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Document
Portions of the information selected for inclusion in this

report were promulgated through industrial concern, It is
recognized that the hazards of the industrial laboratory do

not always coincide with the hazards that exist in the high
school laboratory., As a general rule the quantities and the
concentration of hazardous material in school laboratories are
léss than those used in their industrial counterpart, howsver,
the same precautions are often necessary, Any precaution which
serves to make the high school laﬁoratory a safer place to learn

merits consideration, regardless of its origin.
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CHAPTER ONE
THE SAFETY PROBLEM

According to a study conducted by Young (2lL), one major acci-
dent occurs per every forty students per year (1972) in Illinois
high school chemistry laboratories, Assuming such findings can
be extrapolated to the national high school science population
the resultant accident toll would be prodigicus, If science
instructors are to provide safe laboratory experiences for stud-
ents many precautions and control procedures must be considered.

The purpose of this report is to review the literatwre and
cite information which elucidates laboratory safety hazards,
precautions, and recommendations; and consolidate this inform=- ,
ation such that it may serve as a resource for improving the

safety related competencies of science instructors,



CHAPTER TWO
PART 1: SAFSTY IN LABORATORY DESIGN AND FURNISHINGS
If the laboratory is to be made safe, primary consideration
must be given to the basic design and facilities of the roonm,

The following list is representative of the types of ltems that

should be considered:

1. Laboratory floors, walls, ceilings, and furniture should be
constructed of noncombustible materials. (1)

2. Chemical storage rooms should be contained 5y fire walls and
fire doors., (1)

3. Flooring should be smooth and imperwvious, but not slippery
when wet, (2)

i, Furniture should have rounded corners and edges, and be
resistant to splintering, (2)

5. Alsles and passazes should be wide enough to allow quick
evacuation, as well as uncongested normal traffic., (2)

6. Exit doors should swing outward from the laboratory., (1)

7. Adequate exits should be provided such that no area in the
laboratory would be isolated from an escape route in the
case of fire, explosion. or release of dangerous gas., (1)

8, Laboratory benches or tables should be arranged such that
free escape is possible in two directions. (1)

9. Ventilation should be positive, (fresh air forced in), so
that it will not compete with the operation of exhaust fume
hoods, (3)

10, Ventilation should be continuous and provide approximately

six complete air changes per day, (3)



1l, Fume or exhaust hood considerations:

8y

b,

C.

d.

O,

f.

Ee

h,

i.

J

k,

Face welocities should be kept within the range of fifty
to one hundred fifty linear feet per minute over the
entire hood face, (i)

Face doors should not be allowed to close completely.

(At least a one inch opening must be left to ensure
proper draw.,) (1)

Glass face doors should be wire reinforced and shatter-
proof, (1)

If several hoods are needed by the laboratory, select
different sizes so that the correct size can be used for
different experimental conditions. (l)

Exhaust fans shaild be spark-proof and corrosion resistant,
(1)

Controls should be located outside the face door. (1)(L)
Although wood and plastic hoods are much more inexpensive
than soapstone or stainless steel hoods, one should consid-
er what emergencies the apparatus will be put to and what
hazards will be involved, (l)

Generally, a deeper hood will have a more uniform suction
across the face, (l)

Generally, the lower the height and the clear opening

the more satisfactory the air flow, (L)

The face sill should be sloped or elevated to prevent
experimental apparatus from being used too far out from
the air flow, (l)

Locate the hood away from doors, windows, heavily traffic-



12.

13,

15,

16,

17.
18,

19,

ed pathways, or other possible negative pressure draft
sources which might interfere with the suction of the
hood. (l)

1, Although there are no standards for testing hoods for
satisfactory operation, simple tests can be run on the
hood exhaust action with smoke bombs, hot-wire anemo-
meters, or release of odoriferous materials. (L)

m, Discharge outlets should be carefully situated to prevent
the exhaust from re-entering buildings via inlet vents or
windows, (1)(3)(L)

Electrical outlets should be located on pedestals or splash

boards to prevent entrance of water by flooding, (2)

All electrical equipment should be properly grounded using

three wire cables and plugs, (1)(2)

Master shut-off switches and valves should be easily access-

able to the instructor, especially gas and electricity. (2)

Fire extinguishers should be provided for combating class A,

B, C, and D fires, (2)(5)

Install fire blankets, fire showers, and eye wash baths in

accordance with the specifications of the State Fire

Marshal, (5)

One or more first aid kits should be provided., (2)

Adequate protective outerweaf should be provided for students

and teachers in the form of gloves, aprons, goggles, visors,

and safety shields. (2)

