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LABORATORY SAFETY

GENERAL LAB SAFETY




RULE NUMBER ONE:

SAFETY
IS OUR FIRST
PRIORITY




GENERAL RULES

You are responsible for your safety
Safety training mandatory before working in the lab

m Lab-specific safety training

Use of appropriate safety equipment is mandatory in
the laboratories: get familiar with them

Consider SAFETY when designing an experiment
m Safeguard continuously working equipment
m Avoid working alone in the lab

Keep labs clean and tidy

No access of un-authorized personnel in the
laboratory (especially kids)

No food & drinks in the lab
Use commohn sense
If in doubt, ASK!




SAFETY CONTACTS

m Group/Activity Safety Officer

m Principal Investigator
m Division Safety Officer
m Lasers: Petros Samartzis (x1467)
m Materials: Benoit Loppinet (x1465)
m Microelectronics: Ilias Aperathitis (x4123)
m Comp. Center: Vassilis Kirkinis (x1815)
m IESL Safety Officer: Petros Samartzis
m Office: N'260 - Phone: x1467
m Lab: B217 - Phone: x1333
= Email: sama@iesl.forth.gr




In Case of an Incident

= Remain calm!

m Assess the situation

m Call for help

m Seek medical attention
m Contact safety personnel
m File an accident report

= USE COMMON SENSE

http://safety.iesl.forth.gr




LABORATORY CARD

EPTAXTHPIO :B-207

YIIEYOYNOX EPTAXTHPIOY : A. Eyyhéing

Tniépavo : -1327(yp), 2810-318765(om),

YIIEYOYNOX AX®AAEIAY : A. Ayyhog (D. Anglos)
Tniépavo : -1154 (yp), 2810-235392 (om), 693 7748630 (k1v)

Tniépova apeong avaykng — Call for Emergency

Teyvuen Ynnpeoia -1094, -1095 Building service
[TOAN ITE (®OAGKOg) — -1111 FORTH gate
[TvpooPeotikn 199* Fire Department
Actovopia 100*, 2810-282316* Police

EKAB 166*

[TETIAI'NH 2810-392111* University Hospital
Bewilérero 2810-237502* Venizelio Hospital

* T eEotepir] ypopun mpmta o 9 (Dial 9 to get an outside line)




INCIDENT REPORT

Ovopa — Er@vopo

Iﬁlé‘m'm (Epgvvnmg, portntng)

Hpepounvia

Epyoaoctipro

Emotnuovikog Yrev0vvog

Eidog atvoymparog : Tpovpotiopds
YAkég nuiéc
Dot

IInyM atvpatog : Aéilep
HAextpucn tpo@odoaio
Xnpka
Tpopodocia vepon

Ieprypapn atoynuortoc:

http://safety.iesl.forth.gr




A message from Technical Service

Don’t abuse building facilities




LABORATORY SAFETY

LASER SAFETY




IESL LASER SOURCES

m Solid state (Nd:YAG: 1064/532/355/266 nm,
TiSapph: 800 nm)

m Gas lasers (HeNe: 632.8 nm)

m Excimer (KrF:248 nm, ArF:193 nm, XeCl:308 nm)
m Dye lasers (220-800 nm)

m Diode lasers (e.g. femto lasers pump units)

AVAVAVAVAVALS

Coherence,
Monochromaticity,
Directionality

LASER RADIATION

AVOID DIRECT EXPOSURE TO BEAM
DO NOT STARE INTO BEAM

HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH

LLLLL
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LASER PARAMETERS 1

m Emission wavelength (UV, Visible, IR)
m Output power/energy (mW-W, nJ-kJ)

m Pulse duration (cw, ns, ps, fs)

Band Wavelength

Ultraviolet (UV) UV-C 200 - 280 nm
Uv-B 280 — 315 nm
UV-A 315 - 400 nm

Visible (VIS) 400 - 700 nm

Infrared (IR) IR-A 700 — 1400 nm
IR-B 1400 — 3000 nm
IR-C 3000 -1 mm




LASER PARAMETERS 11

Radiant Power: P (W)
Laser pulse energy : E = [P(t)dt (J)
Laser pulse peak power : P = E/AT (W)

