 (>4 bar) must be used with proper
safeguards. A system must have at least one barrier
to prevent a top event and one barrier to mitigate the
effect of a top event. Safeguards must also be added
to avoid the degradation of a critical barrier. A safe-
ty bowtie is a helpful way to visualise this. On the left
are preventive barriers, and on the right are mitigation
barriers. The analysis is usually the result of a formal
HAZID/HAZOP study. OLSEH can help organize these
studies for complex systems.

OLSEH, Indian Institute of Science

9.6

Mandatory Barriers
for >4 Bar

The following basic safety systems are needed for all
hazardous gases at pressure (including low-pressure
cylinders recommended above)

a. Basic cylinder safety: The Usual requirements for
any compressed gas cylinder must be followed,

e.g., restraints, labels, etc.

+ As acorollary, cylinders should be transported
safely in carts. No rolling.

+  Get cylinders from reputed vendors.

b. Regulators. To step down the pressure for distri-
bution. The output pressure should not be > 8 bar.
The use of hazardous gases at higher pressures
requires advanced safety features.

c. Flash arrestors: If a flammable gas is being used
in an open circuit (at some point, gas vents to air
without scrubbing), then inlet lines must have flash
arrestors. If flash arrestors are not possible, for ex-
ample, due to purity requirements, the lines must
be closed in a loop with a scrubber at the end.

d. Outlet valves and fittings: All distribution lines
should have a high-pressure diaphragm or ball
valve made of metal (chemically compatible with
the gas). Avoid using low-cost valves from a hard-
ware store. All fittings, tubes, and valves must be
made of metal—no insulating materials like plas-
tic/rubber that can cause static.

e. Earthing: Flammable hydrides are highly suscepti-
ble to static electricity. All flammable cylinders and
lines must be earthed. If the lines use insulating
gaskets, such as rubber, then individual sections
of the metal line must also be grounded.

f. Access-control. Cylinder change is a critical ma-
neuver. Mistakes can be deadly. Only authorised
and trained personnel are allowed to change cyl-
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inders. The labs must have some form of access
control (e.g., lock, room) to prevent unauthorized
changes to cylinders.
Log register. A log register must be maintained
with the following information.
+ Date of installation with cylinder number; initial
quantity of gas in std. litres; cylinder pressure.
+  For every usage, there should be an entry with
date, starting cylinder pressure, and volume
used in std. litres; final cylinder pressure; & us-
ername.
+ Date of removal of the cylinder; final pressure.
At a minimum, the gas manifolds must have a
purge cross. The purge is used to evacuate re-
sidual air during cylinder changeover. Extremely
hazardous gases, such as SiH,, will require more
complex manifolds with 5 or 7 valves, which are
discussed in the next section.
Consider passive flow restrictors that limit flow to
a low value, like 1 litre/min. These can be simple
orifices with an appropriate diameter.
Sensors: All hazardous gases require interlocked
sensors. These must be continually active sen-
sors, mounted near the cylinder and usage point.
The sensor’s output should be connected to a si-
ren and a building fire alarm system. In the event
the sensor detects a leak, the departments must
evacuate. Handheld sensors can be used to detect
manual leaks during delivery and after transporta-
tion.

9.7

Additional Barriers
for > 8 Bar or
NFPA >3

In cases where pressure is very high (> 8 bar) or if

the NFPA rating in any category is 4, additional safety

features are required (in addition to those mentioned

above). Details may vary, but we must follow the at-

tached checklist. The department is welcome to sub-

mit a plan to OLSEH for consideration. The design of

all gas distribution systems of such a system must

be certified by two faculty members (with suitable
expertise), other than the PI, OR approved by OLSEH.

a.

Gas-cabinets or gas-banks: High-pressure haz-
ardous cylinders should be stored outdoors in a
well-ventilated area whenever possible. The gas
can be distributed from the gas bank to the labs us-
ing SS pipes. Design the gas-bank well. Gases like
H, tend to accumulate near the roof. The electrical
fitting near the cylinders of flammable gas must be
explosion-rated. Alternatively, the cylinder should be
installed by a professional gas-cabinet installer. The
gas cabinets may be either completely automatic or
semi-automatic, shutting off the gas flow from the
cylinder in the event of alarms or gas leaks.
Cylinder manifold: All high-pressure hazardous
gas cylinders must be connected to a 5-valve or
7-valve purge manifold, rated for the gas. Profes-
sionally constructed manifolds are commercially
available. Don’t design your own. Manifolds are of-
ten built into professional gas cabinets.
Certification for the cylinder. H, causes embrittle-
ment of metal. Any H, cylinder must be certified by
a reputable manufacturer for storage of H,. This
often means regular isostatic testing. In cases
where the certificates are not available, the cylin-
der must be discarded every 5 years of use.
Non-arcing tools: For flammable gases, use
non-arcing tools for cylinder change or line repair.



e.

Gas distribution system: Gas distribution on the
manifold must be constructed using fittings rated
for H,. We strongly prefer welded, face-seal fittings
(VCR® or equivalent). High-quality Swagelok® or
other compression fittings with metal ferrules are
also okay, if installed professionally. No plastic
tubing. All lines must be He-leak checked after in-
stallation or repair.

Active fire-fighting equipment: To contain a fire,
flammable cylinders must have active fire-fighting
systems, e.g., sprinklers. A sprinkler in the vicinity
of an H, cylinder is mandatory.

Documentation:
A clearly written SOP for common events like
cylinder changes and transportation. OLSEH
must approve the SOP. A template is available
on request.
« Alist of users who have been trained to change
cylinders with dates of their training.
Depending on the capacity, autoclaves or other
high-pressure equipment themselves might require

safety paraphernalia like reinforced walls.
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9.8

Storage and Handling

Cylinder and valve integrity may be compromised by

improper storage and handling. General storage and

handling conditions for all gas cylinders include the

following:

a.
b.

Cylinders should be stored in well-ventilated areas.
Always wear eye protection rated for protection
from impact (i.e., ANSI Z87+ rated) while using or
handling compressed gases.

Cylinders of liquefied gases should be stored up-
right, unless there are specific directions on the
cylinder indicating otherwise. Examples of lique-
fied gases include, but are not limited to, nitrogen,
acetylene, carbon dioxide, ammonia, chlorine, hy-
drogen sulfide, and hydrogen chloride. Liquified
gases also contain higher volumes of gas at room
temperature and pressure than the same-sized
cylinder of a compressed gas and thus present a
greater asphyxiation potential or valve guard
Cylinder caps must be in place whenever regula-
tors are not attached.

All gas cylinders need to be chained to the wall. The
chain must either be at half height or two chains at
1/3 and 2/3 height (Figure 9.2). This ensures that
the cylinder stays vertical in the event of cylinder
valve failure, preventing it from flying through the
walls like a missile.

