LABORATORY SAFETY

A. General Considerations

In the | aboratory the chem st works with nmany potentially dangerous
substances. Yet, with constant al ertness, awareness of potential hazards,
and a few comon-sense precautions, |aboratory operations can be carried
out with a high degree of safety.

Most of the responsibility for the personal safety of the |aboratory worker
rests on the worker hinself. In the event of an accident resulting fromhis
negl ect of appropriate precautions or disregard of |aboratory regul ations
he is in a poor position to collect damages for his own injuries, and may
even find hinself the target of civil or crimnal action if his negligence
results in injury to others. Wrse, injuries sustained in | aboratory
accidents can result in permanent disability, disfigurenent, blindness, or
death a fact that far transcends | egal considerations.

The basic rule of safety in the |aboratory is: be alert stay alert.

The | aboratory is no place for the "absent-m nded professor” or the
“absent-m nded student” for that matter. Beyond this, take the trouble to
under stand what you are doing and to know what the hazards are, take the
appropriate precautions, and use the appropriate protective equi pnent.

We sunmari ze here sone of the nore inportant specific |laboratory rules and
precauti ons.

(1) Never work in the | aboratory alone. Before working in the | aboratory
out side regul ar hours nmake sure that this is perm ssible and be certain
that sonmeone else will be in the sane roomto provide assistance in case of
need.

(2) At all times wear approved eye protection: "safety glasses” with

i npact-resistant |enses in approved frames, or protective goggles, or a
face shield, or sonme conbination of these - It should be borne in mnd that
this is required by Maryland state |law. Safety gl asses may be obtai ned
either ground to prescription or non-refracting. Side shields of
transparent plastic may be clipped on for additional protection. Odinary
prescription glasses provide about the sanme protection agai nst spatter as
do safety glasses but in the event of an explosion the | enses of ordinary
gl asses are nuch nore easily shattered and the glass fragnents may be
driven into the eyeball; in such a case they can be worse than no gl asses
at all. Contact |enses (especially the corneal type) provide negligible
protection, and indeed their use may seriously aggravate hazards from
spatter since they will inpede washing the cornea free of caustic |iquids
that creep or diffuse under them It is inadvisable to wear them even under
safety gl asses, which (it nust always be renenbered) do not by thensel ves
provi de one hundred percent protection fromspatter at top, sides, and
bottom

(3) Use the fune hood for all operations involving poisonous or offensive
gases or funes as well as for operations involving highly inflammable or
potentially explosive materials. A conmbination of a fume hood and a safety
shield (see below) will provide the maxi mumreadily avail abl e protection
agai nst m nor | aboratory expl osions.

(4) Guard against injury fromexplosion, inplosion, flash fires, and
spatter of dangerous liquids by interposing a "safety shield" or other
effective barrier between all personnel and any setup presenting such
hazards. Vacuumdistillations of nore than small (about 100 m ) quantities
shoul d be shiel ded, as should gas scrubbing trains containing significant
anounts of corrosive solutions and all evacuated equi pnent of any
significant size such as vacuum desiccators.

(5) Use a netal safety pail with a well-fitting cover to transport any
dangerous liquid, or nore than a small quantity (a pint) of any solvent.
Several years ago the witer (soneone at MT) was a witness to a fatal




accident in which a sealed bottle of ethyl chlorocarbonate, GHOCOCO , blew
up (frominternal CO, pressure) in the face of a technician who was
carrying it in one hand fromthe dangerous chemcals vault. A safety pai
woul d probably have saved her life.

(6) Never heat an organic solvent in an open vessel over an open fl aneg;
keep a respectable distance between open vessels containing organic
sol vents and any open flanes or sources of sparks. Except under speci al
ci rcunst ances, an open flame should not be used to heat a reaction
apparatus containing inflanmmble materi al s.

(7) Never place beakers or unstoppered flasks containing chemcals in a
refrigerator, even if it is of the "explosive proof" type, or in any other
unventil ated encl osure. Never store volatile toxic materials in a
refrigerator or other unventil ated encl osure even in a "stoppered" vessel.
The first breath a person takes after opening the refrigerator door could
be his/her |ast.

(8) Do not work with large quantities of reactants (i.e. nore than about
100g) unl ess you have received special instruction regarding |arge-scale
reactions.

(9) Always be careful to avoid pointing the nouth of a vessel being heated
toward any person, including yourself.

(10) Except for certain operations for which special instruction should be
obt ai ned beforehand (reduced-pressure distillations, reactions in bonbs or
seal ed tubes, etc.) never heat reactants of any kind in a fully cl osed
systenm be sure the systemis open to the air at some point to prevent
pressure buildup fromboiling or gas evol ution.

(11) Never add anything TO a concentrated acid, caustic, or strong oxidant;
instead add the acid, caustic, or oxident slowy and cautiously to the
ot her ingredients, preferably no faster than it is consuned by reaction.

(12) Never add solids (boiling chips, charcoal, etc.) to a hot liquid as
this may result in violent boiling if the liquid happens to be superheat ed.
Perform such additions (or put in an appropriate ebullator) when the liquid
is still at room tenperature.

(13) Never pipette by nouth any toxic or corrosive substance or
(preferably) anything el se. Use an automatic pipette or fill a conventional
pi pette with a rubber bulb. (Exceptions to this can be nade for certain
dilute non-toxic or slightly toxic solutions used in analytical work: HC
NaOH, Nad, NaHCG;, Na,S,03, etc. If sonme of any such solution gets into the
mouth it will be sufficient to spit it out and wash the nouth out well with
wat er.) Assune any unfam liar substance to be toxic unless you know
definitely to the contrary.

(14) Be sure all chemical containers axe correctly and clearly |abel ed.
Label s for your -preparations should contain, besides the nane or formula
of the contents your nane, the date, and a sanple nunber by which it can be
identified in your notebook.

(15) Never pour anything back into a reagent bottle.
(16) Protect your clothing with a | aboratory apron or a | aboratory coat.

(17) Protect your hands: with rubber or polyethyl ene gl oves when handli ng
caustic liquids, with canvas or asbestos gl oves when handling hot objects.
Renmenber that sonme highly toxic substances can penetrate rubber or

pol yet hyl ene gl oves; do not hesitate to discard gl oves (or aprons, or
coats, even shoes) that becone dangerously contam nated.

(18) Dangling neckties, unrestrained long hair, and fluffy or floppy
clothing (including over-large or ragged | aboratory coat sleeves) can
easily catch fire, dip into chemcals on the | aboratory bench, get
ensnarl ed in apparatus and novi ng machi nery, etc. Renpbve or restrain your
| ong necktie; put up long hair or at least restrain it with a rubber band.



