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ezl azends Vs Salety Hazards
aNSEalv=Sarety

mpSalety concerns: Imminent Danger.
m [Healthrconcerns: Health Effects

Rlhiysical Hazards

) Nolse

n A5 Al Stress

n Eire

u BUrn

m Cut

m Pressure

n lonizing and NenieRiZngNEdiZne)
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EhysicalNSezardsiinr Laberatony

=B

= Howplate; hurner, glassware

Vialftinctioning equipment
(thermoestat)

lIncompatible accessories
(rubbingtubing)

Improper procedure

= Cut

m Scalpel, broken pipette,
broken glass, needle stick
Conditions ofi the tool
Housekeeping
Users’ training

&

PhySicaiNS EzandsnrCakeratory (cont.)

1 Prassipe

= Gasieylinder, pressurized
E0UIPMENT elhsetup
Pressure test
Priessure reliefi device

Flashback arrestor for
flammablergases

a lonizing radiation

m Energy emitted from
radioactive atoms, and
have sufficient energy to
overcome the binding
energy: between an
electroni andian atemte
cause Ionization:




lGRIZation

» lonization is the remoyvall of an' electren from
ani atom or an ien, resulting InranNieRNEIR

+» lonization Is the primany causeroiNEeianen-
Induced! biclegicalldamage:

BESICHNPESIOINenIZNg Radiation and Their
IHazands

AlphesEele, Gamma/X ray, AN
N el t re)p] Penetrating Distances /D

g Paper Plastic Lead Ceoncrete

External Hazard: @t

I f Beta
-

Gammea/X > Beta > Alpha

= ‘Internal Hazard:
Alphal = Betar > Gamma/X

by Gamma and X-rays
L]

'on_ Meutron
[s]




EACIOISYANECINeIBIelegical Damage

Tzl Plose

[DESErRALE

IVpEs ol Radiation

Area off the Body Irradiated
Cell Sensitivity

Individual Sensitivity

REGIEWGRIDOSES ffom Different
SOUICES

Vianmade:
18906

Occupatienal:

|ess than
0.3%

— Nattial
Background:
S2U)




B
E SplcEs eirRadiation: Man-
ade

aNHEMNHa|or sources of man-made
rAdIBeN exposure are:

Vedical Radiation
Radioactive Fall eut
Consumer Products
Industriall Applicatiens

E‘ 'F

IREEIESIeIRaMIauoN Protection

me

m Planrcareiully to
reduce exposure time

=’ Distance

m Remote operation if
needed

x Shielding
m [.eadi shield, Plexiglass




E‘ o
EXIstinel Controels

UETRENeW activity,
Sealedradiation
SeUICes

Store inlead save

Conduct regular leak
test

Apply: standard
|alberatory practices

~ v
E NeRIGRIZING Radiation

sNNEREIGNIZING radiation

s RAdIBuen that does
peLhave the amount
Ot ENergy. te ionize an
aLemIsnenR=ionizing
radiatient(INIR); e.g.
microwaves, UV lights,
LLaser.




The Electromagnetic Spectrum

Energy  Frequency Wavelength Wavelength
(eV) (Ha) (m) (nm)
14 — — 20— — 300
1.2x10 » 3x10%8 C 10 s Ultraviolet
— - o —Violet—] [~ 400
1100 1~ a1 w0t Blue -
o = L lonizing G |
= — —  Radiation = =
6 —— -+ 12— =Yelow= | _
t20% T s R Oraign 600
1.2x102 i 0 w1016 % = 108 " = Visible Red — 700
~ - = e | Infrared | [~800
2 = aqpl2 4+ 194 n
122102 = 3102 10 - X . —.
I = [~ Microwave — Super high frequency
12x108 - &P 1 = Ulrahigh frequency
m - — . —— Very high frequency
T [ L Radiowave ——'\ High frequency
121001 adt w0t —\ Medium frequency
— — —  Extremely low frequency l\ |\-{°‘-“f|feql;9"°‘r'
[~ = ery low frequenc
P L SR ST I L

