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These LABORATORY SAFETY GUIDELINES are a Department of Chemistry supplement to the Faculty of Science and Faculty of Engineering Laboratory Safety Handbook released by the Department of Environmental Health and Safety.

DISCLAIMER


The materials contained in this document have been compiled from sources believed to be reliable and to represent the best opinions on the subject.  This document is intended to serve only as a starting point for good practices and does not purport to specify minimum legal standards or to represent the policy of McMaster University Department of Chemistry.  No warranty, guarantee, or representation is made by the McMaster University Department of Chemistry as to the accuracy or sufficiency of the information contained herein, and the McMaster University Department of Chemistry assumes no responsibility in connection therewith.  This document is intended to provide basic guidelines for safe practices.  Therefore, it cannot be assumed that all necessary warning and precautionary measures are contained in this document and that other or additional information or measures may not be required.  Users of this document should consult alternate sources of safety information prior to undertaking specific tasks.  Some other sources of safety information are listed in References Section J.

Acknowledgement
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The Figures used in the WHMIS section are derived from Reference 21 and are used with permission of the Workers' Compensation board of British Columbia.

This manual was prepared by the Chemistry Department Safety Committee (1985/86) and revised by G. Timmins in 1992 and 2001. Any corrections, additions or comments should be brought to the attention of the current Department of Chemistry Safety Committee.
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IN CASE OF INJURY OR SUDDEN ILLNESS


PUSH THE PANIC ALARM AND CALL 88


Each lab is supplied with a first aid kit, a safety shower and an eyewash fountain.  KNOW WHERE THEY ARE AND HOW TO USE THEM.


Fire blankets are located by the elevator on the 2nd, 3rd and 4th floor, and by the main Chemistry office ABB 156 on the first floor.  KNOW WHERE THEY ARE AND HOW TO USE THEM.

Any members of the safety committee (see list on each laboratory door) may be contacted for help or information regarding this equipment.


Know the dangers associated with the procedures and chemicals which you use.  PROTECT YOURSELF.  In case of personal injury, the McMaster Hospital Emergency Unit (MUMC) can provide emergency medical treatment.  Call McMaster Security at 88.


IN CASE OF FIRE, PULL THE ALARM AND CALL 88

Know the location of fire extinguishers and exits.  If necessary, notify the fire department (call 88), warn others and clear the area.  Most of the instrument rooms are protected from fire with HALON (halomethane) bombs.  AS SOON AS THE EXTINGUISHER (bomb) IS ACTIVATED,  AN ALARM SOUNDS AND YOU HAVE 30 SECONDS TO LEAVE THE ROOM BEFORE THE HALON IS RELEASED.  If there is a false alarm, press the reset button on the Halon control panel near the exit door.

IF THE FIRE IS SMALL, try to combat it by:


(a)
using the fire extinguisher (see Table 1, p.30) or,


(b)
smothering the fire with sand or a fire blanket.

SPILL KITS for acids, bases, flammable solvents and mercury are available in the Instrument room ABB-365  and in the Dry-Ice cupboard on the first floor, ABB-107A.
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LABORATORY SAFETY GUIDELINES




Laboratory safety has two goals, one is the prevention of accidents and the other is containment of the consequences of an accident. While the prevention of accidents is a primary goal, they can occur; in such cases, containing and limiting the damage becomes very important.  Safety guidelines are intended to reduce the chance of an accident occurring. However, knowledge of these guidelines alone will not prevent all accidents.  Rules cannot be written to cover all potentially dangerous situations. Common sense, alertness and a cool head go a long way to ensure that unexpected situations are  detected before they become dangerous situations.



Accidents usually create a feeling of panic, if only momentarily.  Your reflex action in panic situations was established years ago.  For some people, it is a time when their actions are irrational; some will freeze; some will react in a reasonable way to try to contain the accident. If you are aware of the dangers, have taken reasonable precautions and know what to do in the event of an accident, these situations will be much less fearful and the feeling of panic much less severe. You will be more likely to react in a rational way if you are aware of the safety, accident and fire procedures laid out in this manual.

A. GENERAL CONSIDERATIONS ‑ AN OVERVIEW



In the laboratory the chemist works with many potentially dangerous substances.  Yet, with constant alertness, awareness of the potential hazards, and a few  common‑sense precautions, laboratory operations can be carried out with a high degree of safety.  Although commitment to safety programs must begin at the highest levels of administration, most of the responsibility for the personal safety of the laboratory workers rests on the workers themselves.




A large proportion of reported laboratory accidents are a result of cuts from broken glassware, knives, etc.  Chemical hazards in the laboratory may be divided into three main categories: contact of chemicals with the body (toxic and corrosive hazards), fires involving chemicals, and explosions involving chemicals.  Many laboratory accidents involve a combination of these hazards.  For example, a solvent spill in the presence of a faulty electrical system which is generating sparks might result in a fire (or explosion) or a blockage in equipment might result in an explosion throwing chemicals on a worker.  Although gassings and explosions account for less than 2% of accidents, they result in more than a third of fatalities.  The evidence for occupationally induced cancer in chemical laboratory workers is weak despite the wide range of potential mutagens and carcinogens found in laboratories.  Better studies are required to ascertain if there is an increased risk of certain types of cancers.  Allergic responses to chemicals is a very common problem; they are responsible for more than half of the laboratory problems necessitating a change in employment.

Be Alert, Stay Alert


The basic rule of safety in the laboratory is: be alert ‑‑ stay alert;  the laboratory is no place for the "absent‑minded professor". Take the trouble to understand what you are doing and to know what the hazards are; take the appropriate precautions, and use the  appropriate protective equipment.  Some of the more important laboratory rules and precautions are summarized under the  following 21 headings.

A-1 Working in the laboratory alone
When carrying out potentially dangerous reactions outside regular hours, it is strongly recommended that someone else be nearby to provide assistance in case of need.

A‑2 Wear eye protection whenever there is a potential hazard.

"Safety glasses" with impact‑ resistant lenses in approved frames, protective goggles, a face shield, or some appropriate combination of these must be worn whenever there is a potential hazard in the laboratory. Safety glasses are approved only for impact resistance; goggles must be used when there is a potential splash hazard.  Safety glasses may be obtained either ground to prescription or non‑refracting.  Safety glasses and goggles are available from the Science Stores.  Side shields of transparent plastic may be clipped on to glasses for additional protection.  In the event of an explosion the lenses of ordinary glasses are much more easily shattered and the glass fragments may be driven into the eyeball; in such a case they can be worse than no glasses at all.  

A Caution to Those Wearing Contact Lenses

Contact lenses provide negligible protection, and indeed their use may seriously aggravate hazards from splashed liquids since they will impede washing the eye free of caustic liquids that creep or diffuse under them. It is inadvisable to wear them even under safety glasses, which (it must always be remembered) do not provide good protection from liquid splashes from the top, sides, or bottom; goggles should be worn. Soft contact lenses may absorb and retain vapors (resulting in eye damage due to prolonged contact of the eye with chemicals).

A‑3 Fume hoods are recommended

for all operations involving poisonous or offensive gases, fumes or vapours, as well as for operations involving highly flammable or potentially explosive materials. The combination of a fume hood and a safety shield (see below) will provide the maximum readily available protection against minor laboratory explosions.  A continuing complaint during inspections is the improper use of fume hoods.  Fume hoods must be used properly or they may only give the illusion of protection.  Before using a fume hood, one should always check that it is functioning.  A simple method of doing this is to tape a small strip of Kleenex or other tissue to the bottom of the sash; this will give an immediate indication of air flow.  The exhaust rate is not a single reliable measure of a fume hood's effectiveness; air supply to the room is also important since drafts across the hood face may cause leakage.  The ABB fume hoods are not designed to work properly if laboratory doors are left open; these are also fire doors and must be kept closed by law.  Although high air flow may cause difficulties when using finely powdered materials and may also cause turbulence resulting in leakage from the hood, normally the hood should be used with the sash as fully closed as possible.  Unnecessary materials (reagent bottles, waste bottles, extraneous equipment, etc.) should not be left in the hood since they will cause turbulence that may result in leakage from the hood.  This leakage usually occurs where the worker is standing blocking the flow of air into the hood.  Equipment should be kept at least 6 inches from the edge of the hood and placed centrally in the hood.  Chemicals (including flammable waste solvents) should not be stored in a hood to be used for experimental work because of the added danger in the event of an explosion or fire.

A-4 Safety Shield

Guard against injury from explosion, implosion, flash fires, and splatter of dangerous liquids by interposing a "safety shield" or other effective barrier between all personnel and any set-up presenting such hazards.  This would include vacuum distillations, gas scrubbing trains containing significant amounts of corrosive solutions and all evacuated equipment of any significant size.  Additionally, Dewar flasks, vacuum desiccators and other large vessels under vacuum should be well taped with electrical tape in order to contain the glass in the event of implosion.

A-5 Carrying Chemicals
Only approved safety carriers with well‑fitting covers can be used to transport any dangerous liquids or any solvent in amounts equal to or exceeding 500 mL.  Plastic pails are not approved carriers.

A-6 Never heat a flammable solvent in an open vessel over an open flame.

Keep a respectable distance between open vessels containing flammable solvents and any open flames or sources of sparks (e.g. stirring hot plates).  Chloroform and methylene chloride will form phosgene in a flame.  Except under special circumstances, an open flame should never be used in the laboratory. If necessary, as for glassblowing, open flames are permitted but should be extinguished as soon as they are no longer required.  Substances with very low auto-ignition temperatures such as diethyl ether have been ignited by hot plates and carbon disulfide ignited even by steam pipes.  

A-7 Refrigerator Storage

Beakers or unstoppered flasks containing chemicals should not be placed in a refrigerator (even if it is of the "explosion proof" type) or in any other unventilated enclosure.  Food or beverages must never be stored in a refrigerator used for storage of chemicals.

Never store volatile toxic materials in a refrigerator or other unventilated enclosure even in a "stoppered" vessel. The first breath a person takes after opening the refrigerator door could be his/her last.  Volatile flammable substances must only be stored in approved "explosion proof" refrigerators.

A-8 Large‑Scale Reactions

Reactions that work safely with small quantities may not be safe when scaled up (i.e. more than about 100 g). 

A-9
Always be careful to avoid pointing the mouth of a vessel being heated toward any person, including yourself.

A-10 Closed Systems

Except for certain operations for which special instruction should be obtained beforehand (reduced‑pressure distillations, reactions in bombs or sealed tubes, etc.) never heat reactants of any kind in a fully closed system; be sure the system is open to the air at some point to prevent pressure build-up due to boiling or gas evolution.

A‑11

Never add anything TO a concentrated acid, caustic, or strong oxidant; instead add the acid, caustic, or oxidant slowly and cautiously to the other ingredients, preferably no faster than it is consumed by reaction.

A-12 Superheated Liquids

Never add solids (boiling chips, charcoal, etc.) to a hot liquid as this may result in violent boiling if the liquid happens to be superheated.  Such additions should be performed when the liquid is still at room temperature.

A‑13 Never pipette by mouth.

Fill a conventional pipette with a rubber bulb or use an automatic pipette.

A-14 Label Chemicals

All chemical containers should be correctly and clearly labelled.  Labels for your preparations should contain, besides the name or formula of the contents: your name, the date, and a sample number by which it can be identified in your notebook.  Proper labelling is a requirement of the WHMIS legislation.

A‑15 One should never pour anything back into a reagent bottle.

A-16 Protective Clothing

Protect your self and your clothing by wearing a laboratory apron or a laboratory coat.  Lab coats should be washed frequently.  Lab coats should not be washed in home laundry equipment.  Lab coats could be washed manually in the laboratory sink.  Contaminated clothing such as lab coats should not be worn outside the laboratory.

A-17 Loose Clothing

Dangling neckties or scarves, unrestrained long hair, and fluffy or floppy clothing (including over‑large or ragged laboratory coat sleeves) can easily catch fire, dip into chemicals on the laboratory bench, get ensnarled in apparatus and moving machinery, etc. Remove or restrain your long necktie/scarf, put up long hair or at least restrain it with a rubber band. Open‑toed sandals should never be worn in the laboratory.  Bare feet are strictly forbidden in the laboratory; be sure to warn your friends who may visit you in the summer.  Shorts and T-shirts are also strongly discouraged; they expose large areas of the arms and legs to contaminants and to fire.

A-18 Hand Protection

The first action to be taken in the event of a chemical spill on the skin is to thoroughly wash the effected part with lots of water.  See also Section E-1.

Your hands should be protected with rubber or plastic gloves when handling toxic materials or caustic liquids, or with canvas or other appropriate gloves when handling hot or very cold objects.  Gloves made of the proper material should be selected for the chemicals being used; some highly toxic substances will penetrate rubber or vinyl gloves. A list of many chemicals and the most resistant materials to be used with them is available at the back of the Cole-Parmer catalog.  One should also be aware that gloves, even when new, may contain holes. Do not hesitate to discard gloves (or aprons, lab coats or even shoes) that become contaminated or have holes in them.  Contaminated gloves should be removed before exiting the lab in order to avoid contamination of door knobs, telephones, Departmental instruments, etc.

A-19 Chemical Waste Disposal
You should know and observe the approved procedures for disposal of the chemicals and laboratory refuse associated with your experiment (see Section G‑3). No chemical waste should go down the sink. Package hazardous chemical wastes in suitable containers appropriately labelled according to the classifications shown below:

Waste Classification:



Group A


1)
Inorganic acids (e.g. hydrochloric and sulfuric acid)



2)
Elements and inorganic acidic salts that do not liberate gaseous products when acidified (eg. solids pH range 7 to 1--sulfate salts, boric acid)



Group B


1)
Inorganic alkaline chemicals (eg. sodium hydroxide)



2)
Organic bases (eg. amines)



3)
Elements and inorganic alkaline salts (eg. copper oxide and sodium sulfide)



Group C


1)
Solid organic compounds (excluding organic bases) (eg. sodium acetate, phenol, carboxylic acids)



Group D1


1)
Non-halogenated organic liquids (excluding bases, resins and paints) (eg. alcohols, ketones, aldehydes, esters, organo-acids)



2)
Halogenated organic liquids (eg. carbon tetrachloride, chloroform)



Group E


1)
Inorganic oxidizing agents (eg. permanganates, nitrates, periodic acid, perchloric acid, chromium trioxide)



Group E4


1)
Inorganic cyanides (eg. sodium cyanide, ferricyanide)



Group F


1)
Organic pesticides, herbicides and rodenticides



2)
Inorganic pesticides, herbicides and rodenticides



Group G


1)
Potential shock sensitive materials (eg. picric acid, 2,4-DNP)



2)
Organic oxidizers (eg. benzoyl peroxide)



3)
Moisture sensitive organic compounds (eg. silanes, acid chlorides)



4)
Alkyl and aryl metal complexes (e.g. Grignard reagents, triethyl aluminum)



5)
Moisture sensitive flammable inorganic materials (eg. sodium)



6)
Moisture sensitive corrosive inorganic compounds (eg. titanium tetrachloride)



Note:  The above must be shippable under the Transportation of Dangerous Goods Act



Group I


1)
Pressurized, compressed or liquified gases in lecture bottles or other cylinders (eg. hydrogen sulfide, carbon dioxide)



Group P


1)
Paints, varnishes and thinners



Group R


1)
Resins and non-reactive activators (eg. isocyanates, polymers)



2)
Glues and adhesives



Exceptions:  (the following materials are not disposed of with the normal chemical waste)



1)
Radioactive materials of any type



2)
PCB's of any type



3)
Bio-hazardous materials

Beyond these general classifications, one should be aware of potential specific chemical incompatibilities.  One of these, which is avoided by segregating halogenated solvents, is the potential reaction between acetone and chloroform.  These will react to produce "chloretone" in an exothermic reaction catalysed by bases.  In a tightly closed bottle, a violent explosion can take place.

Label Waste Bottles Clearly
Labels for waste bottles may be obtained from Science Stores and must be placed on waste containers when they are first set out for use.  Unlabelled waste will not be accepted.  Any unusual wastes should be labelled with a description so that the waste can be sorted later according to its chemical compatibilities with other substances.  It is important that such information be provided.  Unknown chemicals will not be accepted for waste disposal; wastes must be accurately identified.

