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Personal Protective Equipment (PPE)

Must be worn at ALL times in the laboratory

PPE: Eye Protection Options
v Get anti-fogging eyewear, Wear over specs, Must have side shield

Safety Glasses Chemical Splash Goggles Face Shields

> Protect from > Protect from liquid > Protect from voluminous
mechanical and impact hazards hazards, needed OVER
hazards splash goggles
> Needed for labs storing » For fuming or extremely
> Works for all labs chemicals dangerous chemicals: HF,

liq.N2 etc.




Personal Protective Equipment (PPE)

Must be worn at ALL times in the laboratory
PPE: Gloves

Thin nitrile Thick nitrile Heat-resistant silicone Cryogen gloves

» 2-4 mil thick
> General purpose, < » Used for Ovens, > Used for N2, He
2 mil thick > Works for Furnaces, Hot surfaces etc
corrosive

’
i

» Works for solvents
and biological
samples

chemicals, Acids &
bases, Toxins




PPE: Gloves — Do and Don’ts
How to Remove Gloves

Do

(Without Contaminating Yourself)

Check gloves for holes or
tear

Replace a torn glove
Dispose gloves in lab solid
waste before leaving lab
Wash hands after gloves

Don’t

contamination

Co

X Dispose of gloves in
appropriate container

Re-use disposable gloves
- Increase risk for

ntinue using a torn glove

Always wash your hands with soap after leaving the lab!



PPE: Footwear

MRC Provide shoes at entry for all the visitors ©
Enter only with MRC shoes !




PPE: Working with Cryogens

Face Shield

Eye
Protection

Hearing
Protection

Mandatory PPE for filling
liquid N, Ar, and He
tanks

Lab Coat

Cryogen
Apron

Cryogen or
Leather
Gloves

Long Pants

Closed Toe
Shoes




B: Safe Work Practice (SWP)

Don’t eat/drink 1n lab
No Chal, coffee
No mugs
No lunchboxes
No chewing

SWP: No Food In lab

Don’t store food 1n lab fridge




C: Chemical Safety (CS)
Most common type of hazard and the most preventable one
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CS: Hazard Labels

CHECK LABELS ON GHEMICAL GONTAINERS Know standard Hazard Symbols
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SWP: Material Safety datasheet (MSDS)

READ
MSDS

BEFORE USING

~\

Maintain hardcopy in lab

HEALTH HAZARD FIRE HAZARD
4 DEADLY FLASH POINT:

3 EXTREME DANGER 4 BELOW 73°F

2 HAZARDOUS 3 BELOW 100°F
1 SLIGHTLY 2 BELOW 200°F

HAZARDOUS
0 NORMAL
MATERIAL

R

1 ABOVE 200°F
0 WILL NOT BURN

N\

SPECIFIC INSTABILITY
HAZARD 4 MAY DETOMATE
MAY DETOMNATE
rE ACID 2 VIOLENT CHEM.
ALKALIMNE ALK, CHANGE
CORROSIVE COR 1 UNSTABLE IF
USE NO WATER ¥ ’ HEATED
RADIOACTIVE 'y 0 STABLE



CS: Chemical Handling

: Sash all the way up ﬁshlﬂii.EIEﬂtﬂ.PI. b
upemhngpmhun
Less Mg
effective effective |
control control
dirfoil 5111 ' :
Yapors are
t d withi
Yapars can spill rappe”:.?hnllg
aver the 3111 and '
into the room air
Cross-section
of laboratory
chemical hood
All chemical processing in Keep the sash as low as possible

fume hoods



CS: Fume Hoods

From Dow Corning Safety Presentation From Univ. of Waterloo

Don’t put face or head inside Hood is not for storage



CS: Transporting Chemicals

* Don’t carry chemicals with hands.
- Hazard to you and others

« Use bottle carriers, cart with trays, buckets, etc
 Avoid glass bottles




CS: Storage

 Separate storage for acids; oxidizers; and bases & solvents
- Acid + solvent are explosive
- Acid + base Is exothermic
- Oxidizers help combustion

At the very least use secondary containment

Secondary containment

Chemicals stored in rated cupboards.
- Not wooden shelves
- Large solvent cupboards are exhausted