Carefully planned storage space should include: (2)

&, Special storage for chemicals that are toxiec, flammable,
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22,

or that must be stored under protective liquid layers,
b, Rimgaurd shelves,
¢, Ready access to shelves so that apparatus and containers
can be quickly and safely removed and replaced,
d. Racks or drawers with partitions for sharp tools.
Drains must be trapped and vented to avoid build up of
hazardous fumes or the return of these fumes to the lab-
oratory. (1)
Automatic fire detection and/or protection devices should be
installed in areas of continual fire hazard, (5)
Areas should be provided for students and visitors to hang

coats and shelve books, purses, etc, (5)



PART 2: LABORATORY EYE SAFETY

The extreme vulnerability of the eyes to the hazards which
exist in the laboratory and the history of eye accidents in
laboratories warrants special consideration of eye safety,

Kansas Senate Bill 152, signed in 1967, provides that all
educational institutions in Kansas will assure that all students,
teachers, and visitors in or proximal to activities in vocational-
technical shops, industrial arts shops, and science laboratories
shall wear eye protective devices which comply with the United

States Standards Institute Safety Code 72,1-1959,% (8)

In addition, the following considerations involving eye
protective devices are sugcested:

l., Ordinary corrective lens glasses are not sufficient, A safety
monogoggle should be worn over corrective glasses, (8)

2, If goggles are used on a community basis the school should
provide eguipment and material needed to clean and sterilize
these devices after each use. (8)

3. Ordinary safety goggles should be used against mechanical and
corrosive hazards only, and not relied upon for shielding of
electromagnetic radiation. (1)}(9)

A device that is becoming quite popular in high school lab-
oratories is the laser, (9) Laser light must be handled with

extreme care dues to its potential danger to the eye. ZEye injuries

#
The U,3, Standards Institute shall supercede references to the

American Standards Association effective August 1968, (8)



can result from laser light in two distinct ways:

1, Intense visible light which damages the retina (9)

2, Ultra violet and infra red light which tend to be absorbed
by the cornea, lens, and vitreous humor and heating the
tissues beyond the danger point (9)

It is recommended that all persons involved in laser work

follow these rules: (9)

l, Never look directly into a laser beam,

2o Never use the eye to detect a laser bean,

3. Do not rely on any protective device (goggles) for viewing
the laser beam directly,

}o Prevent reflections from jewelry, hardware, tools, etc,

S5¢ Use a shield as a laser setup to avoid accidental exposurs.

6, Post warning signs at entrances to laser labs,

7. BEmploy some audible or visible signal to indicate that the
laser is or is about to be operating.

8, Operate the laser in well lighted labs,

9 In demonstrations use screens with diffusely reflecting surfaces,



PART 3: ELECTRICAL HAZARDS

In addition to providing the sparks which ignite fires or
explosions in the laboratory, (see PART 7), the use of elect-
ricity in the laboratory presents the hazard of electric shock,
Pieters (10) discusses electrical hazards with enlightening
clarity,

The human body can be thought of as a sensitive ammeter, of
which the resistance to electrie current varies widely with the
circumstances surrounding the contact, It responds to very
small elsctric currents, the effects of alternating current
being the more severse,

The threshold of human perception of one hundred ten volt
alternating current at a frequency of sixty cycles per second
is 1 milliampere (ma), The let-go limits are from 6 to 9 ma,
above which such a violent muscle contraction is caused that the
victim is unable to release his grip, At 25 ma breathing becomes
difficult or impossible, leading to asphyxiation which can result
in respiratory paralysis, In such cases the victim can be saved
only by immediate and continued artificial respiration, At 100
ma (one tenth of an ampere) the heart mey become affected by
ventriculer fibrillation, which is nearly always fatal, Currents
of 1000 ma (one arpere) or more usually cause severe tissue
burns,

As stated abore, the human body has wvariable resistance to
electric current, This resistance variation ranges from 1CO ohms
to 500,000 ohms approximately, By employing tnese limits for

resistance and the relationship between current, resistance,



and voltage defined by Ohm's Law (where current is equal to
the product of the voltage and the reciprocal of the resist-
ance) it can be demonstrated that a faulty 110 volt electric
appliance can pass a current through the human body which ranges

from an imperceptible 0,2 ma to a fatal 1,100 ma,

1

= ,0002 amps = 0,2 ma

110 volts X gor—oo—omms
i - -
110 volts X m =1,1 amps = 1,100 ma

Since the variability of the human body's resistance to
electric current is so unpredictable, any electrical apparatus
which produces even the slightest shock should be disconnected
and repaired irmediately., An important point to consider is
that moisture generally decreases the body's resistance to
electric current, thereby increasing the possible current amp-
erage, For this reason electrical equipment should never be
operated with wet hands or while standing in water. An essent-
ial precaution in using electricity is to ensure that the equip-
ment is properly grounded, This simply means that the device
should be equiped with a conducting pathway to the ground that
offers less resistance to electric current than the human body,
since the electric flow will follow the path that offers the

least resistance,
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PART ly: SAFE HANDLING OF GLASSWARE