,

v

BZeNeErsisTNeR=onizIng Radiation

N GHZaUeRNSTHE main mechanism; for damage by radiation
(BUchras x=ray and gamma)

w RE/AVIWSradiation does not have sufficient energy for.
IONZalieR: It 1S AoN-Ionizing radiation
n \Werknew ienizing radiation increases:cancer: riskiatsiigh

dose. No doese response relationshiprhas been
substantiated! for non-ionizing radiation

s Compare the energy:
m C0o-60/photon: about 1 MeV

m Microwave energy: about 10:° eV
that of the energy of' the Co-60Ipheten)

imes, less than

Energy levels associated with ionizing radiation are many:oreers of

magnitude higher than that of the energy levels of non=IeniZing

radiation

=4




[SaSer

MEESEIF=acionym

NNght Amplification by Stimulated
Emission of Radiation

s [Saser - a safety definition:

- A hiighly cellimatedisource: eff extreniely
Intense monechromatic eleciieniagnetic
radiation
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[FESer@lassification

CIESSIfication based on the ability of the

pPrImealaser beam to cause biological
damage to the eye or skin.

. There are four laser classes.

10



ZSERElassiiicaton (cont.)

. Class I

VAGCESSIBIeNaser radiation < class 1 AEL for 100 s

Cons/aered to be incapable of proaucing damaghig,
raaianor. Jevels: auring operatior.

NGt hazardous, even If output is gathered 13y Gplics

Exempt from;any control or other Aerms; oii
surveillance

*Maximum Permissible Exposure (MPE) The maximum level of radiation to which human tissue may

be exposed without harmful effect. MPE values are found in the ANSI Standard Z136.1 2007
*Class | Accessible Emission Limit (AEL) = MPE * Area irradiated

[BESEREIassIiication (cont.)

. Class Il

Emitsiin thevisible portion
oftherspectrum (0.4 to 0.7
i)

Averaee pewer < 1 m\W;
[less thaniClass I AEL for
pulserduration; < 0.25s

Eye protection is mormally
afforded! by, the aversion
rEsponse.

Hazard would exist ifi
viewer stifled aversion
reflexes, i.e. blinking|and
looking away:

11



[BESEREIassiiication (cont.)

Glassylll=Woaderate-Power Laser

. €an cause harm to eye in less time than it takes
10 blink (1/4' second), skin and! diffiise refiection
hiazards not important

[BESERElassiiication (cont.)

GlassHIIR

- 15 timesi Class, | AEL (<0.4
Ui =0.7-tm)

- | 5 timesi Class 2 AEL (> 0.4
Ui, <05 70im)

- Potentially’hazardous under
some direct and specular
reflection viewing| condition

- Not harmful at a glance,
collecting optics needed to
cause harm

12
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[BESEREIassIiication (cont.)

w Class I'l1B

= =0 Am, =104 um

AVerane power <0.5 W
Hj=0r25/S

0.15 J T<0.25 s
s 0. 40m to 1.4' um

Average power <0.5 W
1<0:25's

0.03/C, J per pulse

m Vay be hazardous under
direct and specular
reflection viewing
conditions

= Bare beam couldiinjurereye

v w

:’Laser (@Igssiiication (cont.)

o Clziss [ Elieles
POVVErILaser:

s Can|cause eye
damage by diffuse
reflection, also skin
injury.and fire hazard

. May: alse produce laser
generated air
contaminants (LGAC)
andl hazardeus plasma
radiation

. This class reguires
Serious controls:




[FaSer Hazards

BeamHazard
- Ve
« Skin

- “Electrical

. [Dye

. Gas

- Other hazards

Beam Hazands

NREXPESUIES 1o |aserbeam can cause severe eye injury.

14



VIRIRIZEN ESEIRPOWET:
Brevenlaserflseam; firom
JeaVing therdesignated work
area)

Enclesebeani path as much
asipossible

Secure laser elow eye level
Tiraining

Follow manufacturer’s
instruction and establishi Safe
Operation Procedure:

BEAm Controli(cont.)

15



BEA Coninol (cont.)