Waste Removal
Waste bottles should not be allowed to accumulate in the laboratory.  On a routine basis, filled waste bottles should be taken to the Risk Management personnel at the ABB Receiving Dock area (B132) on Tuesdays (9:30-11:30 am).  A special cart for transporting the waste bottles may be taken from the Receiving Area for short periods.  If transporting individual bottles, an approved safety carrier must be used.  For special hazards (e.g. dry picric acid, explosive peroxides, etc.) arrange with the Risk Management Office a time for delivery; this time will be arranged to coincide with arrival of the waste disposal company.  See Section G‑3 for more details on chemical and waste disposal.

A-20 Safety Equipment
Know the location of exits, fire extinguishers, fire blankets, sand pails, safety showers and eyewash fountains.  Supervisors are legally responsible for ensuring that their students/employees are trained in the proper use of safety devices.  Familiarize yourself with the purposes of these devices and with the procedures for their use.

Fire Blankets
Fire blankets are to be found in ABB just outside the chemistry wing on the most floors (outside ABB 474, 367, 266A, B113) and half way down the wing on the first floor (outside ABB 115).  If clothing is on fire, get the victim to the floor, roll them over and over, and smother the flames with the fire blanket or a lab coat.

Chemicals In The Eyes
In case of eye contact with chemicals, immediately bathe the eyes in cool running water: subject the eyes to a copious (but not forceful) flow of water from the eyewash fountain located by the exit door; hold the eyelids thoroughly open to bathe the eyeballs and undersides of eyelids.  

Summon medical help immediately (call 88).  If alkali is involved, follow the washing by water with application of a 3% solution of boric acid. Time is of the essence; caustic alkali can destroy the cornea in as little as five minutes. CAUTION: Boric acid should be used externally for the eyes only.  Boric acid is very toxic if taken internally, thus never take boric acid by mouth as an antidote for a base or for any other reason.

Eye wash fountains should be flushed for several minutes each week to minimize the build-up of  microorganisms.

A-21 Know Hazards

Before beginning any procedure with which you have not had adequate previous experience and/or don't have a thorough knowledge of the hazards, you should find out what the hazards and appropriate precautions are by reading the literature and/or conferring with someone having such knowledge and experience.  Supervisors are legally responsible for ensuring that their students/employees are properly trained to handle hazardous materials and procedures.  (See list of references, Section K).

A-22 Thermometer Use

When inserting a glass thermometer into a rubber adapter or stopper, use lubrication and protect the hands in case of breakage by using wadded up paper towels or other protection.  Grasp the thermometer near the insertion point and try to apply force directly down the axis of the thermometer.

This list of twenty‑one safety guidelines and precautions has been chosen somewhat arbitrarily and is by no means complete.  However, it represents in our view a selection that contains the most important precautions.  This list should be reread periodically until observance of these precautions has become second nature. These same precautions and some additional ones will be treated in specific contexts in the following sections which should be read in advance of performing the corresponding laboratory operations and should be reviewed from time to time.

B. PROCEDURES IN CASE OF ACCIDENT
For McMaster University Department of Chemistry, there are three responses available in case of an emergency:


FIRE ALARMS;  PANIC ALARMS;  TELEPHONE 88
The response(s) chosen should depend upon the situation.  If an alarm is known to be false, security (88) should be called.

Phone 88
This is the telephone number for ALL emergency calls made on campus phones.  You should only dial 911 if you have to report an emergency from a pay-phone.  88 connects to Campus Security; you should state the location and nature of the problem.  .  Campus security will (a) call the required emergency service, (b) send security personnel to the scene, (c) notify the Director of Risk Management, (d) send the campus "First Response" team, and (e) provide guidance for off-campus emergency vehicles. You should remain ON THE LINE to provide further details.  In summoning medical help you should be as explicit as possible concerning the nature of the injury; before calling take particular note whether the eyes are involved and whether shock is evident.  If the injured person is clearly ambulatory and showing no signs of shock, arrange for him/her to be received at the medical center (MUMC) as soon as possible and accompany him/her there
Fire Alarm
In the event of a fire where help is needed, you should pull the fire alarm.  A loud alarm will sound.  The fire alarms automatically alert security; however, they are better informed and hence can respond more efficiently if you call 88 as well.  All personnel are legally required to leave the building when the alarm sounds.  If you push a fire alarm, you should make yourself available to give information to security and/or emergency personnel (e.g. at the front door of ABB).

Panic Alarms
The panic alarms are large red buttons near most laboratory exit doors. You should push the panic alarm if you need help for any problems other than fire.  The panic alarms activate loud buzzers at the end of the hall, and a light in the corridor flashes to show the location.  In the event of a panic alarm, you should proceed to the site with caution to see if assistance is required.  Panic alarms also notify security; however, they are better informed and hence can respond more efficiently if you call 88 as well.  If you push a panic alarm, you should make yourself available to give information to security personnel.

The first priority in the event of an accident is to get all persons, injured and uninjured, out of the dangerous environment.  The second is to provide any emergency action needed to minimize injuries (washing of eyes or skin, antidotes in certain cases).  Third is to summon medical help if needed.

First Aid
A modern-day chemical laboratory is seldom (and should never be) more than a very few minutes away from competent medical aid.  However, a number of first-aid measures should be undertaken on site if necessary.  These measures include 


1. thoroughly washing the skin with cool water to remove reactive or caustic substances


2. measures described elsewhere to deal with caustic substances in the


eyes or if ingested


3. immediate precautions to minimize effects of shock (electrical or other) 


4. artificial respiration when breathing has stopped


5. prompt staunching of any serious flow of blood by use of a pressure compress (not a tourniquet)

You should leave mechanical eye injuries to be dealt with by an eye doctor (restrain the patient if necessary from aggravating the injuries by blinking). Likewise leave to the doctor the treatment of serious burns of all kinds and (in general) the administration of antidotes in cases of poisoning.

Special Treatments and Antidotes
It is the responsibility of each lab worker and research supervisor to ensure that the necessary antidotes and treatments are available in the laboratory for especially toxic or corrosive substances, e.g., cyanide, HF, HBF4, fluorosulfuric acid. It is extremely important that all users of these substances know the first aid procedures and have the proper treatment immediately available.  See Appendix 5 for a list of common first‑aid treatments.

In Case of Shock

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 in shock has a weak pulse and low blood pressure, his/her face and extremities will be pale and cold, he/she may be nauseated and may vomit, he/she may be light‑headed, or feel faint, his/her breathing may be shallow and rapid and perhaps irregular. In the case of irregular breathing or unconsciousness, there may be a serious danger to life.  Keep the victim warm, quiet, and lying flat.  Loosen any tight clothing at neck and waist.  Give the victim nothing by mouth, but the lips may be moistened.  Especially important: 


(I) never give stimulants of any kind when shock is present or a possibility, and



(2) never give anything by mouth to an unconscious person.

After everything possible has been done to remove personnel from danger and needed care has been given to any injured persons, attention can be directed to minimizing other destructive effects of the accident. In any but the most minor of fires or other accidents, and in all cases where there is injury to personnel, emergency aid should be called by dialing McMaster 88. The Risk Management Office (ext. 24653) should also be called and should supervise the decontamination of the area in the event of the presence of toxic, flammable, or caustic chemicals in the environment. The Health Physics Office  (ext. 23365) should be called in the event of any known or suspected 

X‑ray or radiochemical exposure.

Incident Reports

All accidents, medical problems associated with work, and incidents which might have caused injury, should be reported on the McMaster University "Safety/Incident Report" form.  The forms may be obtained from the main Chemistry office and completed forms should be returned there for distribution.  The Safety Committee is attempting to develop a database of incidents with a view to ward prevention of similar occurrences.

C. FIRE PROTECTION
Fire is the principal cause of serious laboratory accidents. Nearly all organic solvents are flammable, some of them extremely so, as are many gases such as hydrogen, acetylene, ammonia, and light hydrocarbons. These gases and solvent vapors can form explosive mixtures with air.  The following pages outline the ways to prevent a fire from occurring and the procedures to deal with a fire. Please make sure you know and follow these guidelines.  Ask any member of the safety committee questions you might have.

In the case of a fire alarm, safely shut off what apparatus you can, and leave the building immediately by the stairs (do not use the elevator); be sure to close the lab or office door behind you.
C‑1 SOLVENTS AND FLAMMABILITY
The auto-ignition temperature of a liquid is the minimum temperature at which a substance will spontaneously ignite (no spark or flame is required). The flash point of a liquid is the minimum liquid temperature at which the vapor pressure is sufficient to form a flammable mixture with air, so that once initiated the flame will propagate through the vapor.

Flammable limits are the concentration limits of a gas mixture within which a flame, once initiated, will propagate itself.  The lower flammable limit for many solvents (CS2, hydrocarbons) in air is as little as one or two percent by volume.

Solvent Storage
The Ontario Occupational Health and Safety Act defines as flammable all substances with flash points of 100oF (38oC) or below. Under this Act all flammable substances must be stored in proper flammable solvent storage cupboards or in specially constructed rooms. In the Chemistry department the yellow double‑walled steel cabinets should be used for the storage of bottles of solvents. In many laboratories the ovens beneath fumehoods have been converted for additional solvent storage capacity; flammable substances which cannot be accommodated in the steel cabinets should be stored in these areas.  Solvent bottles should be stored in proper cabinets at all times except when they are being used in laboratory experiments.  Bottles of solvent on the laboratory bench must be tightly capped such that they will not leak if inverted.  Flammable substances in quantities greater than 500 mL must be transported in approved safety carriers.

In the absence of a flame, a spark or an incandescent electric heating element, the auto‑ignition temperature is ordinarily of serious concern only with a few substances.  Carbon disulfide has an auto‑ignition temperature of about 100oC and the vapors can be ignited by contact with an ordinary low‑pressure steam line; the auto‑ignition temperature for diethyl ether is 180oC, low enough so that use of an electric hot plate has caused ignition.  A McMaster chemistry graduate student was seriously injured when ether was ignited by a hot plate.  Such liquids should be heated with a water bath or a steam bath in a hood so that vapour from the boiling liquid does not accumulate. 

Solvent Flash Points
Of more frequent concern is the flash point. If the flash point of a solvent is below room temperature (25oC), the solvent is termed a Class I solvent.  Examples of Class I solvents are the commonly used organic solvents diethyl ether,  benzene,  methanol,  ethanol, acetone, petroleum ether, ethyl acetate. See Appendix 2 for a list of the flash  points and boiling points of some common solvents.  Precautions to be observed in all operations with Class I solvents include the following: 

C‑1.1.  Never handle solvents near an open flame

If large quantities are being handled, set up "NO FLAME" signs.  Deliberately scout the working area for lighted burners, pilot lights, electric motors, switches and other sparking electrical contacts, burning tobacco, etc. before beginning your operations and periodically while they are in progress.  Operations in which solvents are escaping from the reaction vessel should always be conducted in a fume hood.  Solvent vapors are generally more dense than air and may flow for considerable distances along bench tops or floors and may accumulate in depressions.

C-1.2 Recrystallization

Conduct recrystallizations on a steam bath or a hot plate (see Precautions above with regard to CS2 and diethyl ether), either in a hood or with a condenser to contain vapors from the boiling liquid. An Erlenmeyer flask (not a beaker or round bottom flask) should be used for recrystallizations.

C‑1.3
Before a liquid is heated to boiling, a boiling chip or some other device to should be added to serve as an ebullator. A superheated liquid may suddenly "bump" 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 liquid; therefore never add any solids or boiling chips to a hot liquid.

C-1.4 Sources of Heat

Reflux and distillation apparatus should be tightly assembled and firmly clamped, with all ground joints well seated.  One should be certain that somewhere (at the top of the reflux condenser or at the distillate receiver) the system is open to the air or connected to a N2 line (except in reduced-pressure distillations).  A mantle, oil bath, hot plate, or steam should be used for heating.  The use of a free flame is never desirable; a heat gun is preferable for this purpose.  Care should be exercised when using these hot air guns; they can make the apparatus hot enough to exceed the auto-ignition temperature of some solvents.  Be sure to check first.  If a microburner must be used to melt solidified distillate in some part of the system or for some other purpose, make 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 below the flame level.
C‑1.5. One should avoid having large quantities of flammable solvents in a work area.

C-1.6 Sparks

You should eliminate the possibility of sparks of all kinds in the work area. Electric sparks may come from switches. relay contacts, or thermostatic devices; the latter are found in heaters, hot plates, and refrigerators. For this reason these devices, whenever possible, should be sealed so that solvent vapors cannot get in or sparks or flame get out; refrigerators used in the laboratory should be of the "explosion‑proof' type, with switches and thermostat contacts sealed or mounted outside the box. Electric sparks from electric motors can be avoided by employing induction motors for stirrers and pumps instead of series‑wound and other brush‑containing motors. Electric sparks can also arise from the buildup of "static electricity", especially in the dry indoor conditions during the winter.  Avoid excessive wiping or swirling of flasks or bottles containing solvents before pouring; when dealing with more than about a liter of Class I solvents in metallic systems, ground the apparatus and the container.  Sparks can arise also from metal striking metal or concrete, and, since solvent vapors are denser than air, a fire could be produced from a metal object falling onto a concrete floor or even shoe nails scraping on the concrete. This fact should be remembered if there is any spillage of solvents.

C‑1.7.  One should never place beakers or unstoppered flasks containing solvents in a refrigerator.

C-1.8 No Smoking in Labs

Do not smoke, or permit others to do so, at any time in the laboratory.  Municipal laws and University regulations permit smoking only in designated areas.  The maximum fine is $2000.

C‑2 OTHER FIRE HAZARDS
C‑2.1. PERSONAL HAZARDS
Clothing and hair can catch fire from a 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 unless prompt action is taken.  Douse the person with water at the safety shower and/or roll him/her in a fire blanket immediately.  You should know where the deluge showers and fire blankets are, so that the victim will not be a cinder by the time they are found. Showers are normally located by the laboratory exit doors.  Fire blankets are located by the elevators (except on floor 1, where the blanket is in the hall opposite ABB107). If you are too far from either, use any available source of water or roll the victim on the floor to snuff out flames. A person whose clothing is afire should not run as this fans the flames.

C‑2.2. SPONTANEOUS COMBUSTION DANGERS
A number of chemical substances and mixtures are spontaneously combustible. These include white phosphorus, pyrophoric metals  (including hydrogenation catalysts such as Raney nickel or platinum whose surface is saturated with hydrogen, palladium and methanol, platinum oxide and alcohol vapors or hydrogen, finely divided alkali metals), metal alkyls such as Grignard or organolithium reagents, low molecular weight phosphines and boranes, arsines, and iron carbonyl.  White phosphorus can be transported and stored for a time under water, but after long periods acidity builds up in the water due to slow air oxidation.  Beware of storing phosphorus under water of high alkalinity; if the pH of the water is above 9, the poisonous and spontaneously flammable gas phosphine, PH3, may be evolved.

C‑2.3. ALKALI METAL FIRES
Alkali metals are spontaneously combustible in the presence of water (owing to evolution of both hydrogen and heat) and certain other substances such as chlorinated hydrocarbons. One should be sure that a bucket of sand is available in the laboratory for extinguishing fires involving alkali metals or metal hydrides.  Alkali metals should be stored under purified kerosene or mineral oil (Nujol).  Metallic sodium may be used to dry certain solvents (e.g. ether, dioxane) that contain no active hydrogen or halogen; for this purpose the metal is usually introduced in the form of wire extruded from a sodium press directly into the solvent bottle.  Scraps of sodium wire in an empty solvent bottle should be immediately destroyed under a flow of nitrogen by cautious addition of ethanol or methanol to the bottle, which is contained in a clean, dry pan or pail; other alkali metal scraps can be disposed of similarly or placed under mineral oil in a bottle provided for that purpose. CAUTION: Never put alkali metals into water, CCl4 or other chlorinated hydrocarbons!  See Appendix 3 for procedures to follow for the destruction of small quantities of alkali metals.