Store cylinders away from corrosive materials
(e.g., acids and bases), which can damage the cyl-
inder.

Store gas cylinders away from sources of heat.
Store empty cylinders away from full cylinders. En-
sure that empty cylinders are labeled as such and
are returned promptly to the manufacturer.

Ensure that gas cylinders are stored such that they
do not obstruct means of egress, electrical panels,
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eye washes, drench showers, access to hazardous
materials, or other items.

Never move or use a compressed gas cylinder
unless you have been provided with hands-on in-
struction from your PI or trained and authorized
coworkers on how to do so.

Don't roll the cylinders; use a trolley with wheels
(Figure 9.3).

Cylinders must be transported on approved carts,
with the strap/ chain in place, and with a cylinder
cap. Minimise walking with cylinders. Only walk
with cylinders for very short distances to move
them from the cart to the final storage location.

. Regulations govern the storage of compressed
gases. Permanent and temporary storage cylin-
ders must be tested and certified at the prescribed

schedule.

|

Minimum

half—Eour

fire rating
\

FUEL GAS OXYGEN
For long term storage, segregate cylinders, store them in

covered but ventilated cages and keep them chained

9.9

Leaking Cylinder

If a gas cylinder, containing a toxic, flammable, pyro-

phoric, or corrosive gas, ever develops a leak, then:

a.
b.
C.

Fig9.6

Evacuate the area and the building.

Activate the fire alarm on the way out.

Call the security office and the OLSEH office to
report the identity of the gas, cylinder size, and lo-
cation.

Lab facilities with hazardous gases are supposed
to install automatic sensors for detection and warn-
ing of harmful gas leaks. Hand held detectors are
strongly recommended.

Proper respirators (self-contained breathing appa-
ratus) must be used whenever hazardous gas cylin-
ders are being installed/changed.

Orbital Welded Fittings

Additional requirements for hazardous gas
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9.10 9.11

Protocol for
LPG Cylinder in
Labs

Cylinder
Spindles

The spindle valves of tanks come in different
designs. On the left is an older design (Fig-
ure 9.7), where there is a danger of spindle
loosening while the valve is being turned on.
There are two threads in series. Opening one
can open the other. The probability of this is
significantly lower in newer spindle valves. Re-
quest all labs in charge to do a self-audit of
the cylinders in their labs. If they have cylin-
ders with old designs, please change those to
more modern ones.

The threading of the connection is also a safe-
ty feature. Reverse thread connections can be
identified visually by a notch inscribed on the

circumference of the connecting nut.

Fig9.7 Strongly advise all to only accept

cylinders with the newer spindle design

As a rule, the fuel gas loading should not exceed 1
kg per 25 m? of floor space in well-ventilated labora-
tories.

The laboratory storage of replacement (disposable)
gas cylinders should be kept to a minimum and re-
stricted to less than 1.5 kg. Any sources of ignition
are eliminated near the gas cylinder when not being
used.

Use the cylinders only in well-ventilated areas.

The fire load of other hazards present inside labs
must be low.

Labs should have secondary emergency exits.

The minimum distance between flammable and oxy-
gen gas should be 20 feet or 6 meters.

Keep the cylinder valves closed when not in use
Ensure that the cylinder is always stored upright (ver-
tical) and is not at risk of tipping over.

Inspect the cylinder on a regular basis to ensure it is
in good condition, free from rust, and housed properly
Ensure the cylinder is stored in an area that is ade-
quately ventilated and not susceptible to excessive
temperature rise.

Store the cylinder in a secure location to protect
against falling, damage, being hit by etc.

Provide separate storage for LPG away from the oxi-
dizing gases (e.g., oxygen) by at least six meters.

. Do not store the cylinder near an ignition source, or

in locations that could jeopardise escape from the
building in the event of a fire.

“NO SMOKING” sign board to be placed near the cyl-
inder storage area

All kinds of hot works should be restricted in such
labs with an LPG cylinder.

The flammable gas cylinders should not be placed
near the entrance/exit to the lab.
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Table 9.1: Summary of High-Pressure Safety

Feature

Examples

Storage

Transport

Installation

Quantity

Allowed

Safety

Devices

Emergency

Training
Needed

Low Risk
(Inert Gases -
N,, Ar, Air)

Nitrogen, Argon,
compressed air

Keep upright,
chain securely,
cap on

Use a cylinder
cart, keep it
vertical, never roll

2 people required,
follow SOP, wear
goggles

Usually, there are
no strict limits

Chain, cap, labels

If a leak: stop
work, leave the
area, tell the
supervisor

Basic lab safety
training

Moderate Risk
(0,, CO,, Small
Flammables)

Oxygen, Carbon
dioxide, and small
fuel gases

Same as left +
keep away from
heat and acids/
bases

Same as left +
separate different
gases during
transport

Same as left + use
regulator & shut-
off valve

Avoid oversized
cylinders

Same as left +
regulator pressure
< 8 bar

Same as left + call
OLSEH/security

Pl approval + SOP
training

High Risk

(H,, Silane,
Arsine,
Phosphine, etc.)

Hydrogen, Silane,
Arsine, Diborane,
Phosphine

Store only in
ventilated areas
or gas cabinets,
never in an open
lab

Same as left +
ensure vendor
follows safe

transport rules

Same as left +
add flash arrestor,
purge line, metal
fittings, earthing

Must not exceed
1% of lab room
volume (e.g., 400
Lin a 40 m® room)

Same as left +
leak sensors with
alarm, access
control, and
logbook

Same as left + pull
fire alarm, only
the trained team
handles

Special training,
OLSEH approval,
and a record of all
users
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CHAPTER 10

Emergency
Response &
Evacuation

Using signage and regular safety lectures,

all users of a building must know the ac-
tions they need to perform if they stumble

across an emergency. The response must »

be contingent on the severity of the emer- —
gency. For e.g. smaller fires may require use
of fire extinguisher, while gas leaks need a

global alarm.

RAISE ALARM!

CAN YOU HANDLE IT?

YES

ANYONE INJURED?

SEEK MEDICAL ASSISTANCE

AND HELP THE INJURED HANDLE THE EMERGENCY

EMERGENCY HANDLED EVACUAJITE AREA
SUCCESSFULLY? IMMEDJATELY

YES

INFORM LAB-IN-CHARGE AND
FACULTY IN-CHARGE

PERFORM
FOLLOW-UP ACTION

Emergency response decision flowchart
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10.1

Emergency
Evacuation

All buildings are required to have an
emergency evacuation plan that al-
lows all occupants to exit the building, o F%T
A WING

establishes chain of command, demar- WINGF
CeNSE
Rear D WING

OUTSIDE
GARBAGE BIN

cates responsibilities, and establishes
rules of liaising with external emergen-

CeNSE
Office

cy services. The primary responsibility

MNCF

of defining the fire exit plan rests with
the Safety Champion of the depart-

Room

Conference
()
=
<
(7]

ment that administers the building.