AT : temporal pulse width (FWHM)
Irradiance, Power density: I = P/A (W/m?2)
Energy density (flux) : F = E/A (J/m?2)

A : irradiated area
Brightness : B, = P(v) /A AQ Av (W/cm?srHz)
Sun (580 nm; 5800 K) = 1,5x10°12 W/cm?2srHz
He-Ne laser (1 mW, 632,8 nm) = 25 W/cm?2 sr Hz
Intensity : I(v) = P(v) /A Av (W/cm?2Hz)




LASER CLASSES

m CLASS 1 harmless

m CLASS 2 visible radiation
momentary exposure (0.25s)

m CLASS 3 3a (1 - 5 mwW)
3b (5- 500 mW)

no direct exposure

m CLASS 4 Pulse or cw (>500 mWw)
Extremely hazardous

ALL lasers in IESL labs are CLASS 4




LASER ACCIDENTS

Laser accidents (USA, 1964-1992)

LASERACCIDENT SUMMARY

Others
Fire

No-Hanmn exposure

M alfunction T

Electical |

Skinlnjunry

Eye Injury T

0.00%  10.00%  20.00% 30.00% 40.00% 50.00% 60.00% 70.00%

Most accidents involve eye injuries

http://www.adm.uwaterloo.ca/infohs/lasermanual/documents/section11 .htn&




LASER RADIATION DAMAGE

m EYES

150 mW
green laser pointer

(532 nm)

http://www.nejm.org/doi/full/10.1056/NEJMc1005818#t=article

m SKIN
5W/cm? for 1 sec
CO, laser

( 1 O I/ 6 I"I m ) http://www?2.Ibl.gov/ehs/safety/lasers/bioeffects.shtml



LASER vs HUMAN EYE

Simplified Cross Section of the Human Eye

Vitreous
Ciliary Body Humour
(Focus Muscle) \‘
Selera
Cornea
Retina
Iris 4
Laser Beam || fqvia
£ (Macular
V Lutea)
Iris 2

\ Optic
MNerve

Lens r.-_...,.._....--""'
Ciliary Endy/
(Focus Muscle)
Cornea (kepaTto€idng) : 1400 nm — 1mm & 180 nm — 315 nm
Lens (®akocg): 315 nm — 390 nm & 700 nm — 3000 nm (sel.)

Retina (au@iBAnoTpoeidng): 400 nm — 1400 nm




LASER ACCIDENT CAUSES

Cause of Laser accidents (HIA, 1964-1992)

LASER AQCIDENT CAUSES

Accicertal Exposure
Inccvied Eyevest
Impecper Senice
Mdlarybazard
Hich wittage
Equpment mafundicn
Eye Praedionnat us=d
Hicnrert Proceduwres

0.00% 5.00% 10.00% 1500% 000% 25 0% 20.00%

Most accidents take place during beam alignment
or/and because no proper eyeware was used

http://www.adm.uwaterloo.ca/infohs/lasermanual/documents/sectionl 1 .htn&




TAKE &5

Incident ALERT Message from Performance Surety

Student sustains laser eye injury

O kely 14, 2004, an undergraduaie
stzdent emp loved by ano ther govemment
agency was ngered while performing
work mith aClhass 1V meodvaum
i e ¥ laser at Los Alamos Natonal
Labomiory The studentcameto the
Laboratory to work with a LANL
saentint nvestigaing fe potential use
oflasen n sudving the commposition of
comeds