HW: Spill Response

Neutralizing Kits Large spill kits Emergency evacuation

“_“ “ [\

 For significant

» 10-50 ml spill » For large spills, 0.1 toxic, explosive or

» Area must be to 50 liters fire hazards
barricaded and * Only by trained staff » Evacuate building
labelled * Affected lab to be « Trip fire alarm

evacuated
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D. Hazardous Waste (HW)

Don’t cook unknown soups
There is no common method of disposal




HW: Segregation

* Don’t throw chemicals in sewage (pH<4 or pH>10)
« Accumulate segregated waste in plastic containers
» Waste collected every month. For free

- Unknown waste is NOT accepted

- Most segregated and labelled waste is accepted

No\glass in trash No sharps in trash



Chemical
Hazard

Always refer to the
5D5

Flammable

Oxidizer

Flammable

Acid

From ehs.virginia.edu



Chemical Waste Disposal Guideline

Innocuous agueous Organic Solvent
waste
Acid (pH < 4) « Chlorinated
Alkali (pH > 10) Example: DCM,
Harmless soluble Chloroform,
Inorganic salt Chlorobenzene etc.
Alcohol containing
salt Non-Cholronated

Hypochlorite

solution Example: THF, ethyl
Fine (tlc grade) acetate, hexane,

silica and alumina | toluene, methanol, etc

* These chemicals should be

washed down with excess
water




CAUTION!
Chemical waste area

ORGANIC WASTE oA

Non-Chlorinated | : CONTENT:
Naghthabre , Acefansids
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Restrain Cylinders

O GAS
CYLINDER
STORAGE
e AREA
Secure up to two cylinders with
TWO chainsat 1/3 and 2/3 elght

E. Gas Safety (GS)
Chemical hazard combined with high-pressure hazards



GS: Hazards

Compressed inert gas N,, Ar, He, Co,

Flammable gasses H,, CH,, C,H;, C,H,, LPG Compressed gasses
Oxidizers O,, N,O

Toxic CO, H,S, BCl;, B,H;, Si,Cl,, GeH,, NH,

Pyrophoric SiH,, PH, Hazardous gases

(instantly catches fire in air)

Cylinders
must be
transported
on carts.
“NOT
ROLLED”

Restrain Cylinders

Al least mention gas name & use status



SWP: Cylinder at Point-of-Use

» Electrical box

S5m

- \\/indow

2m

> Open drain

Regulator and valve guard Regulator and valve guard

Cylinder must be placed in lab with enough

All cylinders must be used with ) :
exclusive zone around it

correct regulator and have guard



GS: Cryogens

Liquid Oxygen -297.83 °F (-183 “C)
Liquid Nitrogen -320.4 °F (-195.8 °C)
Liquid Argon -302.6 °F (-185.9 °C)

Sublimation Point
Liquid CO, -109.3 °F (-78.5 °C)

Liguid Level
g Gauge

Vent Pressure Ruplure Vent  Relief  Pressure Ruplure
Valve Gauge Disk Valve Valve Gauge  Disk

— ]

Annular Space
Rupture Disk i Tube—"B
:;‘::’u"’ﬁ“' Liquid Tube =
se
Vaparizer Float Assembly |
{Optional)
Outer Vessel

Rubber Shock Pressire  Economizer  Linuid  Gas

Muunt:s Vale Building Building  Regulator Valve  Vahve
Foot Ring Regulator  Valve

Side View Top Views

Compressed Cylinders Cryo-rated PPE

Glass dewars
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F: Fire safety (FS)
Fire: the combination reaction from interaction of HEAT + FUEL + OXYGEN
Remove any one and fire cannot spread
Do you know what to do in a emergency?




FS: Stages of Fire

Timeline of a Fire

Flashover

-

Ignition

TEMPERATURE

_Development

Fires are very difficult to control once it crosses the flashover
stage. Therefore, calling fire brigade ASAP makes all the difference



FS First Extlngmshers
To operate an extinguisher:

P ull

Aim

S queeze

S weep & '.'_-_ e :“'"
e -@SWEEP nozzle

side to side

SQUEEZE
the handle

« All labs must have them in clearly marked places
- One for each class of hazards (see next slide)

° They expire. Make sure to refill/service them Learn how to use them. Very cheap to
- Typically need service every 3 years. organize practical training on test fires



Type

Extinguisher

Fire

CLASSA |CLASSB CLASS C CLASSD | Electrical CLASS F
Combustible | Flammable | Flammable | Flammable | Electrical Deep fat
materials Liquids (e.g. | gases (e.g. gases equipment | fryers (e.g.
(e.g. paper | paint & butaneand | (lithium & | (e.g. chip pans)
& wood) petrol) methane) potassium) | computers &

generators)