C‑3. EXTINGUISHING A FIRE
If a fire breaks out, retreat to safety.  You should not approach to extinguish the fire until you are sure that it is safe to do so.  The fire extinguishers are usually at (or just inside) the laboratory doors.  The instrument labs are equipped with Halon fire extinguishers which fill the room with Halon to extinguish the fire. In case of fire in these labs, an alarm will sound.  You will have 30 seconds to leave the room before discharge of the Halon.  If there is a false alarm, a reset button on the control panel near the exit door can be activated to stop the discharge.  When approaching to extinguish the fire you should (a) be very careful to leave 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, particularly phosgene which can be present when chlorinated hydrocarbons are involved.  Unless the fire is very minor and burns itself out very quickly, call the McMaster emergency number (88) and, if necessary, activate the fire alarm. For procedures to follow in case of personal injury, see Section B.

C‑3.1. FIRE EXTINGUISHER TYPES
The principal classes of fires and the appropriate extinguishers for them  are listed in Appendix 1.  The "dry‑chemical" fire extinguisher (dry NaHCO3 type) is the preferred all‑round extinguisher, and the most effective extinguisher for Class B type fires (i.e., burning flammable liquids and gases, rubber, plastics, etc).  It is also the best all‑round extinguisher for home and automobile purposes.  However, some instrument laboratories are equipped with the CO2 type extinguishers, which are reasonably effective.  In a confined area the CO2 gas released may add somewhat to the hazard of suffocation that always exists to some degree with a fire.  A small class D fire can be smothered by other inert (non‑reducible), dry materials: dry sand is recommended.

Whenever an extinguisher has been used, the usage must be reported without delay (call Steve Kirk ext. 23347) so that the extinguisher can be refilled. All extinguishers are inspected monthly to ensure their readiness for use at any time.

D. EXPLOSIONS, PRESSURE AND VACUUM
Most explosions can be avoided by common sense and adequate precautions. The most common causes of explosions are given below.  Please read the following guidelines and take extreme caution when dealing with potentially explosive situations.

D‑1. LIQUID NITROGEN
Liquid nitrogen and other cryogens are dangerous due to their very low temperature; use proper precautions when handling them.  Goggles and protective gloves should be worn.  A graduate student lost all the skin from his hand by failing to follow simple procedures.

Proper Vacuum Line Techniques

Use liquid nitrogen as a cold trap only with high vacuum lines.  Since the temperature of liquid nitrogen is a few degrees below that of liquid oxygen, the immersion of any open vessel into liquid nitrogen will result in the slow condensation of liquid oxygen from the atmosphere into that vessel. Liquid oxygen, a very pale blue liquid, is an extremely powerful oxidant.  When condensed into clean vessels liquid oxygen is relatively safe;  however, in the presence of any oxidizable substances, such as organic compounds, liquid oxygen can lead to violent explosions.  The most common situation leading to the condensation of liquid oxygen onto organic compounds arises when vacuum lines are incorrectly shut down.  When shutting down a vacuum line, the liquid nitrogen Dewars on the cold traps should be removed exposing the cold traps. - Only then do you bleed air or nitrogen gas into the system before shutting off the pump motor.  If the liquid nitrogen Dewars are NOT removed but the system is opened to the atmosphere and the pump motor turned off then liquid oxygen can condense slowly into the traps on top of the condensate already in the trap.  Depending on how easily oxidized the day's condensate is, the resultant mixture may be an extremely powerful, contact-sensitive explosive.

Be sure to double check with someone familiar with vacuum line procedures if you are not sure how to set up or shut down a vacuum line. If you don't feel comfortable using liquid nitrogen to cool the cold traps, you can substitute a dry ice/isopropanol mixture instead.

It is recommended that liquid nitrogen not be used to cool glass tubes prior to sealing unless the tube is attached to a high vacuum line; otherwise air may condense in the tube and cause an explosion when the tube is brought to room temperature. There are prescribed freeze‑pump thaw procedures to be followed when sealing glass tubes under vacuum -‑ be sure that you are familiar with them before starting. If you don't know these procedures, ask.  Do not cool carbon steel gas cylinders with liquid nitrogen ‑‑ they might explode. Do not mix liquid nitrogen with any organic solvent to give very low temperature baths, since after some time liquid oxygen may be condensed from the atmosphere.

D‑2. HIGH PRESSURE CYLINDERS
High pressure cylinders, whether or not they contain flammable or explosive gases are potentially dangerous.  Rupture or sudden discharge can turn these cylinders into lethal missiles.  Breaking the tap off a gas cylinder at 2000 psi results in a "rocket" that can penetrate two concrete walls.  Use caution when opening valves on old cylinders of dangerous materials.  If the label has deteriorated, be sure of the identity of the material before use.  In trying to open corroded or jammed valves, the valve may suddenly release and become jammed open thereby releasing the entire contents of the cylinder.  Acetylene has been known to explode under non-extreme conditions of mechanical shock or heating and may form explosive copper acetylide if copper tubing is used.

One should never move a gas cylinder with the working head (regulator) attached, even if the cylinder is simply being moved within a single laboratory.  ANY TIME a gas cylinder which is not empty is moved the working head should be removed and the safety cap replaced.

Cylinders must be securely fastened to an approved cart while being transported. They must be anchored by straps or chains at the working site before the safety cap is removed and the regulator is attached. Close the main cylinder valve when not in use.  Use the correct regulators and fittings for the particular gas in the cylinder. Use no oil or grease with valves or regulators ‑‑ especially with oxygen.  One should never admit gas from a pressurized vessel to a closed system without providing an adequate safety relief. Compressed air from the laboratory line should be used only when necessary, and not routinely for cleaning off machinery, your desk, the floor, or your clothes. The sixty psi blast can easily burst an eardrum or drive particles deep into the eyeball. Never point a compressed air blast at anyone, including yourself. One should never connect the compressed air to a closed system (or one that could accidentally become closed) that is not rated for at least twice the pressure.

D‑3. EXPLOSIVES
The term "explosion" is used loosely to denote any reaction in which a pressure buildup is sufficiently rapid and violent to shatter the reaction container.  Detonations are explosions in which the decomposition, once initiated by mechanical shock or temperature, propagates at hypersonic velocity through the medium and results in a destructive shock wave. Ordinary protective equipment such as safety shields, and safety glasses provide at best uncertain protection against detonations, even with small quantities of material, though they may be better than nothing.  Where detonation is a possibility the reaction should be carried out behind an adequate barricade or in a remote location, and warning signs should be posted throughout the area. 

 Also under the heading of explosions are non‑detonating reactions which 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 flammable gas mixture inside a vessel becomes ignited with similar results.  Safety shields and face masks and placement of the apparatus in a hood usually give adequate protection when the quantities involved are not large. However, some reactions which may be carried out safely at ordinary temperatures may result in explosion when the temperature rises and the reaction gets out of control.

D‑3.1. POTENTIAL EXPLOSIVES
Compounds having oxidizing elements ‑‑ oxygen or halogen -- attached to nitrogen or oxygen may be potential detonating explosives.  This is particularly true of compounds containing nitrogen since the great stability of the N2 molecule, a common detonation product, contributes substantially to the driving force of the reaction.

Compound types, functional groups or ions which may contribute to the explosiveness of covalent or ionic substances include the following:



amine oxides (=N+‑O-)

nitrite salts or ester (NO2 or ‑ONO)



azides (‑N3 or N3-)

nitro compounds (‑NO2)



chlorates (Cl03-)


nitroso compounds (‑NO)



diazo compounds (‑N=N‑)

ozonides (‑O3--)



diazonium salts (-N2+)

peracids (-CO3H)



fulminates (ONC-)

peroxides (‑OO‑)



haloamines (‑NHX)

perchlorates (ClO4-)



hydroperoxides (‑OOH)    

picrates



hypohalites (OX-)

picric acid (dry)




nitrate salts or esters (NO3- or ‑ONO2)

Peroxides

Ethers and conjugated oleflns may form explosive peroxides on prolonged exposure to air: many explosions have resulted from distilling ethers to dryness.  Some ethers such as diisopropyl ether readily form explosive hydroperoxides once a reagent bottle has been opened and air admitted to the bottle (see Appendix 5).  It is recommended that these ethers not be stored for prolonged periods after opening. A small portion of such a solution should be tested with moist starch‑potassium iodide paper before distillation; the slightest blue coloration indicates the presence of peroxides.  Potassium will surface oxidize forming explosive peroxides even when stored under oil.  Old samples of potassium have exploded while being cut with a knife.  Heavy metal acetylides, fulminates, and azides are highly explosive, a fact to remember if a heavy metal salt is present in a reaction where acetylene is to be used. The presence of ammonia and iodine in the same reaction mixture can lead inadvertently to the formation of nitrogen triiodide, a powerful explosive, which is so sensitive when dry that the slightest shock can set off a violent explosion.  

Compounds of the above types vary widely in their sensitivity to shock and temperature.  Picric acid, nitrogen triiodide, ether peroxides and heavy metal azides are extremely sensitive, while ammonium nitrate is a powerful explosive that can be set off only with another explosive.

Oxidizing Agents

Oxidizing agents such as hydrogen peroxide, sodium peroxide, potassium  permanganate, perchloric acid, nitric acid, chromium trioxide, nitrogen tetroxide, tetranitromethane, acetyl peroxide, acetyl nitrate, and Tollens reagent, as well as many compounds of types already mentioned, can yield explosive mixtures with oxidizable substances. Carbon tetrachloride and nitromethane may explode during a sodium fusion test. Liquid oxygen, liquid air, or gaseous fluorine in contact with organic substances may lead to spontaneous explosions.

Liquid Nitrogen Traps
Remember, traps cooled with liquid nitrogen are capable of condensing liquid oxygen inside them, which will create a hazard if organic substances are already present or are later condensed; a trap on a vacuum system should not be chilled with liquid nitrogen until the pressure has been reduced below atmospheric pressure.  Vacuum line traps should be cleaned routinely to remove organic residues then allowed to dry thoroughly before use on the vacuum line.  (See D-1 above).

Perchloric Acid
An unusual danger is presented to those doing perchloric acid digestions of samples prior to inorganic analyses for metals.  Perchloric acid fumes from this procedure can react with components in the fumehood (even stainless steel) producing perchlorate salts on the inside walls of the fumehood and ducts. Since many dry perchlorate salts are sensitive contact explosives, there are examples of violent explosions of these accumulated salts in fumehoods. The problem is alleviated by routine washing of the fumehood walls with water since all perchlorates are soluble in water. Indeed, some fumehoods now contain a washdown system built into the back of the flue. Large scale use of perchloric acid should only be carried out in such a fumehood.

D‑3.2. REACTIONS WHICH MAY GET OUT OF CONTROL
Among reactions which may require careful attention to prevent a possible explosion are nitrations, oxidations (especially with per‑acids, per‑salts, or peroxides), condensations (Friedel-Crafts, Claisen, or Reppe), reductions (Wolff‑Kishner, metal hydride), and polymerizations (such substances as butadiene, acrolein, and acrylonitrile can polymerize spontaneously and explosively in the presence of a catalyst which may be an unintended impurity; the same is true of liquid HCN and liquid acetylene). Some intrinsically slow reactions can be speeded up explosively by the presence of a solubilizer (e.g., NaOH + CHCl3 in the presence of methanol).

D‑3.3. REASONABLE PRECAUTIONS TO OBSERVE
It is not possible to avoid altogether working with potentially explosive substances.  Explosion hazard may however be reduced substantially by following sensible precautions:

D‑3.3.1. Ascertain the degree of hazard, where possible, by reference to the literature.

D‑3.3.2.Try any unknown reaction with small quantities and/or low concentration, with all reasonable precautions, then scale up.  (Be aware, however, of the essential unpredictability and irreproducibility of detonations.)

D-3.3.3 Try Small Scale Reactions Initially

Compounds which may be prone to detonation should be prepared and handled only in dilute solution; if they should then decompose, even violently, the energy of decomposition is largely absorbed by the solvent. Be sure that transfers are quantitative and washings meticulous so that explosive residues are not left in vessels or on the desk top by evaporation.

D‑3.3.4 Be Prepared to Moderate Vigorous Reactions

Have adequate means on hand for moderating the reaction (control heat, cooling water, rate of addition of reagents or quenchers); if working behind a barrier, controls should be outside. Remember that the reaction rate will double or triple with each 10oC rise in temperature.  Continuous cooling is safer than periodic cooling.  Always arrange the apparatus with enough space below it so that the heating device can be quickly lowered and a cooling bath substituted without moving the apparatus itself.

D‑3.3.5 Add Reagents

Try to avoid adding a reagent faster than it is consumed, especially in oxidation, free‑radical, and heterogeneous reactions.  Never add organic or other oxidizable materials to a strong oxidant; rather, add the oxidant slowly and with caution to the other substances.

D‑3.3.6 Be Alert for Reactions Going Out of Control

Be especially alert for indications that something is about to get out of control.  For example, a sudden rise in temperature or pressure, the appearance of fumes or discoloration, evolution of gas, unexpected boiling, or reflux high in the condenser.  Any of these may be sufficient cause to quench the reaction if this can be done in time and safely (the procedure having been well thought out ahead of time).  Otherwise it should be the signal to quickly retreat to safe cover, warning others as you go. The same may be said for a situation where a cracked flask, flame around a joint, or a loose connection or stopcock indicates immediate serious trouble.  From a safe place, with aid present, careful appraise and attempt to control the situation at a distance by disconnecting heat and/or discontinuing the addition of reagents.  With suitable protective equipment and with help present, take whatever additional steps can be done safely to reduce the explosion and fire hazards.

E. CAUSTIC SUBSTANCES
Although the term "caustic" is often reserved for strong bases, the term is applicable to strong acids and oxidants as well.  Concentrated acids (hydrofluoric, hydrochloric, sulfuric, fluorosulfuric, chlorosulfuric, nitric, chromic, phosphoric, trichloroacetic, glacial acetic, phenol) as well as concentrated bases (sodium, potassium, and ammonium hydroxides) are injurious to the human skin and especially to eyes, corrosive to laboratory apparatus and furniture, and destructive to clothing. If taken into the mouth or digestive tract caustic substances can produce widespread destruction of the mucous membranes and other tissues, which may be fatal. Fumes from some of them (particularly nitric acid and hydrochloric acid) are injurious to the respiratory tract and lung tissue if inhaled, and may result in fatal pulmonary edema.  See Appendix 5:  First Aid for Chemical Exposure, for details on dealing with chemical spills on skin and, in particular, for details on handling hydrofluoric acid and fluorosulfuric acid exposures.

Some of these substances have high heats of hydration; the thoughtless addition of water to concentrated sulfuric acid or to solid sodium hydroxide may result in violent heating with dangerous spatter.  In reaction mixtures some caustic substances, particularly the oxidizing acids, may be involved in run‑away reactions which may result in eruption or explosion with considerable spatter and the possibility of harm to eyes and skin.  

E‑1 CHROMIC ACID BATHS
Chromic acid cleaning solution ("Chromerge"), which is often used to remove residual hydrophobic films (oil, grease) from laboratory glassware, should be treated with respect. It is made up by adding sodium dichromate to concentrated sulfuric acid (carefully, with stirring, because considerable heat is evolved). Contact with the skin rapidly produces severe burns; contact with wood, paper, cloth, and other organic substances can produce a fire. Use only where necessary (e.g., with volumetric glassware); for other purposes use a phosphate‑based laboratory detergent instead.  Chromic acid cleaning solution should not be used to remove more than very small amounts of intractable organic residues in flasks, as a violent reaction may take place. During use, the solution container and glassware should be standing in a tray large enough to contain the entire amount in case of spillage or breakage.  Chromic acid cleaning baths should be placed in well ventilated areas since toxic, volatile chromium compounds may be formed.

E‑2 SOME SENSIBLE PRECAUTIONS FOR USING CAUSTIC LIQUIDS
Sensible precautions in handling caustic liquids include the following:


(1)  Wear a face shield when there is a significant spatter hazard.