(19) Know and observe the approved procedures for disposal of the chem cals
and | aboratory refuse associated with your experinent (see Section F). In
particul ar, never throw chem cal wastes into a waste crock, or

wat er-i nsol ubl e solids into the sink; flush down sol uble substances with a
great excess of water; never dispose of cyanides or nercury or alkal

nmetals in the sink or crock; package hazardous chem cal wastes in suitable
containers appropriately | abeled; these are taken away every Thursday at
the chem cal waste disposal site at Mudd Hall. If in doubt about the waste
call the Safety Ofice to take them away.

(20) Know the location of exits, fire extinguishers, fire blankets, safety
showers, gooseneck faucets for douching eyes, and other safety devices;
famliarize yourself with the purposes of these devices and with-the
procedures for their use.

(21) Before beginning any procedure with which you have not had adequate
previ ous experience and thorough know edge of the hazards, find out what
t he hazards and appropriate precautions are by reading the literature
and/or conferring with soneone having such know edge and experience.

This list of twenty-one safety rules and precautions has been chosen
somewhat arbitrarily and is by no neans conplete. However, it represents a
selection that contains the nost inportant precautions. It should be reread

periodically until observance of these precautions has becone second

nat ure. These sane precautions and sone additional ones will be treated in
specific contexts in the follow ng sections, which should be read in
advance of perform ng the correspondi ng | aboratory operations and revi ewed
fromtire to tine. Since observance of the precautions here presented can
be of crucial inportance, we do not apol ogi ze for being occasionally
repetitious.




B. Fire Protection

Fire is the principal cause of serious |aboratory accidents. Nearly al
organi ¢ solvents axe inflammable., sonme of themextrenely so, as are nany
gases such as hydrogen, acetylene, amonia, and |ight hydrocarbons. These
gases and sol vent vapors can form expl osive mxtures with air.

(1) Solvents

The auto-ignition tenperature of a liquid is the mninmumliquid tenperature
necessary to initiate self-sustai ned conbusti on i ndependently of the
heating el enent. The flash point of a liquid is the mninmumliquid
tenperature at which the liquid vapor pressure is sufficient to forma
flammabl e m xture with air, so that once initiated the flame wll propagate
t hrough the vapor, often without the liquid itself giving rise to continued
conbustion. Flamable Iimts are the conposition [imts of a gas m xture
within which a flame, once initiated, will propagate itself. The | ower
flammable imt for many solvents (CS,, hydrocarbons) in air is as little
as one or two percent by vol une.

In the absence of a flame, a spark, or an incandescent electric heating

el ement the auto-ignition tenperature is ordinarily of serious concern only
with a few substances. Carbon disulfide has an auto-ignition tenperature of
about 100 °C, and the vapors can be ignited by contact with an ordinary

| ow- pressure steamline; the auto-ignition tenperature for ethyl ether is
180 °C | ow enough so that use of an electric hot plate may provide a
significant hazard. Such |iquids should be heated with a water bath or a
steam bath in a hood so that vapor fromthe boiling |iquid does not
accumul at e.

O nore frequent concern is the flash point. If the flash point of a
solvent is below roomtenperature (25 °C) the solvent is terned a C ass |
sol vent. Exanples of Class | solvents are the commonly used organic

sol vents ether, benzene, nethanol, ethanol, acetone, petrol eum ether, ethyl
acetate. Precautions to be observed in all operations with Cass | solvents
i ncl ude the foll ow ng:

a. Never handle solvents near an open flane. If large quantities are being
handl ed, set up "NO FLAME" signs. Deliberately scout the working area for

| ighted burners, pilot lights, electric notors, sw tches and ot her sparking
el ectrical contacts, etc., before beginning your operations and
periodically while they are in progress. Operations in which solvents are
escaping fromthe reaction vessel should always be conducted in a hood.

b. Conduct recrystallizations on a steam bath or a hot plate (see above
with regard to CS;, and ethyl ether), either in a hood or with a condenser
to contain vapors fromthe boiling liquid. Use an Erlenneyer flask (never a
beaker) for recrystallization.

c. Before aliquidis heated to boiling add a boiling chip or sone ot her
device to serve as an ebullator. A superheated |liquid may suddenly "bunp"
or boil violently, and often will overflow the container and create a fire
hazard. The same may happen if a solid is added to a superheated |iquid,

t herefore never add solids to a hot |iquid.

d. Make sure that reflux and distillation apparatus is tightly assenbl ed
and firmy clanped, with all ground joints well seated. Be certain that
sonewhere (at the top of the reflux condenser or at the distillate
-receiver) the systemis open to the air (except in reduced-pressure
distillations). Use a mantle, oil bath, hot plate, or steam for heating.
The use of a free flane is never desirable; if a mcroburner nust be used
to nelt solidified distillate in sone part of the systemor for sone other
pur pose nmake doubly sure the joints are tight; in this case the vent to the
air should be through a rubber tube with its open end several feet away and
bel ow the flame | evel.



e. Any quantity of solvent amobunting to nore than one pint nust be
transported in a safety pail and stored in the pail either on a side shelf
(not on a shelf over the | aboratory bench) or in a designated cabinet.

f. Never work in a solvent storage area; avoid having | arge quantities of
solvents in a working area.

g. Elimnate the possibility of sparks of all kinds in the working area.

El ectric sparks may cone fromsw tches, relay contacts, and thernostatic
devices; the latter are found in heaters, hot plates, and refrigerators.

For this reason these devices whenever possible should be seal ed so that

sol vent vapors cannot get in or sparks or flanme get out; refrigerators used
in the | aboratory should be of the "explosion-proof" type, with sw tches
and thernostat contacts seal ed or nounted outside the box. Electric sparks
fromelectric notors can be avoi ded by enpl oying i nduction notors for
stirrers and punps instead of series-wound and other brush-containing
notors. Electric sparks can also arise fromthe buildup of "static
electricity". Avoid excessive wiping or swirling of flasks or bottles
cont ai ni ng sol vents before pouring; when dealing with nore than about a
liter of Class | solvents in netallic systens, ground the apparatus and the
container. Sparks can arise also fromnetal striking nmetal or concrete,

and, since solvent vapors are denser than air, a fire could be produced
froma nmetal object falling onto a concrete floor or even shoe nails
scraping on the concrete. This fact is particularly to be renenbered if
there is any spillage of solvents.

h. Never place beakers or unstoppered flasks containing solvents in a
refrigerator

i. Do not snoke, or permt others to do so, while working with solvents, or
(preferably) at any other tinme in the | aboratory. Snoking inside public
bui I di ngs, including classroons and | aboratories is not permtted in the
State of Maryl and.

(2) Oher fire hazards

Clothing and hair can catch fire froma forgotten Bunsen burner, or be
ignited by a flash fire. Avoid fluffy or floppy or ragged clothing,
especially of rayon or cotton, and unrestrained hair or necktie. A person
with hair or clothing on fire may suffer very serious or even fatal burns
unl ess pronpt action is taken. Douse hinmher with water at the safety
shower and/or roll himin a fire blanket imedi ately. Know where the
showers and bl ankets are, so that the victimw |l not be a cinder by the
time they are found. If too far fromeither, use any avail able source of
water or roll the victimon the floor to snuff out flanes. A person who is
afire should not run as this fans the fl anes.