Many of the accidents that plague the science laboratory are

caused by improper heating, cutting, or handling of glassware,

Such hazards can be recuced if the guidelines listed below are

followed:

A, Applying heat to glass containers

Glass vessels containing liquid to be heated by an open

flame should rest on an iron mesh with an asbestos center to

prevent the flame from reaching the glass above the level of

the liquid being heated. This helps avoid cracking of the

vessel due to differential heat stress. (1)

1r
1.

2.

3.

Test tubes, however, can be safely heated by an open fleme
the following rules are observed: (10)

Move the tube through the flame continuously to avoid
local overheating,

Only use aporoved test tube holders or tongs when heating
a test tube over an open flame,

Keep the tube out of the inner blue or nonluminous fleame
which is much hotter than than the outer yellow flame,
Position the mouth of the test tube so that it is not
pointing at anyone. This precaution is taken in the event
the "cannon effect" should occur, This is when the super-
heated 1liquid in the bottom of the tube rapidly "bumps' or
violently vaporizes shooting the overlying hot liquid out
mich in th e mammer of a miniature cannon, This could
cause a tragic accident if the liquid is a strong acid or

base and is sprayed into a person's eyes,



B,

c.

Cutting glass tubing (1)

In order to cut glass tubing make a small clean etch at
right angles to the tubing with a file or glass cutter at
the exact point on the tube where the severance is desired,
Hold the tube in front of the body with the etch pointing
avay., Using garden-type gloves or a towel for protection
place the thumbs behind and slightly to either side of the
the etch and gently bend the tubing outward, The glass
should snap cleanly at the point of the etch, Immediately
fire polish both ends of the tube, This simply means to
melt the fractured surfaces smooth and round with a flame,
Inserting glass tubing into a stopper

This procedure, a cormon source of laboratory accidents,
can be safely accomplished if the following rules are
followed: (1)

1., Ensure that the tube and stopper hole diameters are the
correct size for an air tight fit, but not so tight that
excess strain is needed for insertion.

2. Always lubricats the tubing and stopper with glycerine,

3, Use a towel or garden gloves to protect hands.

. Apply a direct force with the hands close together and
avoid bending the tube to the side as to make it break,

5. Short twisting movements are preferred to long thrusts,

11
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PART 5: SAFE HANDLING OF LABORATORY ANIMALS
Animals can be a stimulating asset to the science laboratory,
but awareness of their habits and behaviors is essential, Gordon
(11) has presented an assemblage of cormon sense guidelines for
the safe handling of lsboratory animals.
I, HOW TO PREVENT INF=CTIONS
A, Know which animals are infection carrier possibilities
1, Turtles, baby chicks, and ducklings are frequent salmonella
- carriers,
2, Rats, mice, hamsters, raccoons, opossuns, reptiles, and
frogs may be infected with leptospirosis or Weil's disease,
3. Ringworm is frequently spread by dogs and cats,
i, Few animals are immune to internal and externsl parasites
such as tapeworms, roundworms, bacteria, viruses, etc,
B, Suggestions for infection-infestation prevention
l, Dontt handle laboratory animals unnecessarily
2. Always wash hands after handling an animal,
3. Avoid handling animals if there are sores or cuts on one's
hands or arms,
lj. Be aware that some children are allergic to certain animals,
5. Keep the aninmals and their quarters as clean as possible,
6, Ensure that no wires or jagged edces protrude from the
cages,
II, HOW TO PREVENT BITES
A, Do not allow fingers to be pushed into cage openings,

B, Do not handle a frightened or excited animal,
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F,

I.
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L.

M.