The sceerdtisl and studernt had sedupa
Lser experamen desgned 1o smpend
and then mahme partiches nside a
vacuem farget chamberusng an unussal
configuntion S was penther d escrbed
nor analheed mwork control documents
The expermmend weed a Partide
(rereqmng (PO laser 0 suspend 1he
particles and the (Hd YAG) Laser
Induced Preakd own S pectasco oy
(LTS taser w0 vaporome the sus pended
panticles. The P luser wasakigned
vertally o allow e beam to emer
thenoagh ke top of thetasmet chambeg
the L1AS haser was afigued honortaly
1o allooy dhe beam o ender through asde
wimdow The scxentst enesgized both
laser power supphes and was operatng
the LIAS aser wath the O sovicd tgmer
cable dscomedied (o mode the scentst
belewed did pot allow e LIRS hiser o
produce alaser beam) Wik e
swich disabled and the LIS hse's
flash s operatng , the samiss balevad tat
only whste light exded fe laser's opzcal tubeand
tmveled dowm the laser beam path The scientsst
wanied 1o demonsmate that dhe P0G lser coubd
suspend pantcies from the sample md miended o
e the Bk from tie .18 laser o i Bumimte the
suspeaded panicles and make Sem vishle nade
the targed chamber

The scient st fored and seaured the PO laser mad
then observed Se suspernded parisches Bemnated
b the LIAS hser maide fe target chamber He
tobd 1he sudent be could see suspended partcles
and mvited the sidert o tabe abook Asthe
andepi bent dowmn fo ook mio e chamber, she
smo a flash and sdhsequently poted areddsh
brownsubetance floaimg m ber lefteve  Nedhea
the sciensst por the sindent were wearning bser
eve protection The sades was taken o LANL'S
occupatxnal bealih facd sy (HSEAZ) ond was
refanned fo several eve specmbsts Laser eve
damage was confirmed Thesudent comimues to
expanmce loss of camral visoninher ket eve.

Laser operatons were suspended and the L ANL
mciorassembled a feam to mvestigate the
accidant, dedermme the cansal faciors, and make
recommendations

H satup showlng e targel
chummiser amd thes L IBS buser

n.-u-u_um'uuhuhg

Initial Analysls

The nvess gaton & neanng completonand formal
findngs will be made avadable o a few weeks
after comrective acdions are developed and
mcorporated  Lines of mquervhave mchuded the
use of personal protective equpment, 1he
memiomng md seperveson of sindenss | manag e
ment oversight and cotral of wosk ‘workers, and
1he reponting and notfcaton process for abaormal

FOR DETAILS:

® Qcourrence Report:

ALO-LA-L ANL-CHE MLASE R-2004-0001
= PE-T Ooourrence Investigatsrs:
Matt Hardy BE7-8335

Rita Hanins, 585-5531

An agtiona slan abol! this avant wiilfoiow
i tha invesigation mve sk geiak thal
indicals an unknown hazand sxsls for other
ampiopsss (nvolved i this iype of sl
Formom information abowt! *f = Take, " plaase
ool LANL PE.T af 5850033

August 18, 2004
LANL CHEMLASER 2004-0010

events Laborgony measumements ware made 1o
chamcierze the conditons andconfigurazon
belbeved w have existed wheatheacaden:
ocammred. Measoremais mdwaed dat the sirdent
could not have recs vad g lmereve mury under
these conditons because e LIS ser did mot
e a beam nikes configunaton. Comequenily,
e feam 5 evaluging Fother corfigumatons
could have resuied m the accadent

Inltial Recommandations
Managemean Level-Managers should

B Fpgre fal mquired safedy praciices ane
o lemented m de workplace;

B Fpmre imning squarements are compleded
Before auth oroeng waork,

W Fnswrehat pemonal profective squip ment 5
ued,

B Fogem bse parsoond complede o baselne eve
0TI I B0

B Fpgure changes 1o work and assocased
changes B work config wraion are astboroned, and
dhat these changes ar addressed mw ark contral
documends, and
B Provsde LANL amplovess weh thes st
Take,” edher frough Nesed Safay meetngsor
requzed mading pagrams
Worker Level Workers should

B Know the basards of harexpenment,

B Wearspecified laser eye profection as
meguized;