A nunber of chem cal substances and m xtures are spontaneously conbusti bl e.
These include white phosphorus, pyrophoric netals (including hydrogenation
catal ysts such as Raney nickel or platinumwhose surface is saturated with
hydr ogen, pall adi um and net hanol, platinum oxi de and al cohol vapors or
hydrogen, finely divided alkali metals), metal alkyls such as dry Gignard
or organolithiumreagents, |ow nolecul ar weight phosphi nes and borones,
arsine, and iron carbonyl. Wite phosphorus can be transported and stored
for a tinme under water, but after long periods acidity builds up in the
wat er due to slow air oxidation. Beware of storing phosphorus under water
of high alkalinity; if the pH of the water is above 9 the poi sonous and
spont aneously flamrabl e gas phosphi ne, PH;, may be evol ved.

Al kali nmetals are spontaneously conbustible in the presence of water (ow ng
to evolution of both hydrogen and heat) and of certain other substances
such as chl orinated hydrocarbons. Alkali nmetals should be stored under
purified kerosene or mneral oil (Nujol). Metallic sodiumnay be used to
dry certain solvents (e.g. ether, dioxane) that contain no active hydrogen
or hal ogen, for which purpose the netal is usually introduced in the form
of wire extruded froma sodiumpress directly into the solvent bottle.
Scraps of sodiumwire in an enpty solvent bottle should be i mediately
destroyed under a flow of nitrogen by cautious addition of ethanol or

met hanol to the bottle, which is contained in a clean, dry pan or pail;




other alkali nmetal scraps can be disposed of simlarly or placed under
mneral oil in a bottle provided for that purpose. CAUTI ON: Never put
al kali nmetal into water, CC 4 or other chlorinated hydrocarbons

(3) Extinguishing a fire

If a fire breaks out, retreat to safety and do not approach to extinguish
the fire until you are sure that it is safe to do so; the fire

extingui shers are usually at or just outside the |aboratory doors. Wen
approaching to extinguish the fire (a) be very careful to | eave yourself an
avenue of retreat, (b) take into account the possibility of explosion or
rapid spread of the fire, and (c) be alert for any sign of toxic gases,
particul arly phosgene whi ch can be present when chlorinated hydrocarbons
axe involved. Unless the fire is very mnor and---. burns itself out very
qui ckly, call the JHU -energency nunber ( dial x7777 ). The princi pal

cl asses of fires and the appropriate extinguishers for themare listed in
the follow ng table.

Table 1.1 Fires and Extingui shers

C ass Mat eri al s bur ni ng, Preferred Never use
of fire or conditions ext i ngui sher
A Wod, paper, cloth \Water, 0y, CCL,**
Dry NaNCOs-t ype*
B Fl anmabl e |i qui ds Dry NaHCO3-type*, CCl,
and gases, Q0,

hydr ocar bon soli ds,
rubber, plastics

C The above, whenever Dry NaHCQOs-type*, Water,
el ectrical contacts 0,Soda-acid,
must be taken into Foam
consi deration CC1,4
D Al kali nmetals (also Dry NaHCOs-type*, Water,
al kaline earths, A) Dry graphite*, Soda- aci d,
(for Li) Foam
Dry Nad * Q0,,

(for Na or K CCl1,4

* Dry solids in cylinder pressurized wwth N,, a C0, cartridge, or a
propel I ant such as freon.

** May be used on small fires with adequate ventilation, if the only
type avail abl e; not recomrended.

The preferred all-round extinguisher, and the nost effective in the
particularly inportant Class B type, is the dry NaHCO;-type or "dry

chem cal" type. This is also the best all-around extinguisher for home or
aut onobi | e. However, many | aboratories are equi pped with the C0,-type,
which is reasonably effective although in a confined area the C0, gas

rel eased adds sonewhat to the hazard of suffocation always present to sone
degree at a fire. Soda-acid extinguishers are nessy, and even hazardous
when el ectric appliances or outlets are involved, the use of CClstype
extingui shers carries the hazard of producing the very poi sonous gas
phosgene, and the CCl4 funes are thenselves toxic. The use of these two
types is to be discouraged in general. In the absence of the reconmended
extinguishers, a small class D fire can be snothered by other inert
(non-reducible), dry materials: reagent sodium chloride or

sodi um bi carbonate from a previously unopened bottle, or dry sand.

Whenever an extingui sher has been used, the usage nust be reported w thout
delay so that the extinguisher can be refilled. Al extinguishers should be
periodically inspected to insure their readi ness for use at any tine.



C. Expl osi ons

The term "explosion” is used |oosely to denote any reaction in which a
pressure buildup is sufficiently rapid and violent to shatter the reaction
contai ner. Detonations are explosions in which the deconposition, once
initiated by nechani cal shock or tenperature, propagates at hypersonic
velocity through the nediumand results in a destructive shock wave.
Ordinary protective equi pnent such as safety shields, face shields, and
safety gl asses provide at best uncertain protection agai nst detonations,
even with small quantities of material, though they may be better than
not hi ng. Were detonation is a possibility the reaction should be carried
out behind an adequate barricade or in a renote |ocation, and warning signs
shoul d be posted throughout the area.

Al so under the headi ng of expl osions are non-detonating reactions that get
out of control in such a way that the rapid pressure buildup results in
bursting of the reaction vessel and spattering of the contents, or where a
fl ammabl e gas m xture inside a vessel becones ignited with simlar results.
Such occurrences are nmuch nore conmon than detonations, and fortunately
have | ess "brisance". Safety shields and face nmasks and placenment of the
apparatus in a hood usually give adequate protection when the quantities

i nvol ved are not |arge. However, sone reactions that may be carried out

saf el y when under good control at ordinary tenperatures nay result in
detonati on when the reaction gets out of control and the tenperature rises
above the detonation |evel.

Compounds havi ng oxi di zing el enments -oxygen or hal ogen- attached to
nitrogen or oxygen may be potential detonating explosives; this is
particularly true of nitrogen conpounds, since the great stability of the
N, nol ecul e which is an inportant detonation product contributes to the
driving force of the reaction. Goups which may contribute to expl osi veness
are: azide (-Ng), diazo (-N=N-), diazonium (-N2),, nitro (-NO2), nitroso
(-NO), nitrite (-ONO, nitrate (-ONO;), fulmnate (-ONC), peroxide (-0-0-),
peracid ( CO3H), hydroperoxide (-O-OH), ozonide (-0;-), N hal oam ne
(-NHA ), aline oxide (=NO, hypohalites (OX), chlorates (O G;), and
perchlorates (O Q,). Ether and conjugated ol efins may form expl osive

per oxi des on prol onged exposure to air; nmany expl osions have resulted from
distilling ether to dryness. Always test a snmall portion of such a solution
Wi th noi st starch-potassi umiodi de paper before distillation; the slightest
bl ue coloration indicates the presence of peroxide. Heavy netal acetylides,
ful m nates, and azides are highly explosive, a fact to be renmenber if

a heavy netal salt is present in a reaction where acetylene is to be used.
The presence of anmmonia and iodine in the sanme reaction m xture can | ead

i nadvertantly to the formation of nitrogen iodide which is a powerful

expl osive so sensitive when dry that the slightest shock -- such as that
resulting fromnerely picking up the container -- can set it off.