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


(3)  Wear rubber gloves when handling containers of caustic liquids.


(4)  Work in a hood when any fumes (e.g., HCl, oxides of nitrogen) may be evolved


(5)  Never pipette any substance by mouth.


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


(7)  Never pour water or a reaction mixture into concentrated acid; pour the acid slowly,



or a small amount at a time, into the mixture.

(8)  Wipe up small spills and bottle rings immediately, using rubber gloves and a wet cloth.  A large spill constitutes an emergency that requires notification of the laboratory supervisor.

Spill Kits in ABB-365 and in ABB-107A

Spill Kits  for mercury, caustic liquids, acids and flammable solvents are available in the instrument room ABB‑365: a limited set of spill kits is also in ABB‑107A. Strong acids spilled on the table top or the floor should be diluted with water.  The diluted acid can then be neutralized cautiously with sodium bicarbonate (which is applied in solid form) and mopped up. Strong bases should be diluted and washed away or neutralized with solid sodium bisulfate or sodium dihydrogen phosphate.  Beware of spatter in either case.  Toxic acids such as chromic acid cleaning solution should not be neutralized in any significant quantity with bicarbonate as this may produce an airborne mist of chromic acid.  A large spill of cleaning solution may be soaked up in a heavily applied layer of dry sand, which is then shovelled into a plastic bucket and carried immediately outside the building where it can be shovelled, a little at a time, 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.

Chemical Splashes on the Skin

(9)  In case of skin contact, wash the affected part immediately in cold running water

A dilute (1%) acetic acid solution or vinegar may then be safely applied in the case of strong alkali.  Sodium bicarbonate solutions or laboratory soap should be applied in the case of strong acid. In both cases this treatment should be followed by extensive washing with water.  Obtain medical help if a chemical burn results. See Appendix 5 for more details.

Hydrofluoric Acid Burns
Although hydrofluoric acid is a relatively weak acid, it is a very strong biological poison.  Concentrated HF can be very insidious; since it produces no sensation of burning initially, it may stay trapped inside a leaky glove for hours in contact with the hand.  Later, there may be extensive blistering and intense pain without the cause being immediately apparent.  HF can penetrate very deeply in tissues resulting in very severe damage which may even require amputation.  See Appendix 5-E for more details.

Chemicals In The Eyes

(10) In case of eye contact, immediately bathe the eyes in cool running water: subject the eyes to a copious (but not forceful)  flow of water from the eyewash fountain located by the exit door; hold the eyelids thoroughly open to bathe the eyeballs and undersides of eyelids.  

Summon medical help immediately (call 88).  If alkali is involved, follow the washing with application of a 3% solution of boric acid. Time is of the essence; caustic alkali can destroy the cornea in as little as five minutes. CAUTION: Boric acid should be used externally for the eyes only.  Boric acid is very toxic if taken internally, thus never take boric acid by mouth as an antidote for a base or for any other reason.

Eye wash fountains should be flushed for several minutes each week to minimize the build-up of  microorganisms.

Ingestion or Inhalation of Chemicals


(11)  In case of ingestion of caustics or inhalation of their fumes get medical aid immediately.  Before aid arrives, a person who has ingested acid or alkali should be given a considerable amount of water to drink; sodium bicarbonate or magnesium oxide can then be safely administered in case of acid ingestion, or dilute (1%) acetic acid or vinegar or lemon juice in case of alkali. Never use BORIC ACID for internal use: it is highly toxic.

(12)  A first aid kit is available in each lab. Supplies for it can be obtained from the undergrad technical staff in ABB‑118.  Make sure the listed supplies are complete and that you know how to use them.

Keep First Aid Kit Stocked



First Aid Kit Supplies


Acetic acid, 1% aqueous solution, 500 mL


Adhesive, 1/2", 1 roll


Antiseptic, 1 bottle


Bandaids, 24


Boric acid, 3% aqueous solution


Gauze Pads, 6 


Glycerol (for phenol burns)


Sodium thiosulfate (1% aqueous solution) for bromine burns


Ointment for fluorine burns (on request)



*Phenol, 1% in glycerol (for bromine burns)



*tetramethylammonium chloride, 10% aqueous solution (for fluorine and HF 




burns)





*Only present in labs where it is needed

F. TOXIC SUBSTANCES
As long ago as the 15th century, Paracelsus recognized that all materials are toxic to some degree.  Dosage determines whether a substance is harmless, an essential food or a medicine, or whether it is a poison (with the exception of substances causing immune system sensitization).  A complex relationship exists between a substance and its biological effects; some factors to be considered are level of exposure, duration of exposure, route of entry into the body, age, sex, race, stage in the reproductive cycle and even lifestyle.  Because of these many factors involved, all chemicals should be treated with respect for their known or potential hazards.  Skin, eyes and respiratory tract should always be protected from exposure by the use of protective clothing, safety glasses and ventilation equipment.  Eating, drinking and smoking should never be allowed in an area where chemicals are handled.  Personal hygiene practices such as always washing the hands after handling chemicals are also very important. 

A substance may have a very great inherent toxicity (ability to cause biological damage if absorbed by the body) but it will not be a hazard if properly handled and therefore does not enter the body.  Possible routes of entry are absorption by the eyes or skin, through the respiratory tract and via the digestive tract.  By far the most important of these is by inhalation into the respiratory tract.  The potential for such exposure can be greatly reduced by the proper use of a fume hood.  Many substances are readily absorbed by the eyes or through intact skin (cuts, rashes or other sores may make entry even easier).  Solvents in general and even elemental mercury can be absorbed directly through intact skin.  Use of gloves can reduce this exposure but gloves made of a material resistant to the particular chemicals in use must be selected.  One should also be aware that gloves, even when new, may have holes in them.  Ingestion into the digestive tract can be avoided with a few simple precautions.  Food or drinks should never be stored in a chemical lab where they will absorb vapors and should never be eaten in the laboratory.  Always wash before eating or taking a coffee break.  Never pipette by mouth even with non‑toxic materials since the pipette may be contaminated from previous operations.

When a hazardous material does contact the body, it may have effects directly at the site of contact (eg. vesicants which cause chemical "burns").  Once a substance is absorbed by the body it will to some extent become dissolved in the blood; the substance will then be carried to every part of the body.  Often toxic materials will be stored or concentrated at various locations in the body.  This factor may increase their toxicity.  Common sites of concentration are the liver and kidneys where the body is attempting to metabolise and eliminate them; thus these organs often suffer damage.  Another important factor is that metabolites of foreign substances may be much more toxic than the parent compounds.  For example, some PAH's are of low toxicity but their oxidized metabolites are very much more toxic. 

The range of possible effects of hazardous materials is quite broad.  Simple irritant effects at the site of contact may produce reddening and pain; this is usually reversible but prolonged or more severe exposure may produce permanent scarring.  Compounds which interfere with the bodies' metabolism may be very deadly poisons in relatively small amounts.  Inert gases such as carbon dioxide or nitrogen can act as simple asphyxiants by displacing the normal oxygen content of air.  Others such as carbon monoxide act as chemical asphyxiants by combining with hemoglobin in the blood to block transfer of oxygen to the tissues.  Since carbon monoxide combines with hemoglobin 200 times more strongly than oxygen, even relatively low concentrations in the air can cause a build‑up in the blood resulting in asphyxiation.  Some individuals when exposed to a substance develop an immune system hypersensitivity such that subsequent exposure even to extremely small amounts of the substance can produce wide-ranging effects.  These effects range from simple rashes, wheezing and runny nose ("hay fever") to sudden death (see Section F-7).  Many substances can cause mutations in genetic material (mutagens).  These changes may result in the later production of cancer (carcinogens) or, if they occur in the fetus, may cause spontaneous abortion or birth defects (teratogens).  Both men and women can be affected by reproductive toxins that interfere with the normal production of sperm or egg cells resulting in lowered reproductive capacity or sterility.  Pregnant women, particularly early in the pregnancy (which might be before the pregnancy is apparent), are at greater risk.  It should be kept in mind that any substance may have more than one of these effects.  In addition to these chemical problems, persons working with human fluids, animals or tissue cultures may be exposed to biological hazards such as aids, hepatitis, cancer cells, rabies, allergy problems, etc. 

The timing of effects from exposure to hazardous substances varies greatly.  Obvious effects from short‑term exposure occurring within 24 hours (acute) are usually reversible.  Long-term exposure to sub‑acute doses may result in chronic effects, which often produce permanent damage.  These effects may result from slow concentration of a substance in the tissues until it begins to produce an obvious effect or there may be an accumulation of minor damage until obvious symptoms begin to appear.  In this latter case, irreversible damage may be done before it becomes noticeable.  As an example, acute exposure to carbon monoxide may result in unconsciousness but after removal from the exposure, complete recovery is possible.  However, long-term exposure to small amounts of carbon monoxide will result in permanent hardening of the arteries and heart disease.  For exposure to carcinogens, the resulting cancer may not appear for 10 to 40 years after exposure thus adding a special type of danger to these substances.  Another potential long-term problem is behavioural changes.  A significant correlation between solvent exposure and feelings of tiredness, sickness, nausea and headache has been demonstrated; some of these may be allergy types of problems.

The degree of effects depends on the inherent toxicity of the substance and the amount of exposure (for airborne contaminants, concentration and length of time of exposure).  For example, exposure to low amounts of an organic phosphate pesticide may result in dizziness, nausea and headache, which are reversible, but greater exposure may result in unconsciousness and death.  A further complication is synergistic effects; with combinations of substances the overall effects may be much greater than the expected additive effects.  For example, exposure to tobacco smoke and asbestos results in a cancer rate at least ten times that expected from the additive effect.  Also, in the presence of chloroform, phosgene will be produced in the burning zone of cigarettes.  Interactive factors such as these are still largely unknown.

Hazardous Chemicals Guide in Each Lab
A list of toxic properties can be found in "Hazardous Chemicals: Information and Disposal Guide"; a copy of this book has been provided to each laboratory in the Chemistry department.   Make sure that you know where it is located.
MSDS
Material Safety Data Sheets are required by law to be readily available for all potentially harmful chemicals in the laboratory.  Hard copy MSDSs of some products from BDH are available in ABB365. The CCINFO MSDS database is available on the internet at http://ccinfo.wed.ccohs.ca.  Other MSDS's are available at http://www.mac.ca/riskmanagement.

Almost all chemical substances that are dealt with in the laboratory are to some degree toxic to humans when ingested as liquids or solids or inhaled as gases or dusts.  It makes sense to take normal precautions with all substances to keep them out of mouth, nose, and eyes, and even off the skin. Some poisons can be absorbed into the body through the skin; others, known as vesicants, can attack the skin and underlying tissues causing dangerous chemical "burns" which are very painful and slow to heal.  The Ontario Ministry of Labour has regulations governing "Designated Substances"; these are discussed in Section 1‑6.  Certain substances, because of their high toxicity or their insidious action, deserve special mention.  These are discussed in the following sections.

F-1. BE AWARE OF TOXICGASES.

Carbon monoxide (CO) is a highly toxic gas that is universally recognized as dangerous because it is colourless, odourless, and tasteless; the physiological danger symptoms often come too late to give warning. Since carbon monoxide combines with the hemoglobin in the blood approximately 200 times more strongly than oxygen, even relatively low concentrations can cause suffocation.  Chronic exposure to low levels of carbon monoxide also causes irreversible damage to the heart and circulatory system.  Also in this category of toxicity are H2S, HCN, NO, PH3, AsH3, SbH3, and COCl2 (phosgene). Even though H2S can be detected by the human nose at exceedingly low concentrations, there is evidence that higher concentrations of this gas quickly deaden the sense of smell.  Therefore electronic sensors should be used if higher concentrations of H2S might occur.  H2S is toxic at lower concentrations than CO.  Other particularly hazardous gases or vapours are: acrolein, halogens (F2, Cl2, Br2, I2), hydrogen halides (HF, HCl, HBr, HI), methyl halides (CH3Cl, CH3Br), NO2, O3 (ozone), CS2, SO2, CH2N2 (diazomethane), and metal carbonyls. Most of the above gases are extremely dangerous or fatal for exposures of a few minutes at concentrations on the order of 100 ppm (parts per million). The "maximum allowable concentration" (often abbreviated MAC) is on the order of 1 ppm for most of these gases, although for phosphine and its analogues the MAC is only 0.05 ppm. Ammonia, ethylene oxide, ethyleneimine, and ketene are also toxic. All of the above substances should only be handled in a fumehood.

F‑2. SOLVENT AND REAGENT VAPOURS
The vapours of solvents, particularly benzene, chlorinated (and brominated and iodinated) hydrocarbons, and esters of mineral acids (e.g., dimethyl sulfate) are more dangerous than is commonly recognized.  Benzene is a cumulative poison affecting the blood‑forming tissues; it has been claimed to cause leukemia.  Chlorinated hydrocarbons affect the heart, the circulatory system, and the liver. Even saturated hydrocarbon vapours can have toxic effects. The vapours of nearly all organometallic compounds such as tetraethyl lead and dimethyl mercury are very toxic at very low concentrations; the vapour of osmium tetroxide is extraordinarily toxic with an MAC as low as 0.002 ppm.  Prolonged inhalation of mercury vapour may result in damage to kidneys, eyes, nervous system and other organs. The saturation vapour pressure of mercury at room temperature (1.8 x l0-3 torr or about 20 mg per cubic meter) is about 400 times the MAC of 0.05 mg/m3. 

F‑3. AIRBORNE DUSTS
Beryllium metal and its compounds (MAC: 0.002 ppm), heavy‑metal compounds, naphthylamines, and certain alkaloids present a high degree of hazard when they can be inhaled as dusts.  Beryllium has a complex toxicology; some effects of chronic exposure may be delayed as long as 15 years.  Very fine dusts should be handled very carefully in a fume hood; it may be necessary to open the sash to decrease the flow velocity in order to prevent dusts from blowing around.

F.4. VESICANTS (CHEMICAL BURNS)
Liquid bromine, bis(β‑chloroethyl)sulfide ("mustard gas"), the nitrogen mustards  (β-haloethylamine derivatives), α‑halo ketones and esters, benzylic and allylic halides, and phenol attack the skin on contact, producing chemical burns and in some cases internal poisoning as well. Many reactive alkylating agents can cause bad skin burns and result in allergic reactions if this contact is repeated at a later date.

F‑5. OTHER TOXIC SUBSTANCES
Among inorganic compounds, cyanides, mercuric salts (which even in small quantity may produce irreversible kidney damage, and possible death) other heavy metal compounds (Ba, Pb, Cu, Ag, Zn, Cd, Co, Ni, Os, and others), chromates, and beryllium salts must be mentioned. Ferricyanides, ferrocyanides, and thiocyanates are less hazardous than cyanide salts as they do not give rise to free HCN in the body.  Beryllium compounds may be absorbed in dangerous amounts through the skin.  Oxidizing salts (AgNO3, chromates) may produce skin damage.  Poisonous organic compounds include certain alkaloids and biologically produced toxins, organometallic compounds, compounds of hydrazoic acid, esters of inorganic acids such as diisopropyl fluorophosphate, tetraethyl pyrophosphate, dimethyl sulfate, and methyl iodide; several of these can penetrate unbroken skin. Aromatic amines such as aniline and nitro compounds such as nitrobenzene are particularly dangerous because they are readily absorbed through the skin, where they react in the blood to convert hemoglobin to methemoglobin; in addition they can produce severe damage to the nervous system. Less toxic but still significantly so are benzene, chlorinated hydrocarbons, methanol, and butanol. β-Naphthylamine, which can be absorbed through the skin, has been incriminated as a human carcinogen; one should also be aware that crude α‑naphthylamine may contain some of the isomer.  These are especially dangerous as dusts that may be inhaled.  Other known human carcinogens are benzo[a]pyrene and certain other aromatic fused‑ring hydrocarbons.  Dimethyl sulfate and other alkyl sulfates are very poisonous; severe inflammation of the eyes, nose and respiratory system are caused by hydrolysis of the compounds to sulfuric acid.  These agents have also been shown to produce respiratory system cancers in rodents exposed to concentrations of 0.5 ppm. Material Safety Data Sheets must be readily available in the laboratory as a source of known toxicological information.