The safety champion can take the help J CeNSE
from OLSEH to formulate the plan. The TR Front
emergency plan must follow the fol- e =
lowing guidelines: B WING
) oV EE EMERGENCY
=z S = CORRIDOR
A
10.1.1 Strategy g : g:';':ggMWSATER
EEEN CENTRAL FACILITIES

a. All buildings must have a method

to announce a global emergency Fig10.1  Anexample of a fire evacuation strategy
that mandates evacuation. This

can be a simple a public address
system or a manual/automatic fire
alarm.

b. All buildings must designate a net-
work of emergency exits, and as-
sembly points such that all occu-
pants of a lab can exit the building
and reach the safe assembly point
within 2 minutes of a global alarm.

c. The number of these exits and as-
sembly points depends on the size
and layout of the building.

d. The location of emergency ex-
its, and assembly points must be
clearly shown on signage posted

Fig10.2  Example of an emergency escape route




at strategic locations, e.g. corridors, break-out
spaces, lecture halls, assembly points, etc.

e. Assembly points are where occupants assemble
during the emergency. Hence the location of these
assembly points must be chosen well. The assem-
bly points must be far from the hazards, e.g. elec-
trical yards, gas cylinders, chemical storage, etc.
Assembly points cannot be in the path of emer-
gency vehicles.

f. All labs must identify the route to the nearest
emergency exit from each lab (“emergency escape
route”). This route must be clearly posted inside
each lab. See example.

g. The emergency escape routes cannot include el-
evators. Only stairs can be used during emergen-
cies.

h. During emergency, emergency vehicles such as
ambulance and fire trucks must be able to reach
the premises. This requires a suitably wide thor-
oughfare that is always free of obstruction (i.e. no
parked vehicles or bikes or storage). Ideally, the
emergency vehicles should have 360° access to
the building.

i. None of the doors that are part of the emergency
evacuation strategy can ever be blocked or physi-
cally locked. They can only be latched or electron-
ically locked, such that they can be opened in an
emergency by anyone.

10.1.2 Action on hearing a global alarm

All users of a building must know the actions they
need to perform if they hear the global evacuation
alarm. For most of the occupants, this response will
be an evacuation to an assembly point. Some people
might have additional responsibilities, e.g. members
of the emergency response team (ERT).

10.1.2.1 Emergency response team (ERT)

ERT is a group with the primary responsibility to re-
spond to an emergency. The roles/responsibilities
may change with department and associated hazards.
At its very basic, ERT is in-charge of ascertaining the
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validity of the emergency, calling external emergency
vehicles, managing the assembly points, liaising with
institute and external safety/security teams, and issu-
ing the “all-clear”.

a. ERT must be a statutory body in a department,
composed of faculty and permanent staff. A part
of ERT must be “on-call” 24x7. The composition
of ERT must be communicated to the OLSEH by
the department Chair. The ERT is assumed to be
technically familiar with all the hazards in a depart-
ment. This might require the ERT to conduct peri-
odic audits in their respective departments.

b. Some multi-storied building may need additional
floor-warden who ensures that evacuation orders
are being followed in a certain section of the build-
ing.

c. Each assembly points must have a designated
leader who is in-charge of taking attendance or
headcount. This and any pertinent information giv-
en by the evacuating public can be escalated to
the ERT.

d. ERT is the only one who can issue an “all-clear” af-
ter an evacuation. No one can enter the building
until ERT has issued the all-clear.

e. ERT is the primary contact for institute and exter-
nal agencies involved in an emergency. ERT is re-
sponsible for calling emergency vehicles (or setup
a structure such that this happens automatically).
Since they are the only people familiar with all the
hazards in a department, the ERT is also expected
to liaison with the agencies.

99
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10.2

Chemical Spill Response

Based on the chemicals stored and used in the labora-

tory, lab in charges must anticipate the types of spills

that can occur in their respective laboratories. It is

their responsibility to obtain the necessary equipment

(spill kits, personal protective equipment, and disinfec-

tion materials if biological materials are present in the

laboratory) to respond to a spill prior to it happening.

a.

If the spill is too large, highly toxic, flammable,
aggressive, or just scary, please call emergency
response, press global alarm and evacuate. The
following compounds are considered very haz-
ardous and should not be cleaned by users: aro-
matic amines, hydrazine, bromine, organic halides,
hexamethylphosphoramide (HMPA), carbon di-
sulfide, cyanides, ethers, nitro compounds and ni-
triles. Users must also not try to contain gas leaks
of flammable, toxic or pyrophoric gases.
If and only if you can do so safely, attend to injured
or exposed personnel and remove them from ex-
posure.
Alert people in the laboratory to evacuate. Alert
people in the immediate area of the spill and make
sure that you are aware of the hazards associated
with the material spilled. If the spilled material is
flammable, turn off ignition and heat sources.
Clean up the spill. Less experienced user should
only clean up minor spills (<50 ml). For larger
spills, call help of staff or experienced users.
+ Acids and bases typically need neutralization
kits.
+ In case of a mercury spill use mechanical
means or a portable pipette vacuum, do not
use house vacuum or a vacuum cleaner. Cov-

e.

er small droplets in inaccessible areas with
powdered sulfur. Place the residue in a labeled
container and dispose it separately.

+ To cleanup alkali metal spills, smother with
anhydrous sodium carbonate, calcium carbon-
ate, powdered graphite or sand.

While cleaning up the spill, have adequate ventila-

tion (open windows, fume hoods on) and proper

protective equipment (minimum: gloves, splash
goggles, and apron/lab-coat).

Neutralizing Kits

« For small spills, 10-50 ml
o Experienced student or staff

« Area must be barricaded and
labeled

« For large spills, 0.1-50 liters
¢ Only by trained staff
« Affected lab to be evacuated

Emergency Evacuation

b Ly



OLSEH, Indian Institute of Science ‘ 101

10.3 10.4

Fire Response First-response

If you see fire, evaluate if you are in immediate
danger. If you are, raise alarm and evacuate.

If the fire is small, try to contain the fire using a fire
extinguisher. If you can't, call ERT. The emergen-
cy numbers must be near the landline. Give your
name, location, nature of the emergency and tele-
phone number.

+ Oncethefire is contained, call the lab in charge

(First-aid)

First-aid is a specialist activity so it is hard to be very

specific about exactly what to do. Use common sense.

Following points are primarily to sensitize you of the

possibilities.