Compounds of the above types vary widely in sensitivity to shock and
tenperature; nitrogen iodide, ether peroxides, and heavy netal azides are
extrenely sensitive , while ammoniumnitrate is a powerful explosive that
can be set off only with another expl osive.

Oxi di zi ng agents such as hydrogen peroxi de, sodi um peroxi de, potassium

per manganate, perchloric acid, nitric acid, chromumtrioxide, nitrogen
tetroxide, tetranitronethane, acetyl peroxide, acetyl nitrate, and Toll ens
reagent, as well as many conpounds of types already nentioned, can yield
expl osive m xtures with oxidi zabl e substances. Carbon tetrachl ori de and

ni tromet hane may expl ode during a sodium fusion test. Liquid oxygen, liquid
air, or gaseous fluorine in contact with organi c substances nay lead to
spont aneous explosion. Traps cooled with liquid nitrogen are capabl e of
condensing liquid air inside them which will create a hazard if organic
substances are |l ater condensed; a trap on a vacuum system shoul d not be
chilled with liquid nitrogen until the pressure has been reduced bel ow 1
torr.

Anmong reactions that nmay require careful attention to control, to prevent
possi bl e expl osion, are: nitrations, oxidations (especially with per-acids,
per-salts, peroxides), condensations (Friedel-Crafts, C aissen, Cannizzaro,
Reppe), reductions (Wl ff-Kishner, netal hydride), and polynerizations
(such substances as butadi ene, acrolein, and acrylonitrile can polynerize



spont aneously and explosively in the presence of a catalyst which may be an
uni ntended inpurity; the sane is true of liquid HON and |iquid acetyl ene).
Some intrinsically slow reactions can be speeded up explosively by the
presence of a solubilizer (e.g., NaOH + CHCl 3 in the presence of nethanol).

It is not possible to avoid altogether working with potentially expl osive
subst ances. Expl osi on hazard may however be reduced bel ow acceptable limts
by foll ow ng sensible precautions:

(1) Ascertain the degree of hazard, where possible, by reference to the
literature

(2) Try any unknown reaction with small quantities, with all reasonable
precautions, then scale up. (Beware, however, of the essenti al
unpredictability and non reproducibility of detonations.)

(3) Compounds that nmay be prone to detonation should be prepared and
handl ed only in dilute solution; if then they shoul d deconpose, even
violently, the energy of deconposition is |largely absorbed by the sol vent.
Be sure that transfers are quantitative and washi ngs neticul ous so that
expl osive residues are not left in vessels or on the desk top by
evapor at i on.

(4) Have adequate neans on hand for noderating the reaction (control of
heat, cooling water, rate of addition of reagents or quenches); if working
behind a barrier, controls should be outside. A ways arrange the apparatus
w th enough space bel ow so that the heating device can be quickly | owered
and a cooling bath substituted w thout noving the apparatus itself.

(5) Try to avoid adding a reagent faster than it is consumed, especially in
oxi dation, free-radical, and heterogeneous reactions. Never add organic or
ot her oxidizable materials to a strong oxidant; rather, add the oxidant
slowy and wth caution to the other substances.

(6) Be especially alert for indications that sonething is about to go out
of control: a sudden rise in tenperature or pressure, the unanticipated
appearance of fumes or discoloration, evolution of gas, unexpected boiling,
reflux high in the condenser. Any of these may be sufficient cause to
quench the reaction if this can be done in tine safely (the procedure
havi ng been wel |l thought out ahead of tine); otherwise it should be the
signal to beat a hasty retreat to safe cover, warning others as you go. The
same nmay be said for a situation where a cracked flask, flame around a
joint, or a | oose connection or stopcock appears to foretell imedi ate
serious trouble. Froma safe place, with aid present, carefully appraise
the situation and attenpt to control the situation at a di stance by

di sconnecting heat and/or discontinuing the addition of reagents. Wth
suitabl e protective equi pnent and with hel p present take whatever

addi tional steps can be carried out safely to mtigate the explosion and
fire hazards.

D. Caustic liquids

Al t hough the term "caustic" is often reserved for strong bases, the termis
applicable to strong acids and oxidants as well. Concentrated acids
(hydrofluoric, hydrochloric, sulfuric, chlorosulfonic, nitric, chromc,
phosphoric, trichloracetic, glacial acetic, phenol) as well as concentrated
bases (sodium potassium and anmoni um hydroxi des) are injurious to the
human skin and especially to eyes, corrosive to | aboratory apparatus and
furniture, and destructive of clothing. If taken into the nouth or

di gestive tract they produce w despread destruction of the nucous nenbranes
and ot her tissues, which nmay be fatal. Funmes from sonme of them
(particularly nitric acid and hydrochloric acid) are injurious to the
respiratory tract and lung tissue if inhaled, and may result in fatal

pul monary edena.

Sonme of these substances have high heats of hydration; the thoughtless
addition of water to concentrated sulfuric acid or to solid sodi um
hydroxi de may result in a violent reaction wth dangerous spatter. In
reaction m xtures several of them particularly the oxidizing acids, my be



i nvol ved in run-away reactions which may result in eruption or explosion
Wi th considerable spatter and the possibility of harmto eyes and skin.

Chrom c acid cleaning solution, which is often used to renove residua

hydr ophobic filns (oil, grease) from |l aboratory glassware, should be
treated with respect. It is nade up by the mxing with stirring, of sodium
di chromate with concentrated sulfuric acid; caution is required because
consi derabl e heat is evolved. Contact with the skin rapidly produces severe
burns; contact with wood, paper, cloth, and other organi c substances can
produce a fire. Use only where necessary (e.g., with volunetric gl assware;
for other purposes use a phosphate-base | aboratory detergent instead.
Chrom c acid cl eaning solution should not be used to renove nore than very
smal | anmobunts of intractable organic residues in flasks, as a violent
reaction may take place. During use, the solution container and gl assware
shoul d be standing in a tray |arge enough to contain the entire anount in
case of spillage or breakage.

Sensi bl e precautions in handling caustic liquids include the follow ng:
(1) Where there is significant spatter hazard, wear a face shield.

(2) Protect your clothes with a rubber apron or a | aboratory coat.