Comments

v

Do not use on

extremely high
temperatures

Water x x x x x liquid or electric
fires
Foam Not suited to
/ / x x x x domestic use
Can be used
Dry Powder ‘/ ‘/ ‘/ ‘/ ‘/ x S%%Ig UPIttO
volts
Safe on both
CO2 x / x x / x high and low
voltage
Wet Chemical v x x x x v Jse on




FS: Fire Response :

KEE

Raise the alarm

CALM

Leave the building by the
nearest exit

AND

RAISE THE
ALARM

Report to assembly point

Do not return to the building
until authorised to do so

Shout
“FIRE FIRE FIRE FIRE”

Do not use lifts



KEEP AN EYE OUT FOR
TRIPPING HAZARDS

TAKE CARE WHEN
USING ELECTRICITY

ITHAS THE

E)@Wﬁmm Kl l.l. éEfORE THEY FLOOR You

G. Electrlcal safety (ES)
Grounding, Insulation, phase matching, and electrical distribution system




ES: Electrical Hazards & Steps for prevention

ll

1. Replace any worn-out
or stripped wires

E o 2. Only use

_ 3. Earth all equipment
3-pin plugs

4. Power strips
- Avoid them
- Use power strips with fuse
- Calculate the load




#=| 65 No water in

&2 vicinity

7. No wet T~ 4 ‘q’h . 8.Don’t pull cord
hands Eaw W i

off

10. Switch




LASER HAZARD

H. Laser safety (LS)

Exposure to laser light can cause significant damage to the skin and eyes
- Typically in the form of burns and direct damage to the retina.



LS: Hazard from Laser
Exposure to laser light can cause significant damage to the skin and eyes-
typically in the form of burns and direct damage to the retina.

S|l S IR A (NIR) Retina damage is
* 380 nm 780 1600 nrm
= : often permanent and
| ] Irreparable.
400 nm 600 nm | 800 nm 1000 n
100 nm nm 500 nm 700 nm 900 nm
Cornea and lens

damage can heal
although the injury
IS Incredible painful

< > < > < >

Corneal/lens
damage

Retinal damage Corneal damage



LS: Safe practices
Use appropriate safety eyewear whenever working
near laser beams with non-negligible powers

-> Class 2 for visible lasers

-> Class 1 for invisible lasers

- Even if you personally are not using the
laser
Use laser safety curtains, laser barriers and laser-
blocks to prevent direct or reflected light from
leaving the experimental area.
Post appropriate warning signs or labels near laser

cLass 4
LASER
PRODUCT

setups or rooms
ADANGER

CLASS 3B LASER RADIATION.

AVOID DIRECT EXPOSURE

TO THE BEAM.
DO NOT DISCONNECT AVOID EYE OR SKIN EXPOSURE

WHILE SYSTEM IS ACTIVE. TO DIRECT OR SCATTERED LASER LIGHT
NEVER AIM AT AIRCRAFT - IT IS UNSAFE AND ILLEGAL




CAUTION

RADIATION ?

-

RADIATION

4ACAUTIONAA
RADIOACTIVE

MATERIALS

|: Radiation safety (RS)
X-rays, Magnetic field, Radioactivity, etc



RS: X-ray Protection Practices
As Low As Reasonably Achievable (ALARA)

* Reduce time spent with
X-rays on
» Track per day exposure

« Keep as far as possible * Reduce radiation to < milli
* Don’t loiter roentgens hr.

Depending on the
Instrument, may need
thermoluminescent
dosimeter (TLD), a
type of radiation
dosimeter

Exposed X-ray
sources and self-
designed equipment
may need to be
registered with
AERB on eLORA




RS: Shielding

X-RAY SAFETY IN THE LAB

Comparisons on shielding requirements for X-rays
Paper Plastic Lead Concrete

nﬂlw Gamma and X-rays

‘o __Neutron

n o




RS: Radioactive Materials

From Princeton.edu

— oy

« Use absorbent paper on all surfaces
« Use appropriate shielding

« Use dedicated equipment

* Clearly label everything

-

RADIATION

4.4 CAUTION A

RADIOACTIVE
MATERIALS

Store material under lock and key
Keep a track of usage

Supervise visitors

Segregate waste