N.
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Ensure that no natural enemies, especially dogs or cats,

are present to frighten an animal into defensive behavior
while being held,

Never tease an aninal or force it to protect itself,

Keep your face away from animaels and their cages,

Do not allow animals to be handled when floors are slippery
or strewn with objects that make footing precarious,
Prohibit poisonous or venomous animals from the laboratory,
Vear garden-type gloves when handling rodents or nonvenomous
snakes,

Animals likely to bite should be housed in cages that have
wire mesh too small to allow fingers to pass through,
Students should be instructed on methods of holding animals
which are both safe and comfortable for the animal,

No animal should be touched or disturbed while eating, since
so many animals instinctively protect their food,

Rats are more properly picked up by the scruff or nape of the
neck,

Always cradle a hand snugly under a rabbit's hind legs when
holding them to avoid scratches and cuts from their powerful
kicks,

Avoid picking up pregnant hamsters, for they can be very
vicious and unpredictable at these times.

Be cautious when handling baby animals if the mother is
present, for she may be viclously protective of then,

Fever make sudden or offensive moves when handling animals,

Be sure that the animals kept in the laboratory are of a



compatible nature to avoid unnecessary stress and anxiety.

III, WHAT TO DO IF A PER3SON IS BITEN

A, Cle:an the wound with soap and water.

B, Notify the principal or school nurse immediately.

C, Keep the animal alive and isolated until nhealth officials
have had an opportunity to inspect it, If the animal is
dead and cannot be delivered to health officials immediately
it should be placed in a plastic bag and frozen,

IV, GENERAL PRECAUTIONS

A, Be sure that the animals are given the proper food and plenty.
of fresh water,

B, Aquariums should be drained with a siphon before being moved,

Ce Do not use wooden cages for rodents,

D, Cages with removable drop trays are preferable since they
can be cleaned without disturbing the animal.

E, Be sure that aquariums and other heavy objects can be safely
supported by the bench, table, or stand they are on,

F, Many animals which are docile in the wild may become moody
and unpredictable in captivity,

G, Refer to your State Fish and Game Commission for regulations
concerning keeping wild animals in captivity, since some

states require a permit,
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PART 6: LABORATORY FIRST AID

First aid should not be confused with medical treatment,

The school policy handbook should be consulted for specific
limitations in this area, The first aid procedures listed
below are intended as a guide to emergency action that will
keep the vietim alive or comfortable until treatmemt can be
administered by authorized medical personnel.

A, Abrasions and cuts (12)

l, Superficial - “ash gently with water and wipe debris away
from the cut outward with sterile cotton. Apply antisep-
tic and a bandage.

2. Deep irregular wounds - Cleanse around the wound, apply
clean dressing, and refer for medical attention,

3, Puncture wounds - Cleanse and cover with a clean dressing.
Parents should be notified that medical attention may be
required for tetanus prophylaxis,

B, Animal bites (11)(12)

Cleanse the wound with water, apply antiseptic and clean

dressing, and notify parents for medical attention, Obtain

complete information about the animal for police or health
department officials,

1, Bee stings or insect bites - Remove the stinger if it is
present, Apply aromatic spirits of ammonia or baking soda
solution to the area, A cold compress or ice pack will
help to relieve the pain,

2. Snake bites - Have the victim lay down and remain quiet, If

the bite is on an extremity apply a constricting triangular
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bandage between the bite and the heart. Apply suction to

the bite with snake bite kit equipment, Apply en ice pack to

the bite if possible, Obtain medical attention irmediately.

Bleeding (12)

l, From the nose - Place the student in a sitting position
with the head tilted slightly forward. Apply pressure to
both nostrils with a gentle pinching for as long as is
necessary (about ten minutes),

2. From wounds - If it is necessary to stop the loss of blood
attempt the following applications of pressure in the
order they are listed:

a, With 2 dressing or bandage compress to the wound

b. To pressure points

¢, By a constricting triangular bandage to an arm or leg,
but only in the case of severe, uncontrollable, life
threatening hemorrhage.

Blisters (12)

If the blister is open apply a clean dressing, but do not

open a blister,

Burns (1)(12)

1., Thermal burns
a, HMinor burns - Soak the burned area in ice water or

apply an ice pack for 15 minutes and apply dry dressing,
b, Extensive burns - Do not attempt to cleanse the area and

do not apply any type of ointment, Call for medical

aid irmediately, Iliake the victim as comfortable as

possible and treat for shock,
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Chemical burns - This is tissue damage due to the action
of strong acids, strong bases, or strong oxidizing agents,
Immediate removal of the contacted substance is essential,
This may mean removal of clothing, shower, or both, Skin
contacts must be promptly flushed with an excess of

water, Aet quickly, but not recklessly,

P, Bye injuries (1)(12)

1,

2.