Knowing the toxicity of all substances used in the laboratory is the responsibility of the researcher including the lab Supervisor.

Radioactive substances

Radioactive substances may involve exceptional dangers which are beyond the scope of this review. Examples of radioisotope use are isotope tracer studies, activation analysis with neutron irradiation, fission and nuclear decay studies, "hot‑atom" chemistry, and Mossbauer spectroscopy. In all cases Health Physics (ext. 23365) must be consulted before such an experiment is undertaken; the handling, storage and use of any radioisotope is subject to approval and review by the Health Physics Committee.

F‑6. HANDLING TOXIC SUBSTANCES
When dealing with toxic or potentially toxic substances, take proper and reasonable precautions:


a. ASSUME THAT ANY SUBSTANCE IS TOXIC unless you know positively to the contrary; when in doubt, consult the Material Safety Data Sheet, the Merck index or other toxicology reference works (see Section K or consult the Occupational Health and Safety Office in MUMC).


b. Do not pipette any solutions by mouth.

c. Use rubber gloves and a face mask when dealing with any substance that may attack or penetrate the skin.

Use the Fume Hood
d. All operations utilizing or giving off toxic or malodorous gases or vapours must be carried out in the fume hood.  Special procedures during weighing may also be required.


e. Never evaporate solvents other than water in the open; use a rotary evaporator or other still.


f. Highly hazardous gases (e.g., Cl2, phosgene) should be obtained in small cylinders and used only in the hood. When not in use they should be stored in a well ventilated area or returned.


g. Operations involving beryllium or thallium and their compounds or other substances with highly dangerous dusts should be performed in a "dry box" or glove bag. Wear a dust mask.

Proper Labelling
h. It is legally required that all vessels containing chemicals (hazardous or otherwise) are properly labelled.  Never place vessels containing hazardous volatile chemicals or unlabelled or unstoppered vessels containing any chemicals in a refrigerator.

Mercury Spills
i. In the event of mercury spills, regardless of how small, pick up as much of the mercury as possible (use a glass or metal capillary tube connected to a trap bottle and an aspirator). In the case of large spills, call a member of the Safety Committee for assistance or advice. Be particularly concerned about mercury in the vicinity of heated objects (steam lines, steam radiators, hot plates) where the vapour pressure will be much higher. Use a mercury spill kit as directed.  Alternatively, sprinkle any contaminated area with "flowers of sulfur", and after 48 hours sweep up as much of it as possible. Place sweepings in a container and arrange for it to be picked up for disposal as described in Section G-3.  Inaccessible mercury droplets in crevasses should be covered lightly with sulfur. Waste mercury (including that recovered from spills) should be accumulated in a stoppered bottle.  Do not leave mercury in uncovered or unstoppered vessels.

F-7 Allergies (Immune System Sensitization)
The phenomenon of allergy (immune system sensitization) is very different from ordinary toxic effects.  It is the exaggerated response of the immune system, rather than the inherent toxicity of the material, which causes the harmful effects‑‑one does not normally think of peanuts, for example, as being deadly!  Virtually any chemical can cause these effects that are becoming more common in modern society.  On initial exposure there will be no obvious effect, however the immune system remembers this contact and subsequent exposure may result in an exaggerated immune system response. The major effect is the release of large amounts of histamine within the body which results in the dilation of blood vessels and release of fluids into the tissues.  The effects of this action are very wide ranging.  Minor problems such as runny nose and watery eyes ("hay‑fever") and itching or rashes are most common but stiff muscles, sore joints, difficulties with focusing the eyes, poor concentration, poor memory and mental confusion may also occur.  Acid stomach and chest pains combined with difficult breathing (which can mimic a heart attack) may also occur. At the worst, "anaphylactic shock" may cause total collapse of the circulatory system; this can result in loss of consciousness and death within a few minutes of exposure if emergency treatment is not obtained (treatment consists of injection of adrenalin).  Persons who have allergies or suspect they are having an allergic response to something in the laboratory should be aware of the potential for very serious effects.

G. STORAGE, TRANSPORTATION AND DISPOSAL OF CHEMICALS
G‑1. STORAGE OF CHEMICALS
Small quantities of ordinary chemicals in tightly stoppered, properly labelled bottles may be kept on the laboratory bench; the same is true of solvents in amounts not exceeding about 500 mL. Larger amounts of solvents and all dangerous chemicals in any amount should be stored in ventilated storage cupboards. Acids and bases should be stored separately and strong oxidizers should be kept separate from organics.  All containers should be properly sealed and labelled. The amount of chemicals in a working area should be kept to a minimum.  Do not store chemicals in the fumehood where the vessels might get broken by accident or add fuel to a fire in the event of an explosion or fire. Gas cylinders must be stored and used in an upright position and must be restrained by a chain or clamp to prevent upset. Cylinders should be closed at the main valve and capped when not in use. Cylinders containing toxic gases should be stored in a well-ventilated place. Promptly return empty gas cylinders to the staff person receiving waste in ABB B132, especially those containing toxic gases. In addition to these safety aspects, some companies levy a monthly charge for their gas cylinders; it is worth it economically not to pay to store empty gas cylinders in your lab. Refrigerators should be used primarily to store thermally sensitive compounds.  Even explosion proof refrigerators are not recommended for volatile and toxic substances.

In general, store chemicals only in amounts for which there is foreseeable need. Carefully dispose of the contents of any unlabelled bottles you find in your own storage or working areas.  Be wary of "old chemicals" that may have deteriorated, decomposed, oxidized, hydrated, formed explosive peroxides, etc.; if you have no foreseeable use for them, dispose of them using the proper procedures.

G‑2. TRANSPORTATION OF CHEMICALS
Solvents, acids (in quantities exceeding 500 mL) and all dangerous chemicals must be carried in approved safety carriers.

Gas cylinders weighing more than a few pounds should be transported with a hand truck, with protective caps in place on the cylinder. Be very careful not to drop cylinders or permit them to strike each other violently.  If hazardous materials are to be shipped, know the labelling requirements of the Transportation of Dangerous Goods Act.

G-3. DISPOSAL OF CHEMICAL WASTES AND GLASS
The responsibility for the collection, proper labelling and disposal of chemicals and other waste rests squarely on the shoulders of each research worker. Small quantities of most chemicals can normally be disposed of without special precautions in the proper waste disposal containers unless there is a chance that they may cause a reaction in the waste container (see also Table 3).   Each laboratory contains a copy of "Hazardous Chemicals: Information and Disposal Guide". It should be consulted for the most appropriate way to dispose of large and small quantities of many common chemical substances.  There must be NO disposal of chemical or biological waste in the regular garbage.  Local regulations prevent the sink disposal of any of the following categories of material:


pathogenic tissue specimens

flammable liquids


solutions of pH <5.5 or >9.5

halogenated organics


heavy metals



materials immiscible with water

In general, only very small quantities of mineral acids or alkalis (in solution) can be flushed down the drain after dilution with copious amounts of water (pH >5.5 or <9.5).  Solids (and their solutions) should not be put down the drains.

Mercury should never be allowed to run down a drain, as it will settle in traps where it may not only obstruct liquid flow but also amalgamate with the drain‑pipe metal.  This may have serious consequences for a plumber who might later heat the pipe with a blow torch.

Cyanides must never be flushed down a drain because of the danger of contact with acids flushed down somewhere else and the consequent evolution of HCN.  The hazard is particularly great when several sink drains lead to a common trap.

Label Waste Bottles
For larger quantities of materials and those exceptions listed above, the chemicals should be collected. Each bottle containing waste MUST BE PROPERLY LABELLED at the time it is set out for use. McMaster disposal labels are available from the ABB Science Stores.  The properly filled out labels must be applied to the container before use.  Unlabelled waste will not be accepted for disposal.

Solvents must be separated into two classes: (1) flammable solvents (ether, acetone, methanol, hexane, DMF, THF, etc.) and (2) halogen‑containing solvents (methylene chloride, chloroform, carbon tetrachloride, etc.). Pump oil and old heating bath oil should be collected separately.  Additionally, solid waste (contaminated plastic syringes, disposable gloves, etc.) may be collected.  Any unusual wastes should be labelled with a description of the contents so that the waste can be sorted later according to its chemical compatibilities with other substances.  It is important that such information be provided. Labels for waste bottles may be obtained from stores.

Waste bottles must not be allowed to accumulate in the laboratory.   

On a routine basis filled waste bottles should be taken to the Waste Chemicals Room in the ABB Receiving Dock area (B132--Tuesdays 2:00-4:00 pm). Carts for transporting the waste bottles may be taken from the Receiving Area for short periods; at the same time, pick up some cardboard boxes from Stores or the Receiver and place the waste chemical bottles inside. The use of cardboard boxes will prevent the bottles from sliding off the cart.  Do NOT leave chemical waste in the loading dock area.

Glass Disposal

ALL BROKEN GLASS AND USED PIPETTES MUST BE PLACED IN THE SPECIAL CONTAINERS.

Glass waste includes glassware pipettes, emptied glass vials, used test tubes, etc. No glass refuse is to be placed in regular waste bins in the lab.  Cleaning staff still suffer injuries from pipettes thoughtlessly placed in ordinary garbage.  All waste glass must be cleaned before disposal.

Larger empty bottles may be left in the hallway outside labs for pick up by maintenance staff.  These bottles must be cleaned of all residues (let solvents evaporate in the fume hood) and the labels defaced with an X mark.

"Star Cracks"

Any round bottom flasks with "star cracks" must be discarded in the broken glass waste.

Broken Thermometers
Broken thermometers containing mercury must not be placed in broken glass waste but should be treated as chemical waste.

H. PHYSICAL HAZARDS

H-1. ELECTRICAL HAZARDS
Most people are aware of electrical hazards in general. It is worth pointing out, however, that the laboratory environment amplifies the hazards somewhat: voltages in some laboratory apparatus are frequently higher than normally encountered (although the familiar 115 volts can be lethal with a good ground and wet hands).  Metal desk tops, fume hoods and fixtures provide body grounds; water lines and spills can furnish conduction paths. Always disconnect apparatus from the electric supply before tinkering; use insulating gloves and insulated tools where appropriate. In certain electrical equipment be sure to discharge the capacitors before beginning work on the apparatus. Do not defeat the purpose of interlocks, fuses, or circuit breakers designed to protect supply lines, equipment, and people.  "One hand in the pocket" is good insurance when electric shock is a possibility, and should be adhered to rigidly when throwing open‑type switches, removing leads from terminal boards, pulling plug leads from a distribution board, operating line‑power rheostats, etc.  Always be sure your hands are dry. Ground exposed parts of all electrical apparatus where possible. Beware of single‑pole double‑throw switches which may leave part of an apparatus at an AC potential with respect to ground when the switch is off.  According to the present electrical codes, only three prong plugs where the third prong is used for grounding are legal. Be sure that power cords, insulators, and ground connections are in good condition, and that the fuses used are of the appropriate rating. Avoid temporary wiring. Be very careful with electrical apparatus that may be wet, especially heating mantles and devices with exposed conductors.  Only use apparatus or equipment which has a UL, CSA or Ontario Hydro label on it.
Caution with Variacs
A word of caution about variacs or variable voltage transformers ‑- VARIACS DONOT ISOLATE YOU FROM THE LINE VOLTAGE. Even a variac set at a low output voltage still has the full line voltage to ground. Any questions regarding the electrical safety of any apparatus or set‑up should be referred to the departmental electrical technician.  Maintenance and repairs should only be undertaken by qualified persons.  Repairs to electrical equipment are carried out only by Departmental technicians when authorized by the appropriate faculty member.  Very high voltages carry special hazards. In dry air a spark can jump approximately one centimeter for each 10,000 volts; this distance is greater in wet air or with sharp‑pointed electrodes. X‑rays may be a significant hazard when the voltage exceeds about 15,000 volts; this hazard can be present in oscilloscopes, electron microscopes, and electron diffraction apparatus as well as from high voltage rectifier tubes.

H‑2. RADIATIOn HAZARDS
Aside from radioactivity, with which we will not deal further here, injurious radiation in the laboratory comes under four principal headings: X‑ray, ultraviolet, laser, and radio‑frequency radiation.

H‑2.1. X‑RAYS
X‑rays are used by chemists primarily in crystallographic diffraction work. Such work should be performed only by persons who have been adequately trained in the procedures and precautions, or under the immediate and responsible direction of such a person. An X‑ray generator and diffraction apparatus must be shielded with 2 mm of lead so that no direct radiation escapes into the room from either of them or the junction between them, and so that scattered radiation arising from the junction, the crystal, and the beam stop are at the lowest possible levels. Every diffraction experiment should be monitored with a counter‑type survey meter and it should be ascertained that the radiation level at all points around the apparatus is no more than 10 millirem/hour, and preferably less.

The allowed occupational dosage of whole‑body X‑radiation is 300 mrem/week (but no more than 5000/year); hands or forearms are allowed several times that output. CAUTION: The intensity of the X‑ray beam as it exits the window may be 104 rem or 107mrem/min! Local exposures of more than 1000 rem (easily obtained on the fingers when working on the apparatus with a tube port open) can produce serious skin burns; much smaller exposures can probably cause eye cataracts. A whole‑body one‑time exposure of 500 rem of penetrating X‑rays is usually fatal, but difficult to imagine as coming from a diffraction X‑ray generator since the beam is somewhat confined; also, the principal component of X‑rays used in diffraction penetrates only a few millimeters into the body.

An insidious hazard with some X‑ray units is back‑conduction of a gassy rectifier circuit; this can result in radiation of twice the nominal maximum energy of the beam from the X‑ray tube, and of greater penetrating power. Adequate shielding of the transformer‑rectifier unit (3 mm of lead), good periodic maintenance, and routine monitoring of the radiation background are essential.  Walls, ceilings, and floors do not provide reliable isolation from crystallographic X‑rays. At the least, the equivalent to 13cm (about five inches) of solid concrete is needed to provide adequate protection; wooden doors and plasterboard partitions offer essentially no protection from X‑rays.

Film Badges
The laboratory and all personnel who enter it must be equipped with film badges mounted at appropriate positions to detect escaping radiation. Before the X‑ray unit is turned on answer the question: are all X‑ray ports adequately covered? Before leaving the room, be sure that no mechanical malfunction of the diffraction camera can possibly lead to radiation hazard during the run (by slippage of a shield, displacement of a collimator, etc.). A woman in the first few weeks of pregnancy should avoid exposures to X‑rays as the fetus is extraordinarily sensitive to injury that is likely to result in subsequent malformation.

H‑2.2. ULTRAVIOLET RADIATION
Ultraviolet radiation (such as is used in spectroscopic and fluorescence experiments) can provide skin burns (akin to sunburn) and, more especially eye damage (particularly cornea and lens).  Eyeglasses provide some protection; special goggles (with side protection) are better.  In any case, careful attention should be given to shielding the experiment to prevent the escape of any  direct beam or any significant amount of scattered radiation.

H‑2.3. LASER RADIATION
Laser radiation is potentially dangerous to the eyes (retina) because of the high energy content available in the laser beam and because, being coherent and parallel, the beam can be focused to provide exceedingly high local intensities.  Adequate shielding  must be provided. Eyeglasses, of course, give no protection from lasers emitting in the visible range.  Glasses which block light of the frequency being emitted by the laser should be used.  Just because glasses have a dark tint does not mean that they will block light of a given frequency.

H‑2.4. RADIO-FREQUENCY RADIATION
Radio‑frequency power such as is used in induction melting of alloys and certain microwave applications can be absorbed deeply in human tissues, "cooking" them quickly and causing deep burns.  Shield induction units as well as possible; keep your body out of a microwave beam.

Eye damage can also be produced by flash tubes, very bright sparks, and arcs.

H‑2.6. STRONG MAGNETIC FIELDS
The high‑field nmr magnets have strong, stray magnetic fields which are of potential danger to wearers of pacemakers.  These fields are also felt in rooms immediately above and below the magnet. In addition, users of these instruments should be aware that the magnetic strips on credit cards and the information stored on floppy disks can be wiped clean by these stray fields. Even "anti‑magnetic" watches and especially quartz watches are affected by such fields.