Suggested Class 2 Laser
Laboratory

1. Operating Instruction

2. Benches against the wall to prevent students from looking into the beam
3. Beam stops to prevent reflection of the laser beam

4. Multiple class 2 lasers in the rooms

16



Suggested Class 3a Laser
Laboratory

1. Cabinet for safety glasses if necessary for alignmen
2. Caution f Danger sign on the door

3. Operating instructions

4. Benches against the wall to prevent students from looking into the heam
5. Beam stops to prevent reflection ofthe laser beam

B.'WWall separating laser stations

7. Multiple class 3a lasers in the lahoratory

*

aNpENIepPeIntlaser at any individual

n DO NEEVIEW: laser beam directly or its
specular (mirror-like) reflection

m Use Class |1 laser pointer (< 1mW)
m Controll access

Saieryseroffltaser Pointers

17



y
s USing Green Laser
PoInRter for teaching

s Using microwaves

Biological Hazards

18



Definitign-of B_i_ghazards

iances which
th or well

These includ iin bacteria, fungi,
viruses, rickettsiae, chlamydiae, parasites,
recombinant DNA products, allergens, cell

cultures, toxins and clinical specimens.

Biological Hazards

— Indgor air
Laboratory animals..
Biological toxins
Recombi'nan_t DNA mo

19



_:_B-acte'-r-i.a:_

 Bacteria appea?r'f"‘in
many different si

Bacteria (cont.)

+ They look differentin
colonies SLERG

20



miniature plant

sized intrac
parasites

21



e There are many

of protozoan
pathogens,

vectors of.

Protozoa

nds_ .

22



Infectious Agents--Clinical
-“f’-SpeC|mens*--"-

- V|ruses causmg other hepatltls 6 g HCV
* Clinical spemmens of blood- contalnlng organs and

Infectious Agents--Experimental
Materials:

blologlca age

Freshwater, seawat
samples

Soil, sediment, sI
Food samples

23



Infectious Agents--Indoor Air

Bacteria--Legionnaire’s Dise é§e

— Asperglllus sp
— Penicillium sp. -

athogenic, toxic

Laboratory Animals

Other mtroduc_ed hazards ‘'such as chemicals
and radiation

24



_Others.

* Biological tc 3
— Saxitoxin

* Recombin

e Cell cultures

“etrodotoxin

— Cancer cell lines, infected cell lines

Class 111 . 3
— Highly infectious pat
— Diseases can be set
Class IV

- HighIy"infectiﬁqus_'pa-thogens

in the community
— Diseases are often fatal

life threatening

that can easily spread

25



Exposure Pathways

o Air
— Droplets

— Casual or intim
— Contaminated *
MECHELS

 Animal or insect
vectors

* Oral (ingestion
— Eating, drinki
— Mouth pipettir

* Respiratory (inhalation)
— Contact with infectious m
— Aspiration through-'_p_i_pette
— Inhalation of airborng-m
« Sources: <y

— Operation of centrifuges, tltra-centrifuges, homogenizers,
Cu__lture_stir_rer : S i

26



Common Routes of Exposure (cont.)

p objects or

— Animal bite or scra

General_______l?r-inci-ples to Prevent
Occupational Infections

« Inhalation route .
— avoid aerosol generati
— contain aerosol gen
 Skin penetration

27



Englneerlng Controls for Biohazards

|solated/sealed rooms

— special ventllatlon & g.'j
HEPA filtered air exhaust'f-_ P g

— special drainage, e.g. holdlng tanks
— waste dlsmfectlon ' 3
— other features; e.g. UV Iamp SR

Engineering Control

28



Biohazards Associated with Teaching
‘Laboratories

* Dissection
— Cut, nee

 Control
_ Source =N
— Use proper PPE
— Coverwounds
— Disinfection and disposal
— Personal hygiene

29



Biohazards Associated: with Teaching
Laboratorles (cont.

« Control
— Source _ .
— Immunization; con ation, medical
surveillance " -
— Hands-on trainin

Biohazards Associated-with Teaching
Laboratories (cont.)