10.4.1 General Injury

Do the following and in this order (unless common

sense says otherwise):

and the faculty in charge. a. Call emergency response.
+ Try to assist any injured people around you. b. If an individual is contaminated or exposed to a
See section below on first aid. hazardous material in the laboratory, do what
If you hear the fire alarm, immediately evacuate. is necessary to protect his/her life without com-
During evacuation: promising your own. If you can do so safely, de-
« If confronted with smoke, keep near the floor. termine the nature of the hazardous material and
Smoke, heat and toxic gases will normally rise communicate this information to the attending
to the ceiling. medical personnel.
+ Do not use elevators, as they might not work  c. If the person is in contact with a live electrical cir-
during emergency. cuit, do not touch him/her. Disconnect the power
+ Using the nearest emergency exit, exit the first by turning off circuit breakers or by dislocat-
building. ing the live wire with a nonconducting object.
+  Go to the designated safe assembly point. d. Do not move an injured person unless he/she is
+  From the assembly point call the lab in charge in further danger. Unnecessary movement can ex-
and the faculty in charge. acerbate injury. Keep the victim warm and awake.
+ Stay at assembly points, until an “all-clear” is  e. Initiate first aid treatment to the victim if trained or
issued by the emergency response team. qualified to do so. In the case of severe bleeding,
Inform ERT of any hazardous conditions (pres- place a paper pad (from first-aid kit) or cloth on the
ence of inflammable/toxic chemicals or gases). cut and apply firm pressure to control the bleeding.
f. Call the lab in charge and faculty in charge.

Fire Action

Raise Leave Report to
the Alarm the building by Assembly
the nearest Point
Y @l exit
Do not return to Do Not Use Lifts
the building until
authorised to do so

10.4.2 Burn Injury

Follow the following steps and in this order.

a.

Extinguish fire as quickly as possible, with what-
ever is available. Still it is wise to know that not all
methods are equal.

+  Most effective method is to immediately del-
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uge the victim with water under a safety show-

er. Water not only extinguishes the fire but also

cools down the body by transporting the heat
away, preventing further burns. Of course there
should be a water source and you should be in

a position to drag the victim to the source.

+ Often quickest option is the “stop, drop and
roll” drill. Just make sure to put some damp
towels on victim to reduce temperature, once
the flame is extinguished.

« If water is not available and drop/roll is not
practical, blankets, coats, etc. can be used to
smother the fire. Remember, try to smother, not
fan the flames so they become more intense.
Remember even after the flames die down the
body continues to suffer damage due to all the
trapped heat. So, apply some damp towels, to
reduce body temperature.

+ In extreme cases, fire extinguishers can be
used. However, understand the following:

i. CO, type extinguishers tend to freeze. So,
don’t focus spray on the same place for 10s
of seconds. Try to create a blanket of CO,
around the person so that the flames die
down.

ii. Extinguishers are designed to be aimed at
the base of a fire. They don't work well on
surfaces, like human body.

iii.

With foam-type extinguishers, you need to
create a blanket around the burning person,
which is hard and wastes precious seconds.
If there is danger of further injury, move the victim.
Else let them be.

Call emergency response.

Immerse the burned area in very cold or ice wa-
ter until pain not only is relieved but also does not
return when the burned area is removed from the
water. If the burn cannot be immersed, apply ice
cold compresses.

After ice treatment, cover the victim with a blanket
to keep him/her warm to prevent hypothermia.

If the burns are extensive there is a high probabil-

h.

ity of victim going into a shock, so try to keep the
patient awake and calm.

Be careful not to contaminate the burned area.
Cover the burned area with sterile gauze or a sheet.
Do not apply oily ointments, lotions or cleanser to
the burned area.

Call the lab in charge and faculty in charge.

10.4.3 Chemical Spill on Body
Symptoms of chemical exposure may include: irrita-

tion, burning sensation, coughing, wheezing, laryngitis,

shortness of breath, headache, nausea and vomiting.

If you feel any of these contact a trauma center imme-

diately.

If you come across a victim of chemical exposure:

a.

Remove the victim from contact with the chemical
as promptly as possible.

Affected areas of the skin should be thoroughly
flushed with water (at least 15 minutes) by show-
er. Do not apply neutralizing or buffering agents.
During flushing, goggles should be left on the vic-
tim until his head and face have been washed.
Alkali metals (e.g., lithium, sodium, and potassi-
um) should be rapidly removed with a cloth, paper
towel or tweezers before flushing with water. If any
metal on the skin ignites on contact with water, im-
mediately deluge it with cold water.

Remove the clothing contaminated with chemi-
cals but do not remove clothing that has burned
onto the skin.

For fluoride acid spills, use liberal amount of calci-
um gluconate after washing with water to neutral-
ize the fluoride ions. Use way more than what you
think is enough.

Call emergency response.

Call the lab in charge and faculty in charge.

10.4.4 Eye Injury

a.

Try to remove the foreign object, if and only if, it is
loose and unattached. Best to do this with a wet
piece of clean cotton or with clean water.



b.

e.

If the particle is on the cornea or is embedded in
the eye, do not touch it.

For splashes of chemicals in the eye or exposure of
the eye to corrosive vapors, remove contact lens-
es if necessary and flush the eye thoroughly with
water from an eye wash fountain for at least 15
minutes. Eyelids should be forcibly held apart so
that the entire surface of the eye may be washed.
Never apply a neutralizing solution as first aid.
Call emergency response. Transfer the victim to a
physician or ophthalmologist immediately.

Call the lab in charge and faculty in charge.

10.4.5 Ingestion of Chemicals

a.
b.
c.

Call emergency response.

Call the lab in charge and faculty in charge.
Provide the ambulance crew and physician with
the chemical name and other relevant informa-
tion. If possible, send the container, and/or a label
along with an MSDS with the victim to the nearby
health center.

10.4.6 Inhalation of Chemicals

a.

Do not enter the area if you expect oxygen deple-
tion, explosive vapors or toxic gases.

Special equipment must be worn by the rescue
party. If you don't have access to the equipment,
just call emergency response.

Remove the victim from the contaminated atmo-
sphere and move into the fresh air as quickly as
possible.

Call emergency response.

Call the lab in charge and faculty in charge.

If possible, identify the substance to which the
victim was exposed. Provide the ambulance crew
and physician with the chemical name and other
relevant information. If possible, send the contain-
er, and/or a label along with an MSDS with the vic-
tim to the nearby health center.
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10.4.7 Unknown
In case the victim is unconscious, unresponsive, or un-

able to respond; and if you cannot ascertain the type of

injury, assume the worst. If the lab has toxic gases, as-

sume gas leak. If the lab has hazardous chemicals, as-

sume chemical exposure. If the lab has lasers, assume

laser injury. In all cases priority is your own safety.

a.

Evaluate if you can safely enter the lab. If not, then

just call the emergency response.

If you can enter safely, see if you can help the vic-

tim.

If the victim is in danger of continuous expo-
sure, try to remove him.