H‑3. CENTRIFUGES
A centrifuge contains a high-speed rotor which is under considerable stress owing 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 more susceptible to rupture at a given stress; moreover, the stresses can be considerably increased by vibrations arising from imbalance.  When the rotor does rupture, its fragments become dangerous high‑speed projectiles similar to bullets or shrapnel which can in some circumstances rip through the steel outer jacket, through partitions between rooms and then through human flesh. A high‑speed centrifuge should have an adequate barrier against such a possibility; for an "ultracentrifuge" this might be a reinforced concrete wall about a foot thick.  The lid of the centrifuge must be closed whenever the centrifuge is in operation.

Besides providing an adequate barrier against bursting, it is important to guard against imbalance that is the principal cause of rotor failure. Each centrifuge tube containing a sample must be balanced with another of this same gross weight (or rather, moment of inertia) diametrically opposite. Be careful that imbalance does not occur during the run owing to differential evaporation of solvent. This can easily happen when two liquids of different vapour pressure are present diametrically opposite, or when a concentrated solution is initially balanced with the same weight of pure solvent.  It is best to balance each sample with another identical to it. 

While 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 attempt to stop a centrifuge by mechanical interference; never put your hands into the centrifuge until the rotor is absolutely stationary.

I. ONTARIO OCCUPATIONAL HEALTH AND SAFETY ACT
The Ontario Ministry of Labour administers the Occupational Health and Safety Act.  This Act was designed to encourage workers and employers to work together to ensure that the workplace is safe.  The regulations were written primarily with the industrial setting in mind; in some cases interpretation of the regulations in the academic setting is less than straightforward.  This aspect is especially true for the Chemistry Department in relation to the handling, storage and disposal of chemicals.  Many laboratories in the department have stocks of small amounts of hundreds or even thousands of chemicals, unlike industrial plants that may keep large amounts of just a few chemicals.  Unfortunately, the regulations do not differentiate formally between the storage of 50 mL, 4 L or 45 gallons of a flammable solvent, for instance.

WHO IS COVERED?

The Occupational Health and Safety Act governs health and safety in the workplace through the interaction of the Ministry of Labour, the employer and employees.  With the exception of farm workers, inmates of correctional institutions and servants in private residences, the Act covers all workers who may come into contact with hazardous materials, a worker being defined as any person who receives remuneration for work.  Teachers and academic staff of universities are now covered; graduate students are covered when they are acting as Teaching Assistants.  Undergraduate students are not covered, however it is university policy that all students must obey the Occupational Health and Safety Act and its regulations.  The Act assigns responsibilities to all parties‑‑employer, supervisor and worker.

PHILOSOPHY
The philosophy of the Health and Safety Act is one of internal responsibility; that is, the employer, his appointed supervisors and his employees should take responsibility for properly applying the Act without the necessity of enforcement by the Ministry of Labour.  Effective implementation of the act requires the successful interaction of management, supervisors and workers.  Safety programs should be initiated and supported by the highest levels of management.

I-1. EMPLOYERS/WORKERS DUTIES
The employer is responsible for providing information, instruction and supervision to workers in order to protect their health and safety.  The employer must ensure that his supervisors are "competent"* and that the supervisors and workers are acquainted with hazards in the workplace involving the handling, storage, disposal and transport of materials.  The employer must take every reasonable precaution for the protection of workers.  If there are 20 or more employees, the employer must establish a Joint Occupational health and Safety Committee composed equally of management and workers.  The employer must cooperate with safety representatives or Joint Occupational Health and Safety Committees in the carrying out of their duties.


*  A "competent person" means a person who,


i.
is qualified because of his knowledge, training or experience to organize the work and its performance,


ii.
is familiar with the provisions of this Act and the regulations that apply to the work, and


iii.
has knowledge of any potential or actual danger to the health and safety in the work place. (OHSA Section 1‑2).

SUPERVISORS DUTIES
The supervisor is responsible for ensuring that employees work in a safe manner and use any specified safety equipment.  In some situations, the supervisor must supply written work instructions.  The supervisor must advise workers of any danger to their health and safety and take every precaution reasonable in the circumstances for the protection of the worker.

WORKERS DUTIES
The worker is required to comply with the Act and its regulations, to properly use any specified protective equipment, to report any hazards or equipment defects and to avoid working in a manner which may endanger himself or another worker.  The worker must comply with any prescribed medical tests.  Workers have the right to elect health and safety representatives.

I-2. INSPECTIONS/ORDERS/PENALTIES
Although the philosophy of the Act is one of internal responsibility, an inspector of the Ministry of Labour may enter and inspect the workplace at any time.  Inspectors from the Ministry of Labour make periodic inspections of the undergraduate teaching laboratories as well as the research laboratories of the Chemistry Department to evaluate whether there has been compliance with the regulations of the Occupational Health and Safety Act.  If a problem is found, an inspector may issue an order stating the nature of the problem and may order that materials be taken out of use, work be stopped or that a workplace be isolated.  Any such orders must be publicly posted at the workplace and employers and employees must comply with the order (although there is an appeal process).  Penalties upon conviction of a failure to comply with the Act or an issued order may result in a maximum penalty of $500,000 and/or 12 months in prison to the company and $25,000 and/or 12 months in prison to an individual.  In the past repeat orders were often issued for non‑compliance but a directive from the Ministry of Labour has advocated a "get tough" policy such that charges are likely to be laid.  The Department was found guilty of non‑compliance on several orders during an inspection February 1991.  Past inspections of laboratories in the Chemistry Department have drawn attention to a few recurrent infractions that are listed below.


1.  Bottles of solvent improperly stored or left unattended on lab benches.


2.  Waste improperly labelled and stored.


3.  Gas cylinders not properly supported or affixed to lab benches.

4.  Electrical wiring and water hoses on the lab floor that are not properly covered such that someone might trip on them.


5.  Blocked access to electrical panels.


6.  Fume hood sashes which are left open.


7.  Vacuum pump belt guards not properly in place.

I-3. SAFETY COMMITTEE
The Occupational Health and Safety Act requires the establishment of a Joint Occupational Health and Safety Committee (JOHSC) to be comprised of members of the Faculty, staff and graduate students.  The Departmental Health and Safety Committee is a part of the official Faculty of Science Joint Occupational Health and Safety Committee. Complaints or concerns about safety should be brought to the attention of members of this committee whose names are listed on the safety notices affixed to laboratory doors.

I-4. THE "RIGHT TO REFUSE"
Any worker has the right to refuse to do unhealthy or unsafe work.  This right may be exercised when a worker has valid reason to believe that any procedure, chemical, machine, etc. with which he is to work is likely to endanger his health or that of any other  worker.  If this right is exercised, the employer must not discipline, intimidate or threaten the worker in any way.  If possible any such occurrences should be handled within the  department without resorting to the Ministry of Labour.
I-5. ACCIDENT REPORTS
In the event of serious accidents or occupational illnesses, the Ministry of Labour must be notified.  For deaths or "critical injuries" (life threatening, unconsciousness, substantial loss of blood, fractured arms or legs, major amputations, major burns or blindness), the Ministry of Labour and health and safety representatives must be immediately notified as well as being given written notice within 48 hours.  For lesser injuries requiring medical attention or occupational illnesses, written notice must be supplied to the Ministry and to health and safety representatives within four days.  These are often called "unusual occurrence reports".

I-6 DESIGNATED SUBSTANCES
The materials listed below are called "designated substances" and are serious hazards in industrial situations.  For each designated substance, detailed regulations governing allowed exposure limits, use of respirators, air monitoring, medical surveillance and maintenance of inventories have been made law.  For each of these substances a guide book outlining these requirements has been prepared.  If these "designated substances" are present in a workplace, a written assessment of their use, storage, transport and controls must be made by the employer in consultation with the Joint Occupational Health and Safety Committee.  Based on this assessment, further control programs may have to be instituted to protect workers from exposure.  Additions to this list will likely be made in the future:



acrylonitrile 

ethylene oxide



arsenic


isocyanates



asbestos


lead



benzene


mercury



cadmium

silica



coke oven emissions
vinyl chloride

J. WORKPLACE HAZARDOUS MATERIALS INFORMATION SYSTEM
WHMIS legislation is an addition to and modification of existing occupational health and safety legislation.  For Ontario, it consists of a Federal Bill C‑70 and an Ontario Bill 79 which are complementary.  These bills came into force on October 31, 1988 with compliance to be completed by January 31, 1989.  All of the other provinces and territories have similar legislation so that this is a consistent nationwide program.

WHMIS is also sometimes called "the right to know" since it is a system for providing workers who may be exposed to hazardous physical or chemical situations with immediate information about these hazards.  There are three key elements in the WHMIS program:  LABELS which indicate potential dangers and basic precautionary information, MATERIAL SAFETY DATA SHEETS (MSDS) which provide expanded hazard and precautionary information and WORKER EDUCATION which provides training in safe work procedures.  The WHMIS program was designed to deal with the large problem of occupational illness and death.  In Canada, approximately 1000 people die each year because of their jobs and there are hundreds of thousands of injuries.  It is estimated that 25% of workers are exposed to hazardous chemicals and that the social costs of this exposure are $600 million per year.  The goal of WHMIS is to help reduce these costs by mandating the information and training to be made available to workers.  The WHMIS program deals mainly with chemical hazards:  although the legislation also covers physical hazards such as noise, vibration and radiation as well as requirements for inventories of these hazards, the regulations governing these have not yet been published (Feb. 1991).

J-1. RESPONSIBILITIES
The employer is responsible for providing training to workers about WHMIS legislation, labelling requirements and material safety data sheets; this is to be done in conjunction with the JOHSC.  The supervisor must ensure that materials in his area are properly labelled, that Material Safety Data Sheets are readily available and up‑to‑date and that workers are properly trained to handle hazardous materials safely.  Workers are required to participate effectively in training programs and to use the information they receive to protect their own health and safety and that of their co‑workers.

J-2. CONTROLLED PRODUCTS
The legislation deals mainly with what are called CONTROLLED PRODUCTS and their use, storage and disposal at places of employment.  The six classes of Controlled Products are outlined below with their corresponding HAZARD SYMBOLS.



CLASSES OF CONTROLLED PRODUCTS


CLASS A


COMPRESSED GASES


Substances that are gaseous at room temperature and are kept under pressure.



CLASS B


FLAMMABLE AND COMBUSTIBLE MATERIAL


Solids, liquids or gases that will ignite and continue to burn if exposed to a flame.



CLASS C


OXIDIZING MATERIAL


Materials that promote combustion in other substances.



CLASS D


POISONOUS AND INFECTIOUS MATERIAL


1.  Materials causing immediate and serious toxic effects.



2.  Materials causing other toxic effects (chronic, eg. cancer).



3.  Biohazardous and infectious material.



CLASS E


CORROSIVE MATERIAL


Substances that will erode steel or aluminium or destroy animal tissues.



CLASS F


DANGEROUSLY REACTIVE MATERIAL

Material that reacts with water to produce dangerous gases or will react when heated, pressurized or agitated.

There is
There is also a list of 1736 chemicals (Canada Gazette Part II, Vol. 122, No.2) called the INGREDIENTS DISCLOSURE LIST.  Any of these chemicals present in a product above the specified concentration (generally 1% or 0.1%) must be included on the MSDS. If the mixture is untested, then it will be assigned the classification of the tested ingredient.  Any ingredient with unknown toxicity must also be listed on an MSDS.

Controlled Product Exemptions
The following products which might otherwise fit these controlled products requirements are exempt from WHMIS requirements because they are governed by other laws:


‑‑ explosives as defined in the EXPLOSIVES ACT


‑‑ cosmetics, drugs or food described in the FOOD AND DRUG ACT


‑‑ radioactive materials under the ATOMIC ENERGY CONTROL ACT


‑‑ pesticides as defined in the PEST CONTROL PRODUCTS ACT


‑‑ products packaged as consumer products in quantities normally used by the consuming public.

An MSDS is not required for such products and the labels required by their controlling legislation are accepted as WHMIS labels.  The requirements for worker education still apply.  In the second phase of WHMIS some of these exemptions may be removed In addition, WHMIS labels and MSDSs are not required for:


‑‑ wood or wood products


‑‑ tobacco or tobacco products


‑‑ manufactured articles (their use depends on physical form rather than chemical content)

-‑ hazardous materials in transit (covered under the TRANSPORTATION OF DANGEROUS GOODS ACT)

‑‑ hazardous wastes (although they must be properly identified, stored and handled‑‑including employee education).

In order to determine if a material is a "controlled product", follow the outline in Figure 1 and consult the Controlled Product Regulations for detailed criteria of classification.

The SUPPLIER has the fundamental responsibility for the classification of products.  If no toxicological information is available for a product, the supplier must undertake testing to develop such information. The EMPLOYER is responsible for the classification of any product produced in the workplace or which is directly imported from a source outside of Canada.  If a WORKER finds an improperly labelled material in the workplace he must bring this to the attention of the employer.

Figure 1
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through identification and education.

J‑3. WHMIS LABELS
A WHMIS label is a source of information applied to a "controlled product" which is designed to alert employers and workers to the potential hazards of the product and the precautions to be taken with it.  The physical form of the label is left open (label, stencil, tag, etc.) but the information content is specified for the various labelling situations.  

There are a number of different labelling requirements depending on source of material, quantity and how it is to be used.  Suppliers may, if they wish, include more information than is required by WHMIS.  The different types of labels are outlined below and the information required on each type of label is listed in Table 1. 

J-3.1. TYPES OF WHMIS LABELS
SUPPLIER LABEL:  A supplier is a person who manufactures, processes, imports, packages or sells a "controlled product" (but not a laboratory supply house).  The supplier is responsible for creating or obtaining acceptable WHMIS labels for these "controlled products".  

LABORATORY SUPPLY HOUSE LABEL:  A supplier of materials for laboratory use.  The label will usually specify "intended for laboratory use only".

WORKPLACE LABELS:  Labels for materials that are decanted from larger containers for use.
LABORATORY SAMPLE LABEL:  A laboratory sample is less than ten kilograms of a non‑commercial sample of a controlled product supplied solely for use for analysis, research and development, etc. in a laboratory.  Such a label must be supplied with samples submitted to Departmental instrument facilities for analysis.  This category does not include any sample which is to be used for testing other materials, for educational or demonstration purposes or for marketing.

RESEARCH AND DEVELOPMENT SAMPLE LABEL:  Materials which are produced in research laboratories and are not to be removed from that laboratory.  Any system of identification is acceptable provided that workers in the area understand the system and know how to obtain access to further information.

OTHER MEANS OF IDENTIFICATION:  In a number of circumstances, normal WHMIS labels are not required.  1. Products not in containers (eg. a pile of road salt) should have a visible identifying placard containing the information required on a workplace label.  2.  Products in large reaction vessels, tank cars or trucks, conveyors of piping systems must have a placard, stencil, special color, etc. which in conjunction with worker education serves as a means of identification.  

J-3.2. GENERAL REQUIREMENTS
See Table 1 for an outline of information required for the various WHMIS labels.  See also Figure 2 for the layout of a Supplier Label.

LANGUAGE:  The label must be in English and French.

LAYOUT AND BORDERS:  A special WHMIS border is required for products in any size from "suppliers" and if more than 10 kg from a  "laboratory supply house".  The corners of the border must be square and hatch marks must have the parallelogram shape shown in Figure 2. Information not required by WHMIS, which is to appear on the label, must be kept outside the border.

COLOR:  The content of the label and its border (excluding the hazard symbols) may be of any color which contrasts with the container and other markings on it.  The color of hazard symbols must not conflict or create confusion with those used under the Transportation of Dangerous Goods Act.  Orange must not be used for any WHMIS hazard symbol (reserved for TDG explosives).  TDG uses green on white for non‑flammable, non‑toxic and non‑corrosive compressed gases thus this combination must not be used for WHMIS materials which are flammable, toxic or corrosive.