« Handling biol
samples

e Control
— Source : :
— Adopt Unlversal Prec

— Minimize aerosol generati g’av0|d centrifugation
and asplratlon procedures

— PPE .
— Personal hygie'n'é "

30



Biohazards Assouated ‘with Teaching
Laboratorles (cont.)

. Control
— Source
— Hypersensitive i idual (avoid contact)

Biohazards _Assomated with a Typical
Molecul-ar Biology Experiment

Hostcell = .

Infectlous cel'l Imes”
Vector kN
— Self-replicating?
DNA Insert

_ Nature of the msert, size of the'lnsert type of end
products produced?

31



Biohazard: Issues-and Concerns

Quality of the biolog_ic'él-'-;samples
— Infection, contaminations

Take special precaution ¥

handling potentiall

biological mater

Training : }
— Standard microbial maniptlation
technique

— Aseptic technique
— Universal 'Pre_cautiona

Biohazard: Issues and Concerns
" (cont.) =

— Disinfe
steril :
 Be familiar with the
hazards associated
with Electrophoresis
— Staining agents,
electric shock; Gel e
preparation, disposal

32



Chemical Safety

Case Study: Laboratory Fire Kills UCLA Res

A 23-year-old research assistant working at UCLA
lab fire in December 2008 recently died from her i

She was trying to transfer up to 2 ounces (~50ml)
chemical), which was dissolved in pentane from on

by a 50 ml syringe. -

The barrel of the syringe was either ejected or pulled out of the syringe, causing

liquid to be released. '
A flash fire set her clothing ablaze a i rns\

over 43% of her body.

33



-
Fire Hazard of Pyrophoric Chemical k

Case Study: Mixing of Incompatible Wastes

* Auser disposed 300 ml of
acid waste into a waste
container

* He then capped the lid and
put the container info a
flammable cabinet.

e After half an hour, he heard
an explosion next door




Case Study (cont.)

Picric acid with water content less than 40% is classified as
explosives f

i

http://www.info.gov.hk/gia/general/200103/06/0306213.htm

35



Explosion of Picric Acid (cont.)

Chemical Hazards in Laboratories

Pyrophorics
Water reactives
Peroxidizables
Shock sensitives
Cryogens
Flammables

Asphyxiants

-- yellow phosphorous
-- sodium metal

-- ethyl ether, tetrahyd

-- anhydrous picric acid
- liquid nitrogen, dry ice
-- organic solvents

-- inert gas such as nitrogen

36



Chemical Hazards in Laboratories

* (orrosives -~ sulfuric acid, sodium hydroxide
* Toxics -- formaldehyde, nickel compoun

* Oxidizers -- potassium permanganate

&,

Remember

READ your Material Safety Data
start!

o

Be prepared for emergenc

37



Chemical Safety: Controls

* Theidea is to avoid any contact with
chemicals by:

* Substitution
* Minimize quantity
* Isolation

* Personal Protective Equipment (PPE)

Controls

* Perform experiment involving
chemicals in a fume hood.

e Use PPE such as chemical-resistant
gloves and safety glasses

38



Performance of the Safety Equipment

*  Fume Cuphoard
— Containment
¢ Leakage
o Visual test (dry ice)
— Capturing

* An average face velocity of 0.5m/s
(BS Standard: >0.3m/s)

o Performance Indicator

¢ Maintenance contract

Selection of PPE

* (Compatible gloves

— Nitrile, butyl rubber,
latex

* Safety glasses vs safety | |
goggles Q—;Q

39



Observation

* Storage of chemicals
— Spill containment, spill tray
— Inadequate exhaust ventilation
— Spill clean up kit

* Fume cupboard

— Understanding the working principle of
the fume cuphoard

— Proper maintenance

New Challenge
* Trying to accommodate more
— Demand for more supervision, equipment
* More hands-on laboratory work at earlier a
— Skill, discipline

* Training for staff

40



Suggestion

* Start laboratory induction for students at ju
— Help develop a safety culture

* Require senior students to perform risk ass

— Develop a habit of finding out the risk, hazards associated with the
laboratory work and the necessary preventive measures needed.

In Summary

* A good habit could save a
bright scientist in the

41