(3) Wear rubber gl oves when handling containers.

(4) Work in a hood when any funes (e.g., HC oxides of nitrogen) may be
evol ved.

(5) Never pipette such substances (or any other toxic or harnful materials)
by nout h.

(6) Use a funnel if pouring into a narrow nouth vessel.

(7) Never pour water or a reaction mxture into concentrated acid; pour the
acid slowy, or a small amobunt at a tine, into the m xture.

(8) Wpe up snmall spills and bottle rings i nmedi ately, using rubber gl oves
and a wet cloth. A large spill constitutes an energency that requires
notification of the | aboratory instructor. Strong acids on the table top or
fl oor should be diluted with water and washed down the floor drain, if one
is available; otherwi se the diluted acid can be neutralized cautiously with
sodi um bi carbonate (which is applied in solid forn) and nopped up. Strong
bases shoul d be diluted and washed away or neutralized with solid sodium

bi sul fate or sodi um di hydrogen phosphate. Beware of spatter in either case.
Toxi ¢ acids such as chrom c acid cl eaning sol uti on should not be
neutralized in any significant quantity with bicarbonate as this my
produce an airborne m st of chromc acid. Alarge spill of cleaning
solution may be soaked up in a heavily applied | ayer of dry sand, which is
then shoveled into a netal container and carried i nmedi ately outside the
bui l di ng where it can be shoveled, a little at a tine, into a pail of
water. The site of the spillage should then be washed thoroughly; a
neutralizer such as bicarbonate can be applied at this stage.

(9) I'n case of skin contact, wash the affected part inmmediately in running
water. A dilute (3% acetic acid solution or vinegar may then be safely
applied in the case of strong al kali, or sodium bicarbonate or |aboratory
soap in the case of strong acid, followed by nore washing with water.
otain nedical help if a chemcal burn results.

(10) In case of eye contact, imediately bathe the eyes copiously in
runni ng water: subject the eyes to a copious (but not forceful) flow of
wat er from one of the gooseneck faucets at the |aboratory sink; hold the
eyel ids thoroughly open to bathe the eyeballs and undersi des of eyelids.
Summon nedical help imediately. If alkali is involved, foll ow the washing
with application of a saturated solution of boric acid. Tinme is of the
essence; a caustic alkali can destroy the cornea in as little as five

m nutes. CAUTION. Boric acid is very toxic and should be used for the eyes
only, never taken internally as an antidote for a base or for any other
reason.




(11) In case of ingestion of caustics or inhalation of their funmes get
medical aid inmediately ' -Before aid arrives, a person who has ingested
acid or alkali should be given a considerable anount of water to drink;

sodi um bi carbon or magnesia can then be safely adm nistered in case of acid
i ngestion, or dilute (3% acetic acid or vinegar or |enon juice (NEVER
boric acid) in case of alkali.

E. Toxic substances

Al nost all chem cal substances that are dealt with in the | aboratory are
toxi c to humans when ingested as liquids or solids or inhaled as gases or
dusts. It nakes sense to take nornmal precautions with all substances to
keep them out of mouth, nose, and eyes, and even off the skin. Sonme poisons
can be absorbed into the body through the skin, others, -- known as

vesi cants -- can attack the skin and underlying tissues causing dangerous
chem cal "burns" which are very painful and slow to heal

Certain substances, because of the high degree of toxicity or the
i nsi di ousness of their action, deserve special nention.

(1) Gases: Carbon nonoxide (CO is universally recognized as dangerous
because it is colorless, odorless, and tastel ess, and physi ol ogi cal
synptons cone often too late to give warning. Also in this category for
practical purposes are H,S, HCN, NO, PH;, AsH;, SbH;, and COC , (phosgene),
since any of these nay be present above the perm ssible concentration |imt
before it is detected by odor. This may be a surprise in respect to HS,
with its famliar "rotton egg" odor, but there is evidence that smnal
anounts qui ckly deaden the sense of snell; this gas is toxic in |ower
concentrations than is CO and in not nuch hi gher concentrations than HCN.

Q her particularly hazardous gases are: acrolein, halogens (F;, C,, Bro,
), hydrogen halides (HF, HO, HBr, H), nethyl halides (CHC , CHBr),

NG, 03 (ozone), CS;, SO, CH;N, (di azonet hane), and netal carbonyls. Mst of
the gases naned are extrenely dangerous or fatal for exposures of a few

m nutes at concentrations of the order of 100 ppm (parts per mllion). The
maxi mum al | owabl e concentration" (often abbreviated MAC) is for nost of

t hese gases of the order of 1 ppm although for phosphine and its anal ogues
it isonly 0.05 ppm Ammonia is also toxic but |less so on a concentration
basis. Also toxic are ethyl ene oxide, ethyleneimne, and ketene.

(2) Vapors. The vapors of solvents, particularly benzene, chlorinated (and
brom nated and i odi nated) hydrocarbons, and esters of mneral acids (e.g.,
di ret hyl sulfate) are nore dangerous than is conmonly recogni zed. Benzene
is a cunul ative poison affecting the blood-formng tissues; it has been

cl aimed even to cause | eukem a. Chlorinated hydrocarbons affect the heart,
circulatory system and the liver. Even saturated hydrocarbon vapors can
have toxic effects. The vapors of nearly all organonetallic conpounds such
as tetraethyl |ead and dinethyl nercury are toxic in very |ow
concentrations; the vapor of osmumtetroxide is extraordinarily toxic with
MAC as |l ow as 0.002 ppm The vapors of Br,, 1, and CS, have already been

di scussed under gases. Prolonged inhalation of nercury vapor may result in
damage to ki dneys, eyes, and other organs. The saturation vapor pressure of
mercury at roomtenperature, about 1.8 x 103 torr (i.e., about 2.4 x 10°°
atm or about 20 ng per cubic neter), is about 200 tinmes the MAC (0.1 ng/n?
or about 1.2 x 10°% atm.

(3) Airborne dusts. Berylliumnetal and its conpounds (MAC. 0.002 ppnm,
heavy- netal conpounds, napht hyl am nes, and certain al kal oi ds present a high
degree of hazard when they can be inhaled as dusts. Berylliumhas a conpl ex
t oxi col ogy; sone effects of chronic exposure may be del ayed as nmuch as 15
years.

(4) Vesicants - Liquid brom ne, bis- (beta-chloroethyl) sulfide ("nustard
gas"), the nitrogen nustards beta-hal oethyl am ne derivatives), a-halo

ket ones and esters, benzyllic and allyllic halides, and phenol attack the
skin on contact, producing chem cal burns and in sone cases internal

poi soning as wel | .