B Challenge unsafe or questonable bebawviar,
and of vou're pod more, a5k

B e imedocks as dessgred; and
W Preventeye exposmre 10 direct orsoatienad
radmzaon fmma Class IV laser

Bdam nformason will be proveded o em plovees
m ke "Tinal Take” alert messag e from Pecfor
mance Surety

B Lasera LIR 402-400-01.3

(o fweww eh doe govipea)

GUIDANCE: Resources at hand

For more information related to laser safety you can refer to:

m LaserSafety: Class 3D or 4 Self Study Course Mo, 17817
B Amencan Matonal Standards Instaue 2136 1 (Safe Use of Laserms)
B Lessong Leamed Operational Expenence Summanea, 2nd Qearter - 2004

B Occurrence Report ALO-LA-LANL CHEMLASE R-2004-001

B Ocoumence Report OAK-LBL-MSD-2003-0001

m Occumence Report ALO-LA-LANL-FIRMGHEL AB-1505-0002
m Oocumence Report ALO-LA-LANL-FIRMG HEL AB-1808-0002

e - Gl & i 8 el e B B gea t
o e ¢ o med Tiwe L DRSS G o




REFLECT ON THIS

Small fraction (4%) of pulsed laser beam, diameter 2
mm, with energy of 2.5 mJ]/pulse, reflected from a piece
of optic has energy density of :

(0.04 , 2.5 m3)/(n x (0.1)2cm?2) = 3.2 103 J /cm?

This exceeds the damage threshold of the cornea (~10~/
J/cm?) by a factor of 3.2 10

Protection for this level of exposure requires the use of
appropriate laser eye-ware with optical density at the
laser wavelength :

(OD) = log(3.2 10%) = 4.5




LASER SAFETY PRACTICE

m USE APPROPRIATE LASER PROTECTION
EQUIPMENT

m GOGGLES

m LAB COATS
m NEVER look directly at the laser beam
m Beware of & minimize/block REFLECTIONS

m Always know where your beam (and
reflection) is

m Keep experiment WAY BELOW eye level
m Protect others around you

m Laser light ON

m Use protective panels




In Case of a Laser Incident

m Remain calm!
m Assess the situation
m Call for help
m Turn laser source off to protect others
m Seek medical attention
m Contact safety personnel
m File an accident report

http://safety.iesl.forth.gr

PAN



LABORATORY SAFETY

CHEMICAL SAFETY &
WASTE HANDLING




LAB CHEMICALS

m Flammable: e.g. organic solvents, H,
m Explosive: e.g. acetylene, azides

m Pyrophoric: e.g. phosphor

m Toxic: e.g. chlorine, methyl iodide

m Corrosive: e.g. strong acids & bases
m Carcinogenic. e.g. benzene




Material Safety Data Sheets (MSDS)

SIGMA-ALDRICH"

A Part of MilliporeSigma

200,000 SO0+ Featured Hella. Sign in. 247 1 |tems
PRODUCTS ~ SERVICES ~ INDUSTRIES ~ ACCOUNT ~ SUPPORT ~ ORDER ® ~
USA Home » 269566 - lodomethane &

258566 SIGMA-ALDRICH

lodomethane
contains copper as stabilizer, Reagean.'us.@, 99.5%
Synonym: Methyl iodide
3

CAS Number 74-38-4 Empirical Formula (Hill Notation) CHgl Molecular Weight 141.94

Beilstein Registry Humber 369135 EC Humber 204-819-5 MDL number MFCDOOOO1073
PubChem Subsiance ID 248572026 Q

=] POPULAR DOCUMENTS: SPECIFICATION SHEET (PDF)

ICH3

Purchase Safety & Documentation Peer-Reviewed Papers @ Related Products °

Properties Price and Availability

arade PaasnantDlne® Price

All manufacturers are required to provide MSDS/




Different labeling systems

GHS Labels

&

ol

Cnadizers - Can burm without Explosives - May explode if Comosives - May cause skin
air, or can intensify fire in exposed to fire, heat, shock, bums and permanant
combustible materials friction. eye damage.