LEGIBILITY:  The label content must be easily readable and the hazard symbols must be large enough to provide a clear warning.

DURABILITY:  The label should be durable enough to remain attached and legible during the lifetime of the product.

APPLICATION:  The label must be attached to the material in such a way that it is visible when the material is in normal use.

REVISION OF LABELS:  Information on the label must be consistent with the MSDS information.  The label must be revised if any significant new information becomes available (revised labels do not have to be supplied to previous customers).

J-3.3. INFORMATION ITEMS
PRODUCT IDENTIFIER:  The identification of the product should be identical to that on the MSDS and should give the chemical, common, generic, trade or brand name or, if the product is exempted under the Hazardous Materials Information Review Act, a code name or number.

SUPPLIER IDENTIFIER:  The name of the supplier and the city where the principal place of business is located.

MSDS STATEMENT:  This is a reference to the fact that an MSDS is available with wording such as "See Material Safety Data Sheet".

HAZARD SYMBOLS:  These symbols represent each of the classes and sub‑classes of "controlled products".

RISK PHRASES:  See Reference 21 for a list of suggested risk phrases for the various classes of "controlled products".  If a risk phrase adds no information beyond that contained in the hazard symbol and precautionary measures, it need not be used.

PRECAUTIONARY MEASURES:  See Reference 21 for a list of suggested precautionary measures statements describing the essential precautions to be taken in the handling, use and storage of various types of "controlled products".

FIRST AID MEASURES:  A brief description of immediate medical treatment to be given in case of exposure.

SAFE HANDLING INFORMATION:  Brief precautions to be taken for safe 



handling.

HAZARD STATEMENT AND EMERGENCY TELEPHONE NUMBER:  The statement  required is: "Hazardous Laboratory Sample.  For hazard information or in an emergency call (123)‑456‑7890".  The emergency phone number must be available 24 hours per day.  Labels must be updated if the phone number is changed.

TABLE 1

INFORMATION REQUIRED ON WHMIS LABELS


  INFORMATION 
        SUPPLIER
  
  LABORATORY         WORKPLACE     LABORATORY

  REQUIRED
                      LABELS
  
  SUPPLY HOUSE        LABELS
                 SAMPLE
    





        LABELS


                 LABELS



   
  <100 mL  >100 mL
    <10 kg   >10kg


      <10 kg


 WHMIS Border

       X
           X

        X

 Product Identifier                    X               X
         X
        X


X
          X

 Supplier Identifier
       X
           X

        X



          X

 MSDS Statement1
       X
           X
         X
        X


X

 Hazard Symbols

       X
           X

        X

 Risk Phrases


           X
         X
        X

 Precautionary Measures

           X
         X
        X

 First Aid Measures

           X
         X
        X

 Safe Handling Information






X

 Chemical/Generic ID








          X

 Hazard Statement2








          X

 Emergency Phone Number2







          X


1.  For example: "See MSDS for further information".

2.  "Hazardous Laboratory Sample.  For hazard information or in an emergency, call (emergency number)."

Figure 2

J-4. MATERIAL SAFETY DATA SHEETS
The Material Safety Data Sheet is the second major element of the WHMIS program and presents more comprehensive information than the labels on health effects of exposure, hazard evaluation, protective measures and emergency procedures.

The MSDS is not intended to represent all the information needed for safe use of materials.  It is a starting point in the development of worksite instruction materials, written work procedures and worker training.

Figure 3

TYPES OF INFORMATION ON THE MATERIAL SAFETY DATA SHEET

(AS LISTED IN SCHEDULE 1 OF CPR)

CATEGORY/SECTION

INFORMATION ITEM 
1.
Product Information

-- Product identifier






-- Product use






-- Manufacturer's name, street address, city, province, postal code and






emergency telephone number

2.
Hazardous Ingredients

-- Information required by subparagraphs 13(a)(i) to (iv) or paragraph






14(a) or the Hazardous Products Act






-- CAS number






-- LD50 (species and route)






-- LC50 (species and route)

3.
Physical Data


-- Physical state (gas, liquid or solid)






-- Odour and appearance






-- Odour threshold






-- Vapour pressure






-- Vapour density






-- Evaporation rate






-- Boiling point






-- Freezing point






-- pH






-- Specific gravity






-- Coefficient of water/oil distribution

4.
Fire or Explosion Hazard

-- Conditions of flammability






-- Means of extinction






-- Flashpoint and method of determination






-- Upper flammable limit (% by volume)






-- Lower flammable limit (% by volume)






-- Auto-ignition temperature






-- Hazardous combustion products






-- Explosion data -- sensitivity to mechanical impact






-- Explosion data -- sensitivity to static discharge

5.
Reactivity Data


-- Condition under which the product is chemically unstable






-- Name of any substance or class of substance with which the product






is incompatible






-- Conditions of reactivity






-- Hazardous decomposition products

6.
Toxicological Properties

-- Route of entry, including skin contact, skin absorption, eye contact,






inhalation, and ingestion






-- Effects of acute exposure to product






-- Effects of chronic exposure to product






-- Exposure limits






-- Irritancy of product






-- Sensitisation to product






-- Carcinogenicity






-- Teratogenicity






-- Reproductive toxicity






-- Mutagenicity






-- Name of toxicologically synergistic products

7.
Preventive Measures

-- Personal protective equipment to be used






-- Specific engineering controls to be used






-- Procedures to be followed in case of leak or spill






-- Waste disposal






-- Handling procedures and equipment






-- Storage requirements






-- special shipping information

8.
First Aid Measures

-- Specific first aid measures

9.
Preparation Information

-- Name and phone number of group, department or party responsible






for preparation of the MSDS






-- Date of preparation

J-4.1 RESPONSIBILITIES
SUPPLIER:  The supplier must obtain or develop an MSDS for any "controlled product" to be offered for sale.  The information on the MSDS must be current at the time of sale (the date of MSDS preparation must be less than three years previous).  The MSDS must be supplied to the customer in either of the official languages as requested.  The supplier is not required to supply more than one data sheet to a customer for a given product.  The supplier must provide information on the identity of customers for a product and the source of toxicological information to an inspector of the Ministry of Labour.  Any further health information available to the supplier must be provided to medical personnel for the purpose of making a diagnosis or providing emergency medical treatment.

EMPLOYER:  The employer must ensure that an up‑to‑date MSDS is obtained from the supplier when the "controlled product" is first received or update the MSDS himself.  An MSDS must be updated within  90 days of receiving significant new information or at least every three years.  The employer must ensure that MSDSs are readily available to any worker who may be exposed and to health and safety representatives.  The employer must ensure that workers are instructed in the content, purpose and significance of the information contained in an MSDS.  This instruction must ensure that the workers know the procedures for safe handling, use, storage and disposal as well as emergency procedures.  The employer must provide information on "controlled products" to medical personnel for diagnosis or emergency medical treatment.  The employer must consult  with health and safety representatives at least annually with regards to instruction provided to employees about "controlled products".

J-4.2 INFORMATION CONTENT
The MSDS must have at least the following nine categories of information with headings similar to those shown in Figure 3.  For a typical MSDS form see Figure 4.  A brief description of some of these information items is given below.

J-4.2.1 PRODUCT INFORMATION
PRODUCT IDENTIFIER:  Identification of the product by generic, trade, brand, common or chemical name or, if exempted under HMIRA (Hazardous Materials Information Review Act), the code name or code number.  The name must be identical to the name on the product label.  Not required by WHMIS but sometimes included are synonyms, chemical formula and molecular weight.

PRODUCT IDENTIFIER NUMBER:  Four digit numbers for pure chemicals or groups of chemicals of United Nations or North American origin.  The CAS (Chemical Abstracts Service) number may also be given.

PRODUCT USE:  The normal use intended by the manufacturer.  Uses other than that intended may pose new risks to workers.

MANUFACTURER AND SUPPLIER IDENTIFIER:  The name of the manufacturer 

and/or supplier and location of the principal place of business.  An emergency phone number available 24 hours per day is also given.  If this number changes, the MSDS must be updated.

J-4.2.2. HAZARDOUS INGREDIENTS
"CONTROLLED PRODUCTS": materials on the Ingredients Disclosure List with concentration equal to or greater than that specified, materials which the supplier has reason to believe may be harmful or materials which have unknown toxicological properties must be listed.  Concentrations may be by weight, volume or weight/volume but determination of 1% or 0.1% cut‑off limits for substances on the Ingredients Disclosure List must be by weight.  The CAS numbers of ingredients may be given here.

The LD50 or LC50 are measures of acute lethality in test animals.  The figures are dependent on the test species and route of administration.  The LD50 is a weight of substance per unit of body weight administered orally or dermally; the LC50 is the concentration of substance in air or water administered usually over a four hour period.  The weights given are those which will cause death in 50% of the group of test animals.  These values only give a crude indication of possible acute toxicity in humans.

J-4.2.3. PHYSICAL DATA
Physical State: Solid, liquid or gas.  This helps to predict the difficulty of containment and response to changes in temperature or pressure.

ODOUR AND APPEARANCE:  The quality (sweet, acrid, etc.), its intensity and any irritating properties are noted here.  The color, texture and particle size for solids and viscosity for liquids will appear here.

ODOUR THRESHOLD:  The lowest airborne concentration that can be smelled (units must be given).  This may provide an indication of warning properties which are good if the threshold is <1/10 of exposure limit, fair if the threshold is 1/10 to 3 times  the exposure limit and poor if the threshold is greater than this.  The warning property of the odour threshold should be used with caution since it may have large individual differences and response is not proportional to concentration.  Some materials will rapidly desensitize the sense of smell (olfactory fatigue).  For example, low concentrations of hydrogen sulfide are very strong smelling but deadly concentrations may not be smelled at all.

VAPOUR PRESSURE:  The pressure exerted by a volatile solid or liquid in a closed container at 20oC (units are mmHg = torr).  This provides an indication of the possibility of hazardous concentrations of a substance being present in the air.  Some solids (eg. iodine or norcamphor) have significant vapour pressures.  

VAPOUR DENSITY:  The weight of a given volume of vapour or gas compared to the weight of an equal volume of air (this is equal to the molecular weight divided by the equivalent weight of air = 29).  If the vapour density is greater than that of air the vapour will tend to accumulate in low areas, remain in tanks, etc. presenting hazards.

EVAPORATION RATE:  The rate of evaporation with respect to that of butyl acetate or other specified substance.  This gives an indication of the potential vapour hazard.

BOILING POINT AND FREEZING POINT:  This may indicate that a low boiling liquid needs to be refrigerated or that a liquid should be kept above its freezing point to avoid rupturing the container.

pH:  This gives an indication of the corrosive qualities of a substance.

SPECIFIC GRAVITY:  The ratio of the weight of a volume of substance to the weight of an equal volume of water.  This will indicate whether a substance will sink or float in water.

COEFFICIENT OF WATER/OIL DISTRIBUTION:  The ratio of distribution of a substance between water and n‑octanol.  A value less than one indicates that a substance dissolves better in oils than water and thus may be more likely to be absorbed by the skin.  A value greater than one indicates better solubility in water and thus the substance might be more likely to be absorbed by the moist mucosal tissue of the eyes, mouth and lungs.

PERCENT VOLATILE (VOLUME) AND SOLUBILITY IN WATER:  These are not required by WHMIS but may be included.

J-4.2.4. FIRE AND EXPLOSION HAZARD
FLAMMABILITY:  Compressed gases which form flammable mixtures with air at a concentration of 13% or less or with a concentration range greater than 12%.  Liquids with a flash point less than 37.8oC (100oF) are called flammable and must be stored in proper cabinets.  Liquids with a flash point between 37.8oC and 93.3oC (200oF) are called combustible.  Flammable solids are 1) liable to cause fire through friction or 2) can be ignited readily and burn vigorously and persistently enough as to present a hazard  or 3) ignite and burn with a rate greater than 0.1 inches per second.  Flammable aerosols and reactive substances which may spontaneously ignite or may ignite in contact with water are also included here.

MEANS OF EXTINCTION:  The type of extinguishing medium to be used in case of fire will be indicated here.  Also included are any special procedures because of reactivity of the substance (eg. calcium carbide, reactive metals and metal hydrides which react  dangerously with water).

FLASHPOINT:  This is the minimum temperature (oC) at which the concentration of vapour from a liquid becomes sufficiently high to ignite in the presence of a source of ignition.  The method of determination must be given (usually "closed‑cup").  The lower the flash point, the greater the possibility of ignition.  The flash point determines whether a substance is termed "flammable" or "combustible".

FLAMMABLE LIMITS:  These are the maximum (UFL) and minimum (LFL) concentrations of a gas or vapour in air which will burn or explode in the presence of a source of ignition.  The larger this range is the greater the hazard.  LFL may determine the degree of ventilation required.

AUTO-IGNITION TEMPERATURE:  This is the minimum temperature at which a substance will spontaneously ignite.  For example, carbon disulfide has an auto‑ignition temperature of 100oC so it can be ignited by hot plates or even steam pipes.  Diethyl ether has been ignited by hot plates.

HAZARDOUS COMBUSTION PRODUCTS:  Hazardous products produced during combustion are identified.  Some examples are chemical asphyxiants such as carbon monoxide or hydrogen cyanide, irritants or corrosives such as acids and toxic monomers from plastics.

EXPLOSION DATA:  This identifies substances which may explode from a physical impact (eg. azides or acetylides), substances which may be ignited by a static discharge and substances which are sensitive to UV or intense light (eg. perchlorates in a laser beam).

J-4.2.5. REACTIVITY DATA
CHEMICAL STABILITY:  Notes substances which will vigorously polymerize or decompose under conditions of shock, vibration, pressure or temperature.

INCOMPATIBILITY:  This identifies substances which may react dangerously producing toxic or corrosive materials or excessive heat or explosion (eg. sodium and water or acids and bases).

REACTIVITY:  This notes special types of reactivity not covered above (eg. monomers which will vigorously polymerize if no inhibitor is present).

HAZARDOUS DECOMPOSITION PRODUCTS:  This lists dangerous products released on aging, heating, oxidation or burning (eg. some ethers and unsaturated hydrocarbons will produce explosive peroxides on aging‑‑this should also be mentioned in Preventive Measures).

J-4.2.6. TOXICOLOGICAL PROPERTIES
ROUTES OF ENTRY:  This gives an indication of the primary routes of entry of substances into the body or areas of localized effect.  For example, corrosives affecting the skin or eyes would be indicated as "skin contact" and "eye contact".  Substances which may be absorbed through the skin and result in overall effects would be indicated as "skin absorption" (eg. phenols, amines, pesticides and alkyl lead compounds).  If a substance may become airborne it would be designated by "inhalation".  If a substance may be introduced from the hands during eating, the indication is "ingestion".  The normal routes of entry indicate the types of controls required.

EFFECTS OF ACUTE EXPOSURE:  States adverse health effects resulting from short‑term exposure (usually less than 24 hours).

EFFECTS OF CHRONIC EXPOSURE:  These are health effects due to repeated long‑term exposure to a substance or from a single exposure that produces effects over a long time.  A substance may be continually concentrated in the body until it produces obvious effects or a substance may produce low, unnoticed levels of damage which accumulate until noticeable symptoms appear.  In this latter case, serious and permanent damage can occur before symptoms are observed.  A substance may have both acute and chronic effects.  For example, acute exposure to carbon monoxide may cause headache, nausea or death while chronic exposure may initiate or exacerbate heart and circulatory system problems.

EXPOSURE LIMITS:  These are the recommended maximum concentrations for exposure to a substance.  Most limits in Canada are taken from the recommendations of the ACGIH (American Conference of Governmental and Industrial Hygienists).  Various types of limits are in use:

1.  TLV-TWA (TWAEV):  TLV (Threshold Limit Value) is a copywrite name of the ACGIH.  TWA (Time Weighted Average) refers to repeated exposure over a normal 8 hour day/40 hour work week.  Exposure to this concentration of a substance should not have a noticeable harmful effect on most workers who are repeatedly exposed.  In Canada the term used is TWAEV (Time Weighted Average Exposure Value).