(5) O her substances. W now cone to substances that are nost likely to
exert their toxic effect through ingestion or skin absorption. The list is
| ong and we can give here only a sanpling. Anbng inorgani c conpounds




cyanide salts, nmercuric salts (which even in snmall quantity may produce
irreversi bl e kidney danage, and probabl e death) other heavy netal conpounds
(Ba, Pb, Cu, Ag, Zn, Cd, Co, Ni, Os, and others), chromates, and beryllium
salts nmust be nentioned. Ferricyani des, ferrocyanides, and thiocyanates are
| ess hazardous than cyanide salts as they do not give rise to free HCN in

t he body. Beryllium conpounds nay be absorbed in dangerous anmounts through
the skin. Oxidizing salts (AgNG;, chromates) may produce skin damage.

Poi sonous organi ¢ conpounds include certain al kal oi ds and bi ol ogically
produce toxins, organonetal conpounds, conpounds of hydrazoic acid, esters
of inorganic acids such as diisopropyl fluorophosphate, tetraethyl
pyrophosphate, dinethyl sulfate, and nethyl iodide; several of these can
penetrate the unbroken skin. Aromatic am nes such as aniline and nitro
conpounds such as nitrobenzene are particul arly dangerous because they are
readi |y absorbed through the skin, where they react in the blood to convert
henogl obi n to net henogl oben; in addition they can produce severe damage to
t he nervous system Less toxic but still significantly so are benzene,

chl ori nated hydrocarbons, nethanol, and butanol. beta-Naphthyl am ne, which
can be absorbed through the skin, has been incrimnated as a carci nogen;
one shoul d al so be aware that crude al pha-napht hyl am ne may contain sone
beta. These are especially dangerous as dusts that nay be inhaled. O her
carci nogens are benzpyrene and certain other aromatic fused-ring

hydr ocar bons.

Radi oacti ve substances involve exceptional dangers that are beyond the
scope of this review. Exanples of radioisotope use are isotope tracer
studies, activation analysis with neutron irradiation, fission and nucl ear
decay studies, "hot-atoni chem stry, and Mbssbauer spectroscopy. In al
cases the Radi ol ogical Safety office nmust be consulted before such an
experinment is undertaken; the handling of and storage of radioisotopes is
in nearly all cases subject to terns of A E C. |icences.

(6) When dealing with toxic substances take proper precautions:

a. Assune that any substance is toxic unless you know positively to the
contrary; when in doubt, consult the Merck index or other toxicology
ref erence works (see Section | bel ow).

b. Avoid pipetting by nouth.

c. In dealing with any substance that can attack or penetrate the skin, use
rubber gloves and a face nask.

d. Al operations utilizing or giving off toxic or mal odorous gases or
vapors must be carried out in the funme hood.

e. Never evaporate solvents in the open; do it in the hood, and in smal
anounts only (less than 500 ml ), using a steam bath. Renove | arge anounts
of solvents by distillation in a hood.

f. H ghly hazardous gases (e.g., O, phosgene) should be obtained in smal
cylinders and used only in the hood. When not in use they should be stored
in awll ventilated area (never in the hood) or returned.

g. Operations involving berylliumand its conpounds or other substances
wi th highly dangerous dusts should be perforned in a "dry box" or glove
bag.

h. Be particularly careful to see that all vessels containing chemcals
(hazardous or otherwi se) are properly | abel ed. Never place vessels
contai ni ng hazardous volatile chem cals or unlabelled or unstopped vessels
containing any chemcals, in a refrigerator.

i. Inthe event of a mercury spill, regardless how small, pick up as much
of the mercury as possible (use a glass or netal capillary tube connected
to a trap bottle and an aspirator). In the case of large spills, call the
Qccupational Medical Service for assistance or advice. Be particularly
concerned about nercury in the vicinity of heated objects (steamlines,
steamradi ators, hot plates) where the vapor pressure will be nmuch higher
Sprinkle any contam nated area with "flowers of sulfur”, and after 48 hours
sweep up as nuch of it as possible. Place sweepings in a container and



arrange for it to be picked up by the Safety Ofice for disposal as
described in Section F. Inaccessible nmercury droplets in crevasses shoul d
be covered lightly with sulfur. Waste nercury (including that recovered
fromspills) should be accumul ated in a stoppered bottle; 'when an
appreci abl e anount has been collected it nmay be turned in to the stockroom
for credit. Do not |eave nmercury in uncovered vessels.

F. Storage, Transportation, and Di sposal of Chem cals
(1) Storage

Smal|l quantities of ordinary chemcals in stoppered, properly |abeled
bottles may be kept in the | aboratory desk; the sane is true of solvents in
anounts not exceeding nore than about a pint. Larger anpunts of solvent and
al | dangerous chem cals in any anount should be stored in safety pails on

| aboratory shelves (not over the | aboratory desk) or in special

wel | -ventil ated storage roons. Never store any chemi cal in an unstoppered
or unl abelled container. Never work in a storage area or store appreciable
gquantities of chemicals in a working area; do not store chemicals in the
hood, where they m ght nmake the consequence of a fire or explosion that
much worse. Store and use gas cylinders in an upright position, restrained
by a chain or clanp to prevent upset. Cylinders should be closed at the
mai n val ve and capped when not in use. Cylinders containing toxic gases
shoul d be stored in well ventilated place. Pronptly return enpty gas
cylinders, especially those containing toxic gases, to the stockroom The
refrigerator should be used for storage only when necessary, and not for

vol atil e toxic substances.

In general, store chemcals only in anounts for which you see a forseeabl e
need. Di spose of the contents of any unl abelled bottles you find in your
own storage or working areas. Be waxy of "old chem cal s" that may have
deteriorated, deconposed, oxidized, hydrated, formed expl osive peroxides,
etc.; if you have no forseeable use for themget rid of them

(2) Transportation

Solvents (in quantities exceeding about a pint) and all dangerous chem cal s
should be carried in netal safety pails with well-fitting covers. Wen
putting a bottle into a safety pail or taking-it out, especially while in a
dangerous chem cals vault, wear a face shield.

Gas cylinders weighing nore than a few pounds should be transported with a
hand truck, with protective caps in place. Be very careful not to drop
cylinders or permt themto strike each other violently.

(3) Disposal

Most chem cal wastes can be di sposed of without resort to special
procedures, but it is inportant to know the exceptions. The | aboratory
sinks can be used for nost materials of not excessive toxicity that are
soluble in water. If liquid they may be poured down the drain with a
copious flow of water; if solid they should be dissolved in water first.
Acids and alkalis (including chromc acid cleaning solution) in anbunts not
exceedi ng about a pint should be poured slowy into a sink about half ful

of water after opening the sink drain; after the sink is enpty it should be
flushed thoroughly for several m nutes.

Sol vents that axe not mscible with water may be flushed down the sink with
a considerabl e anount of water if they anount only to "a few drops”; in any
significant quantity they should be poured into waste bottles that axe
suitably stoppered and | abel ed. They may | ater be distilled for re-use, or
di sposed of as described subsequently.