¥z

Specific Hazard Reactivity
Gasses Under Pressure - Gas Flammable if exposed to Toxic to aquatic
N-'J |D = ‘I:id @ H’“ ﬂﬁtﬂﬂm released may be very cold. Gas ignition sources, sparks, heat. organisms and may
container may explade if heated Some substances may give cause long lasting
off flammable gases. effects in the environment
ALK - Alkall (3) Shock/Heat May Detonate

COR -Corrosive (2) viclent Chemical Change
OXY - Oxidizer (1) Unstable If Heated
“&" -Radioact )
9 - Radioactive mbh Toxic material which may cause May cause serious and Irritant - May cause
life thraatening effacts even in prolonged health effects iritation (redness, rash)
8L~ Use No Water small amounts and with short an shart or long term or less serious toxicity
exposure, exposure,

WWW.HZQG.OI’Q
https://www.osha.gov/dsg/hazcom/pictograms/index.html




CHEMICAL SAFETY PRACTICE

m Design your experiment carefully

m Study Material Safety Data Sheets

m Use smallest quantities allowed

m Use APPROPRIATE protective equipment

m Gloves, lab coats, masks, goggles, hoods,
glove box, inert environment,...

m LABEL everything appropriately

m Chemical name/formula, owner/lab, date,
quantity

m Dispose of chemicals SAFELY after use




BASIC WASTE HANDLING

Fo
Fo
La

low MSDS instructions for disposal
low/establish lab rules related to waste

pel your waste containers

Some salts, acids & bases can be disposed in the
sink if NEUTRALIZED and DILUTED with plenty of
water

Organic chemicals WITHOUT F, Cl, Br, I go to
“"Non-halogenated Organic Waste”

Organic chemicals WITH F, Cl, Br, I go to
“"Halogenated Organic Waste”

m Pump oil to "Mechanical pump oil”
m Sharps/solid waste go to “"Solid Waste”

If in doubt, ASK!I!




CHEMICALS




CHEMICALS




CHEMICALS




In Case of a Chemical Incident

m Accident examples
m Spill, glassware breaking, explosion, fire,...

m Remain calm!

m Assess the situation

m Call for help

m Seek medical attention

m Contact safety personnel

= USE COMMON SENSE

http://safety.iesl.forth.gr




LABORATORY SAFETY

ELECTRICAL SAFETY




ELECTRICAL HAZARDS

m Sources
m High voltage power supplies

m Equipment (e.g lasers,
vacuum pumps, computers)

m Regular electrical lines and
outlets Danger

m UPS electrical lines and High voltage
outlets (red OR labeled “"UPS")
m Hazards | Hlﬁnljln}{)?al'zTElu\)GE
m Electrocution PERSONNEL ONLY

m Electrical Fires

VAN



ELECTRICAL SAFETY PRACTICE

m Keep cables OFF the floor
m Keep water away from electrical

equipment
m Water low - electricity high

Turn OFF power supply before
touching “hot” parts

Ground appropriately

DON'T try to repair equipment
Beware of BARE cables

Follow specifications

Do NOT use back to back
power strips




In Case of an Electrical Incident

= Remain calm!

m Assess the situation

m No water on electrical fires

m Cut off power supply

m Seek help

m Seek medical attention in case of injury
m Contact safety personnel

m USE COMMON SENSE

http://safety.iesl.forth.gr
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LABORATORY SAFETY

HIGH PRESSURE &
VACUUM SAFETY




HIGH/LOW PRESSURE HAZARDS

Spark from pressure gauge| i.icoinews
caused University of Hawai b Pate: April 19,2016
explosion, fire department says

Postdoc Thea Ekins-Coward, who lost an arm in the incident, was using a gauge
not specified for work with flammable gases




PRESSURE SAFETY PRACTICE

m Keep gas cylinders bound
on wall/heavy tables | Cylinders Safely

correctly
m Do NOT use gas cylinders
without appropriate regulator

m Learn to:
m Move gas cylinders safely

m Leak-check gas/vacuum
lines/chambers safely

m Beware of pressurized cooling
water network
m Water low - electricity high

m Report any problems you
notice

Handling & Storing

@ SECURE cylinders properly at all
times.