« If the victim is not in danger of more exposure,
leave him as is. Unnecessary movement may
exacerbate injury.

Call the emergency response.

Call the lab in charge and faculty in charge.
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APPENDICES

11.1 Self-Audit Checklist

Building / Department: Room:

Date:

Principal Investigator:
Audit Performed by:

General instructions:

IV.

VI.
VIL.

VIIL.

XI.

Complete self-audit and send to Department Safety Champion.

Mandatory signage can be downloaded from OLSEH website or the Department Office.

Personal Protective equipment must always be used when working in the laboratory. Check that stu-
dents are using them.

Lab in-charge is responsible for laboratory safety. Lab users should be quizzed on safety rules during
the audit.

Improper chemical segregation is a common issue. Please check the inventory of chemicals to ensure
solvents, oxidizers, acids and bases are segregated.

All chemicals must be labelled. Labels can be downloaded from OLSEH website.

All chemical waste must be labelled. Labels can be downloaded from OLSEH website.

Gas cylinders are also often stored improperly and not tagged. Please check. Tags can be downloaded
from OLSEH website

Exit doors, including those which open directly from lab spaces into stairwells, cannot be locked during
normal business hours. Security measures are allowed after hours, with the approval of the OLSEH
office.

Electrical cords that have frayed wires or broken insulation present significant electrical shock and fire
hazards. Replace or repair an electrical cord found to be in poor condition.

Cover plates must be installed on all electrical outlets and switches to prevent accidental contact with
electrical wires.
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Type # Safety Point to check Yes

General 1 Working telephone near the door

2 Emergency contacts list near
telephone at eye level

3 Hazard sheet is filled and current.
The sheets must have been
signed in the last 6 months.

4 Users are wearing closed toed
shoes in the lab. Some labs ask
users to take off shoes. In such
cases replacement shoes must
be
provided. No chappals.

5 No evidence of food/drinks being
brought inside lab. No tea/coffee
cups. No lunch boxes.

6 The lab should look clean and
organized. No accumulated junk,
like carboard boxes, trash, etc.

7 Has the lab in-charge instituted
an orientation program that all
new users must go through to get
access to the lab?

8 At-least one light is connected to
UPS?
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Remark

Important Note: Minimize storage of materials in laboratory premises. For example, paper goods, plastic

containers, materials stored in boxes and empty containers.

Fire 9 Two feet of unobstructed walking
space around labs

10 Fire extinguishers (appropriate
type) in working order

11 Fire extinguishers are stored in
proper and visible places

12 Equipment that heat up during
operation have adequate
ventilation

13 No exposed electrical wires,
broken plugs, broken switches,
etc.
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APPENDICES

Type

Laser

Chemical

14

15

17

18

19

20

21

22

23

Safety Point to check

Power strips are of appropriate
wattage (for the given load)

Large equipment connected
to earth

High-power laser (Class 3 and above
or invisible) must have warning light
outside the door

Laser safety glasses, if Class 2
laser of above.

High-power laser (Class 3 and above
or invisible lasers) must have a
separate partition with floor to wall
barrier

Chemical containers are labelled
properly and contain necessary
information. No mystery bottles

Chemicals are stored in appropriate
cupboards. No open shelfs, no
wooden (flammable) cupboards.
Large amounts of solvents

need exhausted cabinets

All chemical storage must have
hazardous stickers (e.g. corrosive,
oxidizer, toxic, etc)

All chemical waste must be clearly
labelled. There should be appropriate
waste disposal facility for all
chemicals stored in the lab.

e.g. If you have acids, there must be a
way to dispose acids, etc.

Personal protective eqpt. (Glasses,
gloves, aprons, shoes) must be
easily accessible, not inside locked
cabinets. For liquid hazards need
splash goggles, not glasses. For
aggressive chemicals, need thick
nitrile gloves not thin examination
gloves. No latex gloves. Large
amounts of chemicals require face
shields

Yes

No

NA

Remark
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Type # Safety Point to check Yes No NA Remark

24 If corrosive chemicals are
used, eye sprays must be nearby,

25 MSDS of all hazardous chemicals are
printed out and stored in a file that is
easily accessible

26 Acids, bases, oxidizers, and solvents
are segregated, either in different
cupboards or with secondary
containment

27 All refrigerators used to store

chemicals, must have “No food” sign;
no food in any fridge in any lab

28 Clearly marking on the dustbins to
distinguish lab waste (hazardous)
and general waste

29 Chemical work can only be done in
hoods with proper ventilation

30 Sharps must be disposed in
hard containers

31 Bio waste must be appropriately
disposed. Red dustbins for soiled
napkins, etc. Blood/cultures can be
disposed down the drain but only
after hypochlorite treatment (labs
should have hypochlorite). Dead
bodies must be disposed thru Bio

departments.
High 32 Gas cylinders are properly chained to
pressure walls, either at half height or 1/3 +2/3

height. Cylinders must be stored in a
tight formation so that they cannot
tip. Carts cannot be used for
permanent storage

33 Unused or spare gas cylinders must
have valve guards

34 All cylinders must have tags that
identify the contents, status (empty/
in-use/full) and person in-charge.
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Type

Cryo

Electrical
hazard

Exits

35

36

37

38

39

40

41

43

44

45

46

47

Safety Point to check

All hazardous gas lines must have
welded VCR connections; highly
dangerous gases must have coaxial
connections

Hazardous gas cylinders need gas
cabinets.

CVD reactors must be connected to
functional exhausts.

Any lab with hazardous gasses must
have sensors to detect that gas. The
sensor should be functional.

All labs with cryo liquids must have
cryo-rated personal protective
equipment. Everyone needs gloves.
Large amounts need face shields and
aprons also.

Cryo cylinders must have
safety valves and rupture disks.

Cryo liquids can only be handled in
rated dewars or flasks.