Hazar dous chem cal wastes of all descriptions may be di sposed of by calling
the Safety O fice for pickup and transportation to the Waste Chem cal s
facility (Mudd Hall) which is maintained by the O fice of Laboratory
Supplies and the Safety Engi neer. These wastes nust be in suitable
containers, properly |abeled and stoppered, and if of any considerabl e size
t hey shoul d be packed in boxes or safety pails with vermculite to prevent
acci dental breakage during handling. Anbong wastes that shoul d be handl ed



routinely in this way axe: any large quantities of acids and al kalis,
unrecoverabl e solvents that are immscible with water, all kinds of toxic
chem cals, especially those insoluble in water., "old chem cal s".

unl abel | ed or suspicious bottles of chem cals, all cyanides, alkali netal
wastes (covered with Nujol in a suitable container and sealed to prevent
accidental contact with water), floor sweepings containing nmercury or other
hazardous chem cals, and rags, gloves, and other objects that may have
become dangerously contam nat ed.

Mercury shoul d never be allowed to run down a drain, as it will settle in
traps where it may not only obstruct liquid flow but also anal gamate with
the drain-pipe netal. This may have serious consequences for a plunber who
m ght |ater heat the pipe with a blow torch.

Cyani des nust never be flushed down a drain because of the danger of

contact with acids flushed dawn sonewhere el se and the consequent evol ution
of HCN. The hazard is particularly great when several sink drains lead to a
common trap.

The waste crocks nmay be used for inert solid wastes such as paper, cloth,
and broken gl ass. Rags and paper towels that have been in contact with

aci ds, bases, and especially cleaning solution should be thoroughly rinsed
first; if dangerously contam nated with highly toxic chem cals they should
be put in a wide-nouth bottle or safety pail with appropriate |abel, for

di sposal by the Safety O fice. In general, chem cal wastes are not to be
put in the crocks, even in sealed containers; they create too nuch hazard
in the handling of trash by University enployees. It goes w thout saying
that al kali netal wastes should never be put in the crock or the sink.

When in doubt as to procedures for disposal, consult the Safety Ofice.
G O her Hazards
(1) Pressure and vacuum

Dangers from explosion and inplosion will be treated in connection with the
t echni ques of pressure and vacuum operations thenselves. In brief: use tank
clanps or chains to prevent upset of gas cylinders, which could result in
breakage at the value; use the correct regulators and fittings; use no oi

or grease with valves or regulators - -especially with oxygen; never admt
gas froma pressurized vessel to a closed systemw thout providing an
adequate safety relief; carry out all vacuum operations (reduced pressure
distillation, vacuumline mani pul ati on, desiccator evacuation) behind a
safety shield; do not nove an evacuated apparatus such as a distillation
set-up or desiccator; put electrician's tape on all dewar flasks and vacuum
desi ccators before using. Conpressed air fromthe | aboratory |ine should be
used only when necessary, and not routinely for cleaning off machinery,

your desk, the floor, or your clothes. The sixty-pound blast can easily
burst an eardrumor drive particles deep into the eyeball. Never point a
conpressed air blast at anyone, including yourself. Never connect the
conpressed air to a closed system (or one that could by acci dent becone

cl osed) that contains glass bulbs or rubber tubing that is not rated at at

| east twice the pressure.

(2) Electrical hazards

Most people are aware of electrical hazards in general. It is worth

poi nting out, however, that the |aboratory environnent anplifies the
hazards somewhat: voltages in sone | aboratory apparatus are frequently

hi gher than normally encountered (although the famliar 115 volts can be

| ethal with a good ground and wet hands); netal desk tops and fixtures
provi de body grounds; water lines and spills can furnish conduction paths.
Di sconnect apparatus fromthe electric mains (and in certain apparatus,

di scharge condensers) before tinkering, use insulating gloves and insul ated
tool s where appropriate, be sure the floor is dry. Do not defeat the

pur pose of interlocks, fuses, or circuit breakers designed to protect
supply lines, equipnent, and people. "One hand in the pocket" is good

i nsurance when electric shock is a possibility, and should be adhered to
rigidly when throwi ng open-type switches, renoving | eads fromterm nal
boards, pulling plug leads froma distribution board, operating |ine-power



rheostats, etc. Always be sure your hands are dry. G ound exposed parts of
all electrical apparatus where possible. Beware of single-pole double-throw
switches that may | eave part of an apparatus at an AC potential wth
respect to ground when the switch is off. Beware al so of "polarized plugs”
with prongs slightly different in wdth, designed to go into a simlarly
designed outlet in only one way so as to ground the chassis to the
"grounded” side of an AC |line; the "grounded" side actually is found quite
often to carry a significant voltage with respect to true ground. Moreover,
in an unpol ari zed receptacle or extension cord the plug will frequently go
in the wong way. It is better to use a plug with a third prong for
grounding in the appropriate outlet or to provide a positive ground to a
clanp on a water pipe. Be sure that power cords, insulators, and ground
connections are in good condition, and that fuses used are of the
appropriate rating. Avoid tenporary wiring as nuch as possible; use it

‘W th caution. Be very careful with electrical apparatus that nmay be wet,
especially heating mantl es and devices with exposed conductors.

Very high voltages carry special hazards. In dry air a spark can junp
approxi mately one centineter for each 10,000 volts; the distance is greater
with wet air or with sharp-pointed el ectrodes. X-rays may be a significant
hazard when the vol tage exceeds about 15,000 volts; this hazard can be
present in oscilloscopes, electron m scroscopes, and electron diffraction
apparatus as well as fromhigh voltage rectifier tubes.

(3) Radiation

Aside fromradioactivity, with which we will not deal further here,
injurious radiation in the | aboratory cones under four principal headings:
X-ray, ultraviolet, |laser, and radio-frequency power.

(a) X-Rays axe used by chem sts primarily in crystallographic diffraction
wor k. Such work should be performed only by persons who have been
adequately trained in the procedures and precautions, or under the

i mredi ate and responsi ble direction of such a person. An X-ray generator
and diffraction apparatus nust be shielded with 2 mm of |ead (or
equi val ent) so that no direct radiation escapes into the roomfrom either
of themor the junction between them and so that scattered radiation
arising fromthe junction, the crystal, and the beam stop are at the | owest
possible levels. Every diffraction experinment should be nonitored with a
counter-type survey nmeter and it should be ascertained that the radiation

| evel at all points around the apparatus is no nore than 10 nreni hr
(mllirem hour), and preferably | ess. The all owed occupati onal dosage of
whol e-body X-radiation is 300 nreniweek (but no nore than 5000/ year hands
or forearns are allowed several tines than nmuch. The output of the X-ray
tube at the wi ndow may be 10* remor 10’ nrem nmin! Local exposures of nore
than 1000 rem (easily obtained on the fingers when working on the apparatus
with a tube port open) can produce serious skin burns; probably nuch
smal | er exposures can cause eye cataracts. A whol e-body one-tinme exposure
of 500 rem (500,000 nren) of penetrating X-rays is usually fatal, but
difficult to inmagine as comng froma diffraction X-ray generator since the
beamis sonmewhat confined; also, the principal conponent of X-rays used in
diffraction penetrates only a fewmllineters into the body However, an

i nsi dious hazard with sonme X-ray units is back-conduction of a gassy
rectifier tube during the non-rectification halfcycle of a full-cycle
rectifier circuit; this can result in radiation of twce the nom nal
maxi mum energy as the beamfromthe X-ray tube, and of greater penetrating
power. Adequate shielding of the transfornmer-rectifier unit (1/8 inch of

| ead), good periodic mai ntenance, and routine nonitoring of the radiation
background are essential. Walls, ceilings, and floors do not provide
reliable isolation of crystallographic X-rays unless at |east equivalent to
five inches of solid concrete; wooden doors and pl asterboard partitions axe
not be to trusted.