Foreign objects - Remove only those objects that can be

- safely and easily dislodged, otherwize this should be

left to an expert,

Chemical eye burns - First aid consists of immediate
and thorough flushing with water, Do not hesitate to
get the persont's hair or clothes wet, since these will
quickly dry. Wet clothes is a much better fate than
permanently impaired vision, The eyelids should be
forced open to expose the entire eye to the water, This
may be difficult since pain reflexes tend to keep the eye
tightly closed, DNever use neutralizing solutions or
ointments on the eves, Refer the victim to a physician
eventhough no lasting pain is felt, szince some compounds
cause delayed saction injury. (Acid has relatively rapid
action, but alkali tends to cause more slowly progressive
injury) Other than flushing the eyes with water, leave

eye treatment to gualified mediecal experts.

G, Drowning or stopped breathing (12)

Apply artificial respiration as long as needed and treat for

shock, Secure medical aid irmediately.
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Bars (12)
l, Barache = refer to the school nurse or principal
2., Foreign objects - refer to parent for medical attention
Seizures (12)
Keep the person lying down and turn him on his side until
the seizure is over to prevent self injury. Notify the
parents of the incident.
Fainting (12)
l.. Faint - Place the victim flat with the head lower than
the feet,
2o Feeling faint - Have the person stoop over with the head
between the knees,
In both instances check for improper room ventilation,
Practures (12)
Treat for shock., Do not move the victim and be sure to
keep the injured area irmmobile, Secure medical aid,
Poisons (1)(12)(3)
l, Inhaled poisons
a, Carry the vietim to fresh air, but be cautious not to
succumb to the same poisonous gases,
b, Open all windows and doors and increase the exhaust
system to the maxirmum,
c, Loosen tight clothing especially about the victim's
neck and waist,
d, Administer artificial respiration if breathing has
stopped or is weak,

e, Prevent chilling and keep the victim quiet,
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£, Do not give the victim alcohol in any form,
g« Secure medical attention as soon as possible,
2, Absorbed poisons
a, Vash the contact area with soap and water,
b, Remove contaminated clothing if necessary.
¢. Refer the person to a physician for an examination,
3. Swallowed poisons
In all cases the aim is to prevent absorption of the poison
_into the blood stream, Speed is essential, In all cases
except those listed below remove the poison by inducing
vomiting,
a, Victim is in a coma or unconscious
b, Victim is in convulsions
¢, Victim has swallowed petroleum products
d, Victim has swallowed corrosive chemicals
If the victim is already vomiting and none of the excepted
situations apply assist vomiting by giving warm water,
After positive identification of the poison has been made
seck advice from a physician or emergency hospital for an
antidote while waiting for authorized medical attendants
to arrive,
M, Shock (10)(12)
In case of shock the victim feels faint, complains of thirst,
and may vomit, The face will be pale and the skin will feel
cold. The pulse will be rapid end the breathing will be weak,
The victim should be layed flat with the feet raised, Tight

clothing should be loosened, Cover the patient to conserve

N
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body heat, but avoid extreme warmth, If the patient is
concious give water as desired, but never alcohol.
Artificial respiration may be needed if breathing has
stopped, Secure medical care immediately,

Splinters (12)

Remove splinters that are readily accessible and apply anti=-
septie, If deeply embedded vrefer to parents for medical
care,

Sprains (12)

Consider as a fracture until proven otherwise,

Toothache (12)

Refer the student to parents for dental care.



PART 7: CHEMICAL HAZARDS IN THE LABORATORY

I. HAZARDS IN CHEMICAL RTACTIONS (6)
A, Combustion

Although rarely so considered, fire is a chemical reaction,
Normal combustion reactions are fast, but controllable by
regulating the a) temperature, b) availability of the oxidiz-
ing substance (usually oxygen), and c¢) availability of the fuel,
Most combustion reactions require ignition, or minimal energy
input, but a few types of combustion reactions occur spontan-
eously,
B, Oxidation

Oxidation differs from combustion only in the fact that the
decomposition reaction is stopped enroute to the normal combust-
ion products of carbon dioxide and water, Oxidation reactions
are all exothermic and equilibrium is almost always in favor of
reaction completion, Vigorously strong oxidizing agents such as
salts of permanganic acid, hypochlorous acid and its salts,
sodium chloride, chlorine dioxide, all chlorates, all peroxides,
nitric acid, nitrogen tetroxide, and ozone should be used with
extreme caution, Safety in oxidation reactions is usually rep-
resented by low concentrations of oxidizing agents, low concen-
trations of fuel, or low temperature,
C. Neutralization

Aside from the thermal effects resulting from too rapid add=-
ition of reactants, these reactions are relatively free from
hazard, =Zxception to this might be taken if the concentrations

of the reactants are extremely high.