Cover plates in place for outlets and
switches

No extension cords used
Inspect AC filters periodically
llluminated signs working
Paths free from obstructions

Emergency exits accessible and
marked

Yes

No

NA

Remark



OLSEH, Indian Institute of Science ‘ 109

APPENDICES

Additional Checklist for Chemical Storage and Handling

a. Generally, light-duty and wooden cabinets should not be used. Cabinets units should be securely anchored
to the wall.

b. To avoid potential contamination, food should not be stored in refrigerators or freezers designated for
chemical storage.

c. Labelling of cabinets by chemical class (e.g. flammable liquids, acids, oxidizers) is essential if chemical
storage is to be segregated to avoid incompatibilities, and to identify storage areas for emergency response
personnel.

d. Highly toxic gases, such as fluorine, phosgene, and many semiconductor gases, should be stored in ventilat-
ed cabinets made for this purpose. In the event of a leak or fire, the gas cabinet would contain and exhaust
the gas, protecting the laboratory worker from exposure.

e. Toxic or flammable substances that can be airborne (e.g. gases, vapours, dusts, fumes or mists) should not
be used in unventilated areas. In the absence of adequate ventilation, air contaminants can build up to levels
that pose health or flammability hazards.

f. Chemical containers should be clearly labelled with at least a chemical name. The manufacturer’s label is
best, as it usually contains a great deal of information about health and physical hazards. When a chemical
is transferred from the original container, the new container should be labelled, as possible. Small contain-
ers may use other means of identification, such as a code or number system referenced to the user’s lab
notebook.

g. Inorder to avoid spillage or release of vapors, containers should be closed except when transferring.

h. For optimum performance and containment, a fume hood should have the minimum amount of chemicals
or apparatus in it when in use. It is particularly important that the slots or baffles at the back of the hood are
unobstructed.

i. Some chemicals may degrade certain container materials. For example, hydrofluoric is incompatible with
glass. Inorganic hydroxides are best stored in polyethylene containers. Some organic solvents will soften
plastic.

j-  Chemicals which may react violently or emit hazardous fumes when mixed should not be stored near each
other. Examples include oxidizers and flammables, acids and bases.

k. Corrosive materials can cause severe tissue damage and are particularly injurious to the eye. Storage of
corrosive below eye level helps to minimize this risk.

I.  Quantities of chemicals in storage should be consistent with the shortterm needs of the lab. Excessive
storage should be avoided.

m. When transporting chemicals between rooms or buildings, secondary containers, such as bottle carriers,
should be used. In the event the container is dropped, bumped or otherwise breaks, the contents would be
contained in the bottle carrier, avoiding a spill. Bottle carriers are available in many stockrooms.

n. Some chemicals, such as ethers or other peroxide-formers, have recommended storage time limits. Chem-
icals stored beyond their limit date may form explosive peroxides, which may detonate when removing a
cap, agitating, dropping, scraping, etc. Upon arrival, these containers should be marked with the date placed
in storage and an expiration date based on manufacturer's recommendations. Many manufacturers include
an expiration date on the product label.

0. To avoid difficult and potentially costly waste disposal problems, a procedure should be in place to assure
all materials are labeled and unneeded chemicals disposed of properly.
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List of gas cylinders and composition (add more rows if necessary)

Chemical Composition No of cylinders

Total

List of high-power lasers (add more rows if necessary)

Make Wavelength Pulsed or CW Power of energy per pulse

Other observations/violations/comments:
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11.3  Cylinder & Chemical Labels

The individual departments are requested to print and stock them for use.

O O

CYLINDER STORAGE & HANDLING

NAMEOFGAS: 1. RESTRAIN the cylinder properly when in storage and use

RECEIVEDBY. 2. STORE the cylinder in a cool, well-ventilated, and fire-resistant
area

DATE:

MOBILENO: 3. INSTALL the cyl.inder \{vhere it won't be knocked over or
damaged by falling objects

CYLINDERNO: .

4. CLOSE the valve and SECURE the cylinder's caps when it is

GASHAZARDCLASS: .. not in use

CYLINDER STATUS

TICK THE APPROPRIATE STATUS AND WRITE DATE

6. TRANSPORT the cylinder using a hand truck/trolley designed

5. INSPECT the cylinder for leaks after connecting

IN USE for the purpose
EMPTY 7. REPORT any leak or damage
L
=)
w
&
IN CASE OF AN EMERGENCY, = 11ISc IISc Safety Signage
CONTACT OLSEH:08022933199 & Bengaluru Cylinder Tag 1.0
w
CHEMICAL LABEL oate
NAME SELECT APPROPRIATELY

A ®
LABORATORY

OXIDIZER FLAMMABLE
CHEMICAL (NO ACRONYM INITIALISMS)

eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee

77777777777777777777777777777777777777777777777777777777 TOXIC ENVIRONMENT
HAZARD

PAWZ
% N
El =
“, _" 11ISc
SR e

CORROSIVE  CORROSIVE
Bengaluru ACID BASE
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11.4 Chemical Waste Label

The individual departments are requested to print and stock them for use.

CHEMICAL WASTE

NAME SELECT HAZARD SYMBOLS

ooanen @
LABORATORY

OXIDIZER FLAMMABLE
COMPOSITION (NO ACRONYMS)

eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee

77777777777777777777777777777777777777777777777777777777 TOXIC ENVIRONMENT
HAZARD

PAvEs < : > < : >
\

> <

WAL lISc

M%

CORROSIVE  CORROSIVE
Bengaluru ACID BASE

1

a.

1.5 Laboratory Hazard Sheet
Make a lab layout using some software and save it as an image file.
Insert it in the ‘Room floor plan’ box.
Ensure that you include (in the floor plan)
ALL windows and doors
+ Location of wet benches, fume hoods, laser assembly, chemical
storage, High- Voltage equipment, compressed cylinders and bio-
logical hazards
+ Location of lab telephone and fire extinguishers and preferably light
switches
Make use of the personal protective equipment table to specify protec-
tive gear like ‘Nitrile gloves’, ‘Laser safety glasses -xyz wavelength’ etc.
Please be specific with the type of protective gear.
Use the ‘Description of Lab Hazards' column to indicate hazardous
substances. Reference symbols have been provided with this template
document. Next to the symbol, specify the hazard as accurately as fea-
sible. Eg: Laser- Class 4; Compressed cylinder-Silane; Acids - HF acid
etc.
Prepare a new document once in 6 months or every time you make
major changes such as shifting of equipment or addition of hazards in
your lab.
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Department CeNSE

Review & Initials (every 6 months)

Room No  SF-XY } o

Lab Name: XYZLab
Emergency Contact Name Office Telephone
Safety In-charge 1 Student name 1 SF-XY Mobile. No.
Safety In-charge 2 Student name 2 FF-XY Mobile. No.
Faculty Faculty Name TF-XY Mobile. No.

Room Floor Plan:

Window

Fume Hood O

[\

Optical Bench

JAN

e

VAN

HV
Power

Supply

Reference Symbols of Hazards

Description of Hazards

Nitrogen
cylinder

Acids in
fume hood

Class 3B
He-Ne Laser

> [ [>>

HV power

supply
equipment

[ [\

Protective Equipment

1

Laser safety glasses
632.8 nm

Compressed gas Flammable Toxic Corrosive
Laser High voltage Radioactive Bio-hazard

Nitrile gloves

Lab shoes

AW N
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11.6 Safety Policy
The Indian Institute of Science (IISc) is committed to the health and safety of everybody on both its campuses. The

purpose of this safety policy is to establish the responsibility of the 11Sc’s various stakeholders towards this goal.
This policy applies to all the IISc’s activities; including research, teaching, incubation, and external projects. Further,
this policy applies to all the employees, students, visitors, and contract workers of the lI1Sc.