The | aboratory shoul d be equi pped with fil m badges nounted at appropriate
positions to detect escaping direct radiation. Before the X-ray unit is
turned on answer the question: are all X-ray ports adequately covered?
Before | eaving the room be sure that no nmechanical mal function of the
diffraction canera can possibly lead to radiati on hazard during the run (by
slippage of a shield, displacenent of a collimator, etc.). A woman in the
first few weeks of pregnancy should avoid any exposures to X-rays as the



foetus is extraordinarily sensitive to injury that is likely to result in
subsequent mal f or mati on.

(b) Utraviolet radiation (such as is used in spectroscopic and
fluorescence experinents) can provide skin burns (akin to sunburn) and,
nore especially eye danage (particularly cornea and | ens). Eyegl asses
provi de sone protection; special goggles (wth side protection) are better.
In any case, careful attention should be given to shielding the experinent
to prevent the escape of any direct beam or any significant anount of
scattered radiation.

(c) Laser radiation is potentially dangerous to the eyes (retina) because
of the high energy content available in the | aser beam and because, being
coherent and parallel, the beam can be focused to provide exceedi ngly high
| ocal intensities. Adequate shielding nust be provided. Eyegl asses, of
course, give no protection fromlasers in the visible range.

(d) Radi o-frequency power such as is used in induction nmelting of alloys
and certain mcrowave applications can be absorbed deeply in human tissues,
"cooki ng" them qui ckly and causi ng deep burns. Shield induction units as
wel | as possible; keep your body out of a m crowave beam

Eye danage can al so be produced by flash tubes, very bright sparks, and
arcs.

(4) Centrifugation

A centrifuge contains a high-speed rotor which is under considerable stress
owng to centrifugal force. In a well-designed centrifuge properly
operated, these stresses are well below those required to rupture the
rotor. However, abuse of this apparatus can result in the rotor being nore
susceptible to rupture at a given stress; noreover, the stresses can be
considerably increased by vibrations arising frominbal ance. Wien the rotor
does rupture, its fragments becone dangerous hi gh-speed projectiles simlar
to bullets or shrapnel that can in some circunstances rip through the steel
outer jacket, through partitions between roons and then through human

fl esh. A high-speed centrifuge shoul d have an adequate barrier against

such a possibility; for an "ultracentrifuge” this mght be a reinforced
concrete wall about a foot thick.

Besi des providing an adequate barrier against bursting, it is inmportant to
guard agai nst inbal ance which is the principal cause of rotor failure. Each
centrifuge tube containing a sanple nust be bal anced with another of this
same gross weight (or rather, nonent of inertia) dianetrically opposite. Be
careful that inbal ance does not occur during the run owing to differenti al
evaporation of solvent. This can easily happen when two |i quids of
different vapor pressure are present dianetrically opposite, or when a
concentrated solution is initially balanced with the same wei ght of pure
solvent. It is best to balance each sanple with another identical to it.

VWhile the centrifuge is operating, and especially while it is approaching
its operating speed, be alert for unusual noises or other evidence of
excessive vibration; turn it off if any should arise. Never attenpt to stop
a centrifuge by nechanical interference; never put your hands into the
centrifuge until the rotor is absolutely stationary.

H. Procedures in case of accident

First priority is to get all persons injured and uninjured out of

t he dangerous environnent; second is to provide any energency action

needed to mnimze injuries (washing of eyes or skin, antidotes in certain
cases); third is to summon nedical help if needed. Since a nodern-day

chemi cal |aboratory is seldom (and should be never) nore than a very few

m nutes away from conpetent nedical aid, first-aid neasures by those on the
spot are in general inadvisable. Exceptions are inmedi ate precautions to
mnimze effects of shock, electrical or other; artificial respiration when
breat hi ng has stopped; pronpt staunching of any serious flow of blood by
use of a pressure conpress (not a tourniquet); use of the cyanide kit in
cyani de poi soni ng; neasures described el sewhere to deal with caustic
substances in the eyes or ingested. Leave nechanical eye injuries to be



dealt with by the doctor (restrain the patient if necessary from
aggrevating the injuries by blinking). Likew se |leave to the doctor the
treatnments of burns of all kinds and (in general) the adm nistration of
antidotes in all cases of poisoning.

The Johns Hopkins University energency nunber is x7777.

I n sumoni ng nedi cal help be as explicit concerning the nature of the
injury; before calling, take particular note whether the eyes axe involved
and whet her shock is evident. If the injured is clearly anmbul atory (show ng
no signs of shock), arrange for himto be received at the nedical center as
soon as he gets there, and acconmpany himthere. Shock is always a dangerous
possibility in cases of severe injury or trauma, and may result quite
unexpectedly in sudden heart stoppage and death. A person inshock has a
weak pul se and | ow bl ood pressure, his face and extremties wll be

pal e and cold, he nay be nauseated and may vomt, he may be |ight-headed,

or feel faint, his breathing may be shall ow and rapid and per haps
irregular. In the case of irregular breathing or unconsci ousness, there my
be serious danger to life. Keep the victimwarmand quiet lying flat.
Loosen any tight clothing at neck and waist. G ve the victimnothing by
nmout h, but his |ips may be noi stened.

Especially inportant:

(1) never give stinulants of any kind when shock is present
or a possibility, and
(2) never give anything by nouth to an unconsci ous person.

After all possible has been done to renove personnel from danger and assure
needed care for any injured persons, attention can be directed to

m nim zing other destructive effects of the accident. In any but the nost

m nor of fires or other accidents, and in all cases where there is injury

to personnel, energency aid should be called by JHU extension x 7777.

The Safety O ficer x8798 should be called al so and shoul d supervi se the
decontam nation of the area in the event of the presence of toxic,

fl ammabl e, or caustic chemcals in the environment. The Radi ati on Safety
Ofice (ext. 8798) should be called in the

event of any known or suspected X-ray exposure.
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