@ STORE cylinders in coal, well-
ventilated, fire-resistant areas in
compliance with local, state and
federal regulations.

€ PLACF cylinders where they will
not be damaged by forklifts,
knocked over or hit by falling
objects.

) CLOSE valves and TIGHTEN caps
when not in use.

& INSPECT cylinders for leaks and
CHECK support brackets regularly
for strength and integrity.

(® MOVE cylinders using hand trucks
designed for the purpaose.

@ REPORT leaks or any damage to
your supervisor immediately.

EMERGENCY EQUIPMENT LOCATED AT:




In Case of a Pressure Incident

= Remain calm!

m Assess the situation

m Seek help

m Seek medical attention in case of injury
m Contact safety personnel

= USE COMMON SENSE

http://safety.iesl.forth.gr

PAN



LABORATORY SAFETY

CRYOGENICS SAFETY




ZACAUTION|

CRYO HAZARDS &

A\

[ EXplOSiOn Frostbite Liquid
i St nitrogen

. FrOStb|teS .DoNOTtougl.l. _

m Asphyxiation ‘

m Burns ADANGER

Liquid Nitrogen
Do not touch
Extremely cold

Liquid
Nitrogen

Wear Gloves.

http://ehs.ucsf.edu/cryogenic-liquids




CRYO SAFETY PRACTICE

Use appropriate handling
equipment

m Gloves, apron, mask

DO NOT TOUCH cold
containers with bare hands

Vent containers appropriately
m Do not play with cryo-liquids
m Learn how to use cryo-

equipment (valves, dewars,
hoses) safely




In Case of a Cryogenics Incident

= Remain calm!

m Assess the situation

m Seek help

m Seek medical attention in case of injury
m Contact safety personnel

= USE COMMON SENSE

http://safety.iesl.forth.gr
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LABORATORY SAFETY

FIRE SAFETY




In Case of a Fire

oQmA! TPOSOXH OTAN:
x Evepyomoiione dpcoa ouvayepuo - Kakéore v MY, /0 IGTTC TG guridg pyaive
o o . kG,
¥ EAGyGre Queoa av umrapyouv BpaTa - AVagEpETE To. Y 01 AGYEC Exouv ypiua e,
x Emyeiprore Bidowon av Bev kvuvedere of Bioi - Abiig Y AxouyovTa EDiEDYOI Y01 OTIG
eyKamaAElTE Cpéouic. 0Qupiypra.
o , , | ¢ TamapdBupa Exouv poupe;
n Mnv avoyere mopreg, mapdBupa - AIaKGTE Tov GEDIGNO. N oav b

1 Aiokdyre v raon av Bev urdpyel mpoBAnua oxoTOUC OTO
«ablsd Ll B”“ : ANOMAKPYNSEITE AMEZOZ KAl

100,
wp MHN ANOITETE MOPTEL-MAPABYPA
8 Mn wexadere e vepo umépBepua ueraha, oBoveg HIY, uypd o
Kabora. Mibavd vor akoAoubroe ambroyn Tuief ieva fashover

5 UEpDidyKwan ¢ Pundg A kar Ekpnéy

: 1 Mmopeite va wekdoere pe yhukd vepd umd xapnAn don amo ¢ (fashover  backiaf)

2
I mooTaon avuw T 5m.

http://www.forth.gr/ty/




How to fight a fire

LQET0

H puima ymopel v Eovapouviiaoe, Xpnatuomoiodye vepd ot aokifia.

WeaCouye 10 kanyOpEva UYpd oy g Biappori 1oug |

http://www.forth.gr/ty/




LABORATORY SAFETY

ANY QUESTIONS?

http://safety.iesl.forth.gr