The policy is based on the following Directive Principles:

a. Safety is paramount: The safety of everyone on the IISc’s premises is the primary concern. All activities, includ-
ing research and teaching, must be conducted without compromising safety.

Accountability: Any person having access to any equipment or material housed in the Institute campus(es)
must ensure their and others’ adherence to the highest standards of safety besides taking personal responsibil-
ity for his/her actions and omissions.

b. Trust but also verify: The Institute recognizes that, as a diverse research campus with more than 40 depart-
ments within which a variety of research is being conducted, there is a diversity of hazards and attendant risks.
The people responsible for setting up facilities and guiding experiments are expected to be aware of the at-
tendant hazards and risks, and are entrusted with taking necessary safety precautions. The primary role of the
Safety Committee is to set safety policies while the role of the Office of Laboratory Safety and Environmental
Health (OLSEH) is to implement these policies and monitor compliance. The Institute requires its departments
to implement its safety policies in both letter and spirit and reserves the right to verify compliance.

1. Definitions
‘Institute’ refers to the Indian Institute of Science and includes all its extended campuses.

‘Laboratory’ refers to a room or space or field used for research, teaching, measurement, or operations. Often labo-
ratories are fraught with chemical, radiation, biological, radiological or other hazards. For the purposes of this policy,
the term also includes the pathways along which material is carried from one laboratory to another, storage areas,
and preparatory spaces.

The ‘Office of Laboratory Safety and Environmental Health (OLSEH)’ is an office approved by the Council consisting
of Environment Health and Safety (EHS) Officers. Its responsibility is to implement Safety Policies.

‘Safety Committee’ is a Committee consisting of faculty members/staff nominated by the Director to oversee and
supervise OLSEH and to formulate Safety Policies for the Institute.

‘Department Safety Champion' is a designated permanent staff of sufficient authority appointed by the Department
Chair (or Centre Chair) to oversee safety in a Department/Centre. Every Department/Centre must have a Safety
Champion.

‘Employee’ includes any person employed on the Institute’s premises, either directly or through an agent. It includes
anyone working on the premises, whether on remuneration, on a stipend, or voluntarily. It includes temporary and/or
contract employees, whose terms of employment are expressed or implied. It includes faculty members, whether
tenured or on contract, contract workers, post-doctoral scholars, research associates, probationers, project staff,
trainees, and interns.
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‘Principal Investigator' or P, is an Employee, often a faculty member or scientific staff member, under whose super-
vision an experiment or any other activity is being undertaken in a laboratory.

‘Users’ includes every person using the laboratory, equipment, research infrastructure and other facilities on the
Institute’s premises. Most often, these are employees and students. Users can also be short-term and long-term
visitors, with the term applying to foreign exchange students, visiting faculty, collaborators, interns, parent/sponsor
institutions, employees of companies, and individuals who temporarily access facilities at the Institute under any
arrangement.

‘Contractor’ is an entity or person who renders services, provides work, or supplies contract labour to the Institute.
This includes the tiers of sub-contractors who may be employed by the contractor.

‘Incident Report' is a written account of any emergency evacuation, emergency alarm trigger, injury, or accident that
occurs in a Department/Centre. Incident Reports must contain a description of the event, a preliminary investigation
into the cause, the prima-facie cause, and recommendations to prevent such incidents in the future.

‘Emergency Response Plan’ a clear and sequential plan that prescribes the actions and actors during an emergen-
cy. The plan is drafted by each Department Safety Champion in consultation with OLSEH.

‘Emergency Response Team'’ is a team drafted by the Department Safety Champion and tasked with supervising an
emergency in that Department/Centre.

2. “Safety Rules” means the rules laid down by OLSEH or the IISc Safety Committee that must be followed
by all “Users”. These rules will be listed on the OLSEH website and are subject to revision from time to
time. All users must abide by the Safety Policy and Safety Rules and will be responsible for their actions/

omissions.

The lISc Safety Committee will consist of faculty, staff, and other personnel as per the relevant norms. The primary

role of this committee is to:

a. Review the IISc’s Safety Policy from time to time and suggest modifications if any are required.

b. Oversee the activities of OLSEH with respect to the effective implementation of safety policies and advise them
from time to time about relevant matters.

3. Office of Laboratory Safety and Environmental Health (OLSEH)

The Institute has established the Office of Laboratory Safety and Environmental Health (OLSEH) to be the primary

body responsible for the effective implementation of workplace, environmental, and laboratory safety across the

Institute. OLSEH shall report to the Institute Safety Committee. OLSEH will comprise EHS Officers and Senior Per-

sonnel. OLSEH will:

a. Conduct periodic risk assessment of all activities, equipment, buildings, policies, procedures, training, and man-
uals across the institute. These include but are not limited to, research activities; department buildings; and
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student housing; contractor and vendor regulations; and waste and effluent treatment.

Take suo moto notice of any safety issue and investigate.

Bring to the notice of the Safety Committee, in the form of a report, any hazards observed during assessments
or investigations along with recommendations about how to reduce, eliminate and contain said hazards.
Provide recommendations on safety policies and actions to the Safety Committee. The recommendations can
include, but are not limited to, such matters as rules for personal protective gear, standard operation procedures,
waste disposal, storage, emergency response, and incident reporting. In extreme cases of non-compliance (as
outlined in this Policy), OLSEH can recommend the closure of laboratories/facilities. OLSEH can recommend
the scrapping of faulty or obsolete equipment at the request of the PI.

Conduct scheduled and spot audits to ensure that the rules of the Safety Policy prescribed by the Safety Com-
mittee are being followed in both letter and spirit across the Institute. To conduct these audits, OLSEH has a
right to demand complete and unfettered access to all spaces across the Institute.

Inform the Safety Committee of any breach of any prescribed Safety Policy or Safety Rules by any User on the
Institute’s campuses.

Periodically review the Institute’s Safety Policy and submit any proposed changes to the Safety Committee for
approval. Once approved, OLSEH will inform all stakeholders of the changes made to the policy. This must be
done within a reasonable amount of time.

Implement the directions of the IISc Safety Committee. This may include matters related to technical advice,
the implementation of policies, the conducting of investigations, the procurement of information, and follow-up
on action items.

Ensure that the Institute has all the required statutory approvals it needs from the state and central govern-
ments and other regulatory agencies.

Assist the Pl in obtaining required equipment- or facility-specific statutory approvals from the state and central
governments and other regulatory agencies.

Serve as the Institute’s primary point of contact with all regulatory agencies and governmental departments.
Facilitate any external safety audits mandated by regulatory agencies or appointed by the Safety Committee
from time to time.

. Solicit the Safety Committee for funds to improve the safety infrastructure in the institute.

Serve as the primary source of contact for Department Safety Champions (on behalf of Safety Committee).
Compile the biannual self-audit reports from Safety Champions of individual departments.

Maintain a list of Department Safety Champions, along with their emergency contacts.

Maintain a record of all safety incident reports generated by the Department Safety Champions.

Serve notices to Users/Pls in case of violations of this Policy.

Coordinate with campus security, the Health Centre, and the Centre for Campus Management & Development
(CCMD) to provide the support necessary for ensuring safety within the Institute’s campuses.

4. Department Safety Champion

Each department or centre shall have a designated Safety Champion, who must be an Employee of the Institute and

part of the cadre of faculty and scientific staff with sufficient authority. The Safety Champion will be appointed by

the department Chair and OLSEH will be informed of the appointment. The Safety Champion will:

a.

Be the primary point of contact at a Department/Centre for the Safety Committee and OLSEH.
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Be responsible for identifying and informing OLSEH about any unrecognized hazards in the department.
Maintain a list of Principal Investigators for all laboratories, along with their emergency contacts.

Maintain records of the biannual safety-audits submitted by each Principal Investigator and compile these bian-
nual self-audits into a report to be submitted to the OLSEH every six months.

Conduct investigation into any safety complaint from users and, if necessary, escalate the issue to the [ISc Safety
Committee and OLSEH.

Generate and maintain records of Safety Incident Reports. A copy of these must be sent to OLSEH and shared
with the department’s members.

Establish an Emergency Response Plan for the department as per the norms set out by the Safety Committee.
This plan may include details about fire prevention, fire alarms, emergency evacuation, and assembly points.
Educate the department community about the Emergency Plan in a mandatory safety session and through a
surprise emergency drill, to be organized at least once every year.

Establish an emergency response team responsible for overseeing any emergency response. A subset of the
ERT must be on call 24x7 to respond to an emergency. The ERT must ensure complete evacuation, offer technical
advice to first responders, inform OLSEH, inform the Security Officer, call the Emergency vehicle(s), and manage
the assembly points. The ERT is expected to understand the safety hazards present in the Department. The ERT
is also the only body with the authority to declare an “all-clear”.

5. Principal Investigator

All laboratories must have a supervising ‘Principal Investigator’ or PI. Typically, this will be a faculty member, scientif-

ic officer, or senior project staff member. The Pl is entrusted with the safety and well-being of all Users and Contrac-

tors in their laboratory. The PI will:

a.

Be responsible for implementing the safety policies prescribed by OLSEH in their laboratory. Any sought excep-
tions must be approved by OLSEH.

Be responsible for arranging funds to implement the safety policies prescribed by OLSEH. This includes, but is
not limited to, funds for personal protective equipment, safety detectors, storage cabinets, fume hoods, gas cab-
inets, signage, first aid boxes, and fire exits.

Appoint a laboratory safety monitor. The monitor could be a senior research student, project staff member or a
scientific/technical staff member.

Ensure the prominent display of the laboratory plan that lists hazards and entry/exits using the format specified
by OLSEH.

Develop well-documented safety protocols for non-standard equipment/facilities and ensure all users are trained
in these protocols.

Respond to any request for safety infrastructure or complaints made by the Users in their laboratory.

Provide a structure to appropriately train Users of their laboratory in order to manage possible laboratory haz-
ards. The structure must be comprehensive and designed with a ‘reasonable’ User in mind.

Monitor the entry of personnel into their labs so that only people with appropriate safety training are exposed to
lab hazards. Conversely, people who cannot have such training must be excluded from labs.

Conduct a biannual safety audit of their laboratory. The self-audit should be comprehensive and prepared in the
format prescribed by OLSEH.

Submit the following statement to the Registrar for all new projects:
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“The risk assessment for these planned activities has been done. Infrastructure to conduct the activity safely
either exists in the lab or is built into the funding structure of the current proposal.”

6. Users

All Users will:

a. Be personally responsible for their own safety.

b. Follow the Safety Rules prescribed by the Safety Committee and/or PI.

c. Undergo training in laboratory protocols and emergency responses

d. Learn about and understand the potential hazards present in their laboratories and act in a way to minimize the
risk posed by those hazards.

e. Not indulge in any activity that, in their own assessment, can pose a threat either to themselves or to others in
the Institute premises. In this, they are allowed to override directions given by the PI.

f. Inform the Department Safety Champion of any coercion to violate safety norms. These reports will be kept
confidential. In extreme cases, information may need to be provided to the OLSEH or Safety Committee.

g. Strictly adhere to the safety practices and standard operating procedures established for the laboratories they

work in. All Users are expected to be trained and tested in these practices and procedures before starting work
in the laboratory to which they are assigned, and must undergo retraining and testing at regular intervals. Seri-
ous violations might lead to the exclusion of the Users from the laboratory for a specified period or indefinitely.

7. Consequences of Non-compliance and Indemnity

Any violation of this Safety Policy or Safety Rules will be handled as follows:

a.

For a first-time violation, OLSEH will send a white notice to the responsible Principal Investigator, with a time
frame for remedial action based on the severity of the violation.

If the violation is not remedied within the timeframe, OLSEH will send a yellow notice to the responsible Princi-
pal Investigator with an insistence on immediate action.

In case of non-compliance, even after the issuing of a yellow notice, OLSEH will send a red notice to the offend-
ing Principal Investigator and order a temporary closure of the laboratory/facility until the violation is remedied.
In cases of severe violations requiring immediate remedial action, the OLSEH office may directly issue a yellow
or red notice.

In the event of damage to property or other loss caused to the Institute due to the violation of the Safety Policy
or Safety Rules, the User/s shall fully indemnify the Institute and hold the Institute harmless against all loss, inju-
ry and damage. In addition, the Institute reserves the right to claim damages/compensation for any loss caused
by the actions/omissions of the User in relation to the Institute’s Safety Policy or Safety Rules.
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8. Acknowledgement

The lack of attention to sound safety practices can lead to the loss of property, the compromising of years of pains-
taking research, serious injury, and, in extreme cases, the loss of life. The Institute, therefore, considers it the duty
of all individuals to adhere to this Safety Policy and the attendant Safety Rules published on the OLSEH website.

All faculty, staff, and registered students of the Institute are expected to read and understand this Safety Policy and
agree to work towards adopting a strong culture of safety.

Visitors, short-term and long-term users (such as foreign exchange students), visiting faculty, collaborators, interns,
employees of companies and individuals who temporarily access facilities at the Institute under any arrangement
need to acknowledge the Institute’s safety policy in the manner given below.

| hereby acknowledge that | have read the ‘Policy on Laboratory Safety and Environmental Health' and understand

my responsibilities under this Policy.

Signature:

Name:

Department:

Purpose of Stay:

Date:
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