2.  TLV-STEL (STEV):  Short Term Exposure Limit (or Value in Canada).  The maximum concentration of a substance to which a worker can be exposed for a period of 15 minutes, no more than four times per day and with at least one hour between exposures.

3.  TLV-C (CEL):  This is a ceiling concentration value which must not be exceeded at any time and is applied to substances that are irritants or are very fast acting.

IRRITANCY OF PRODUCT:  The capability of the material to cause localized irritation, erythema, burning or swelling at the site of contact.

SENSITIZING CAPABILITY:  A sensitizer (allergen) causes no effect on first contact but repeated exposure (even at very low levels) may cause marked and potentially dangerous reaction of the immune system.  Once sensitized, the worker must be isolated from the sensitizing  material.  Some Isocyanates are very potent sensitizers but a very wide range of materials are capable of causing these effects.

CARCINOGENICITY:  Notes materials suspected of being human carcinogens as in Groups 1 or 2 in the "IARC Monographs on the Evaluation of the Carcinogenic Risk of Chemicals to Humans" or in Sections A1 and A2 of Appendix A of "Threshold Limit Values and Biological Exposure Indicies".

TERATOGENICITY AND EMBRYOTOXICITY:  This is the capability of a substance to harm the fetus at a concentration which does not obviously harm the mother.  During the organ differentiation stage of growth (two to eight weeks after conception) the embryo is particularly susceptible to damage.  Injuries may include fetal death, physical malformation, permanent metabolic or physical dysfunction, growth retardation or psychological/behavioural alteration.  For example thalidomide, a tranquilizing drug once prescribed for pregnant women, caused children to be born with grossly deformed or missing limbs.

REPRODUCTIVE TOXICITY:  This refers to substances that cause adverse effects on reproductive ability (including sterility).  Exposure at about 1 ppm to 1,2‑dibromo‑3‑chloropropane, a compound developed as an agricultural chemical to kill soil worms called nematodes, quickly caused permanent sterility in men who worked with it.

MUTAGENICITY:  This refers to substances capable of causing mutations in the genetic material of living cells.  Mutations in reproductive (germ) cells may cause defects in offspring.  Mutations to non‑reproductive cells may be associated with increased risk of cancer.

SYNERGISTIC MATERIALS:  These are substances which interact with the material to produce effects which are greater than the sum of the effects of the materials acting separately.  For example asbestos exposure combined with tobacco smoking produces an effect at least ten times  greater than the sum of the separate effects.

J-4.2.7. PREVENTIVE MEASURES
PERSONAL PROTECTIVE EQUIPMENT:  If gloves are specified, the proper type of glove material should also be indicated.  The proper type of respirator and cartridge should be listed.  The type of eye protection and any other clothing or footwear required should be  indicated.

ENGINEERING CONTROLS:  Information on ventilation, process equipment design or enclosure, etc. would be included here.

LEAK AND SPILL PROCEDURE:  In the event of a leak or spill, the procedures and materials required to clean up safely while protecting workers is given.

WASTE DISPOSAL:  Any specific waste disposal requirements should be listed here.  There will usually also be a warning to obey all local regulations.

HANDLING PROCEDURES AND EQUIPMENT:  Any special handling procedures would be listed here.  For example, "use under inert atmosphere" (for air sensitive materials) or "do not allow to become dry" (for picric acid).

STORAGE REQUIREMENTS:  Special storage requirements such as temperature, separation from incompatible materials or sources of ignition (eg. store picric acid under water).

SPECIAL SHIPPING INFORMATION:  Safe shipping information; warning of sensitivity to temperature, shock, etc.

J-4.2.8. FIRST AID MEASURES
These are steps to be taken for immediate treatment of an exposed person.  The type of treatment will depend on the degree of exposure and route of entry.  Some training of workers may be required.  Space limitations on the MSDS may require that more complete written procedures be developed in the workplace.

J-4.2.9. PREPARATION INFORMATION
This is the identity of the person(s) responsible for preparing the MSDS and its date of preparation (since it must be updated at least every three years).  An acceptable format for an MSDS is shown in Figure 6.  All information items in an MSDS must be completed.  If there is no information for a particular item, the data sheet must indicate this with the words "not available" or "not applicable" or their abbreviations "n.av." and "n.ap".  The abbreviation "n.a." is not acceptable.  Units of measurement must be given.  Information should be as specific as possible; for example, if the use of gloves is recommended, the type of glove material should be specfied.  If there is conflicting toxicological information, it should all be presented and it must not be suggested that there is no hazard.  The information in an MSDS may not be disclaimed in order to diminish the responsibility of the supplier to provide accurate information.

J-5 EDUCATION
The third major element of the WHMIS system is education of the worker.  Included within this of course is the educational material on the labels and MSDS; workers must be taught to understand the content as well as the significance of that content.  Besides this training, WHMIS requires that workers be trained in specific work procedures which are appropriate for their jobs.

The employer is responsible for providing the information on labels and MSDS and any further specific training required regarding the safe use, handling, storage, disposal and emergency procedures involving "controlled products".  He must ensure that the workers are sufficiently trained to be able to apply the information to effectively protect the health and safety of themselves and any others in the vicinity.  The proof of a successful program is the ability of workers to demonstrate safe procedures and the knowledge of why those procedures are required.  A Ministry of Labour inspector could ask questions of workers to test this effectiveness.  In conjunction with health and safety representatives, the instructional program must be reviewed annually or more frequently if there are changes in work procedures.

The worker is required to receive, learn and apply the instruction.  The worker must also inform the employer of any circumstances where he does not have sufficient training to ensure health and safety.
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APPENDIX 1

TYPES OF FIRES AND FIRE EXTINGUISHERS

Class

Materials burning,

Preferred

Never use

of fire

  or conditions


extinguisher

──────────


A

Wood, paper, cloth

Water, CO2

CCl4**








Dry NaHCO3‑type*


B

Flammable liquids

Dry NaHCO3‑type*,
CCl4**




and gases,


CO2



hydrocarbon solids,






rubber, plastics


C

The above, whenever

Dry NaHCO3‑type*,
Water,





electrical contacts

CO2


Soda‑acid,




must be taken into




Foam,




consideration





CCl4**


D

Alkali metals (also

Dry NaHCO3‑type*,
Water,




alkaline earths, Al)***

Dry graphite*,

Soda‑acid,








sand


Foam,








Dry NaCl*

CO2,








(for Na or K)

CCl4**


* Dry solids in cylinder pressurised with N2, a CO2 cartridge, or a propellant such as freon.  Dry solid extinguishers are the most common type stocked in the Chemistry Department and are the best type of extinguisher to use on Class A, Class B and Class C fires, hence the ABC designation on the sides of these extinguishers. Some extinguishers in the Department are the CO2 type which are also excellent extinguishers for Class A, B and C type fires. The CO2 extinguishers are recognizable by their long tapered black nozzles whereas the dry chemical extinguishers have a flexible 3/4" diameter hose.


** Not recommended in general; however CCl4 extinguishers may be used on small fires with adequate ventilation, if it is the only type of extinguisher available. CCl4 extinguishers are not stocked in the Chemistry Department.


*** For procedures to use in the destruction of these materials see Appendix 3.


APPENDIX 2

FLASH POINTS AND BOILING POINTS OF


SOME COMMON LABORATORY SOLVENTS*
SOLVENT




FLASH POINT


BOILING POINT






      ((C)


      ((C)

Acetone






‑20



56

Benzene






‑17



80

2‑Butanone (methyl ethyl ketone)



7



80

n‑Butyl alcohol





29



118

tert‑Butyl alcohol





11



82

Carbon disulfide**




‑30



46

Cyclohexane





-20



81

p‑Dioxane





12



101

Ethyl acetate





4



77

Ethyl alcohol





13



79

Ethyl ether**





‑45



35

Heptane






- 4



77

Hexane






‑30



68

Isopropyl alcohol





12



82

Methanol





11



65

Nitromethane





35



108

Pentane 






‑49



36

Petroleum ether (30‑60)




‑57



30‑60

Petroleum ether (60‑80)




‑32



60‑80

Propyl alcohol





22



97

Pyridine






8



116

Tetrahydrofuran





‑14



64

Toluene






4



110

Xylenes 






27‑32



138‑144

* All of the solvents listed here have flash points below 38oC (100oF) and are considered by the Ministry of Labour to be flammable. This is not a complete listing of flammable substances.  All flammable substances should be stored in proper solvent safety cabinets or other approved locations.

** CS2 has an auto‑ignition temperature of about 100oC. Thus CS2 vapours can be ignited by contact with a hot plate or even a hot steam line. Diethyl ether has an auto‑ignition temperature of 180oC; take special precautions if hot plates or hot air guns are in use near diethyl ether vapours.

Note: Δ (Bp - Flash pt) ranges from 50-110oC.  Assume the worst (110oC) if using this "rule of thumb" to estimate the flash pt. of a material not on the list.


APPENDIX 3


METHODS FOR DESTROYING SMALL QUANTITIES

OF SOME COMMON REACTIVE MATERIALS*
Alkali metals
Li/Na
A safe method for the disposal of small quantities of sodium metal is the careful addition of small amounts of sodium metal to a beaker containing 2‑propanol in a fume hood. Some water (up to 2%) may be added to the reaction.  CAUTION: hydrogen gas is evolved.  As reaction proceeds, the 2-propanol will increase in temperature thus increasing the reaction rate.



K
Perform the following procedure carefully in a fumehood.  Potassium is substantially more reactive than lithium or sodium.  Equip a dry 3‑necked round bottom flask with nitrogen and place the potassium in it. Add carefully 21 mL of tert‑butyl alcohol per gram of potassium at such a rate that rapid refluxing occurs.  Stirring is started as soon as enough t‑butyl alcohol has been added. The mixture is stirred and heated under reflux until all of the potassium has dissolved. The heat is turned off.  When you are positive all of the potassium has been consumed, add an equal volume of water at a rate that causes gentle refluxing.  The solution is cooled, neutralized and disposed of as non-halogenated organic waste.

Metal Hydrides 
LiAlH4  In the fume hood behind a shield, cautiously and slowly carry out the following procedure.  The stirred reaction mixture from n grams of lithium aluminum hydride (or a mixture of n grams LiAlH4 in 20n to 5On mL of dry ether) is treated by successive dropwise addition of (1) n mL of H2O, then (2) n mL of 15% sodium hydroxide solution and finally (3) 3n mL of H2O. Most of the vigorous reaction occurs during the first addition of water. CAUTION: hydrogen gas is evolved. This procedure gives a granular precipitate which is removed easily by filtration and treated as normal solid waste. Discard the filtrate as organic waste.  Note:  this method of destroying excess LiAlH4 is good for working‑up LiAlH4 reduction reactions.



NaBH4
In the fume hood, cautiously add small portions of sodium borohydride to a large volume of water such that the concentration of borohydride is less than 3%.  Under a nitrogen atmosphere, add dilute acetic acid dropwise with stirring. When neutralization is complete, dispose of as non-halogenated organic waste.

Lewis Acids
BF3-Et2O
Wear rubber gloves and eye protection. In the fume hood pour the boron trifluoride complex into a large evaporating dish.  Cautiously cover the boron trifluoride complex with excess solid soda ash or calcium carbonate. When the reaction has subsided, very slowly add the mixture to a pail of cold water. Allow to stand 24 hours.  Test the pH of the solution and neutralize if necessary.  Remove waste to the waste disposal facility.



TiCl4 
Wear rubber gloves and goggles or a face shield.  Add the titanium tetrachloride (10 mL) dropwise from a dropping funnel to a stirred 5% solution of sodium hydroxide (250 mL) cooled in an ice bath.  Filter the solid and treat as normal refuse.  Remove waste to the waste disposal facility.



SnCl4
In the fume hood, cautiously and slowly add to a large container of water. Slowly stir in soda ash until the solution is neutral to litmus and a thick, white precipitate has formed.  Let stand for 24 hours. Decant the liquid to the drain with a large volume of water.  Remove waste to the waste disposal facility.

*Detailed procedures for the disposal (and decomposition, if necessary) of a large number of compounds is contained in "Hazardous Chemicals:  Information and Disposal Guide" by M.A. Armour, L.M. Browne, G.L. Weir, University of Alberta, (3rd edition, 1987). There is a copy of this book in each research laboratory in the Chemistry department.

APPENDIX 4

PEROXIDIZABLE COMPOUNDS

Some ethers and conjugated olefins may form explosive peroxides during storage especially after opening of the container.  This can pose a danger when these solvents are distilled.  Compounds listed below are readily peroxidizable under normal storage  conditions.  


Aldehydes and amides, although easily peroxidized, are NOT known to accumulate peroxides to dangerous levels.  Peroxidation hazards fall into three categories: A) those compounds which form explosive compounds without concentration, B) those compounds forming dangerous peroxides only upon concentration, C) monomers in which peroxides may initiate explosive polymerization.  A few representative examples are listed below:


      
       A


      B


        C



Isopropyl ether  

Diethyl ether  

Methyl methacrylate



Divinyl acetylene 
Tetrahydrofuran

Styrene



Vinylidene chloride
Dioxane  

Acrylic acid



Potassium metal  
Dicyclopentadiene
Acrylonitrile



Sodium amide   

Decalin 


Butadiene






Tetralin 


Tetrafluoroethylene






Cyclohexene 

Chloroprene






Diglyme  

Vinyl compounds


All peroxidizable compounds should be stored away from heat and light.  A nitrogen atmosphere is preferred except in the case of some inhibited vinyl monomers.  Peroxidizable solvents should always be treated as though they contain peroxides.  Compounds in category A should be evaluated for peroxides at least every three months.  A small portion of the compound should be tested with moist starch‑iodide paper:  the slightest blue coloration indicates the presence of peroxides.  Compounds in category B should not be stored for more than 12 months after opening unless shown by testing to be free of peroxides.  If these materials are to be retained after a positive test, they must be treated to remove peroxides, rebottled and the label redated.  Uninhibited vinyl monomers (category C) should not be stored for more than 24 hours.  Small quantities (<10g) containing a suitable inhibitor may be stored for longer than 24 hours only with discretion.  Inhibited vinyl monomers should be stored under air rather than nitrogen.  


All peroxidizable compounds should bear a proper warning label containing the date of receipt and the date on which the container was first opened.  The inventory should be reviewed every three months and proper testing and disposal carried out.  Before distilling peroxidizable compounds, they should be checked for peroxides and at least 10% of the volume should be left undistilled.  


The following are possible methods for removing peroxides from solvents (J. Chem. Ed. 47, A175, 1970).  Method 2 has the disadvantage of wetting the solvent and may leave traces of decomposition products in the solvent.  Method 1.  A convenient method is to pass the solvent through a short column of alumina.  This may in some cases leave some peroxides unchanged on the column.  The alumina should therefore be added to a dilute acidic solution of potassium iodide or ferrous sulfate before disposal.  Method 2.  Water insoluble solvents may be shaken with a concentrated solution of ferrous salt (60g of ferrous sulfate and 6mL of conc. sulfuric acid in 110 mL of water).  Traces of aldehydes may be produced and the solvent will be left wet.  For greater purity, the solvent should be shaken with 0.5% potassium permanganate followed by 5% NaOH and water.


APPENDIX 5


FIRST AID FOR CHEMICAL EXPOSURE


A.  FIRST AID PRINCIPLES
1.  If necessary call an ambulance ‑ state type of accident, its location and the number of persons injured.  If the injured person can walk, you can probably get to MUMC Emergency faster by walking.


2.  KEEP CALM and keep onlookers away. Give the victim fresh air.  DO NOTHING ELSE unless ?????


3.  Stop the bleeding.


a.  If bleeding is copious, it must be stopped by applying a large compress to the wound with direct pressure on the wound.


b.  If bleeding is not profuse, remove all foreign matter from the wound, wash carefully with soap and water then apply antiseptic to the wound and to an additional inch surrounding it.


c.  Bandage all wounds securely but not tightly.


4.  Prevent physical shock by placing victim in reclining position with the head lower than the body (except in cases of head injuries). Control any bleeding and keep victim warm with blankets. Keep victim's airway open.  If he vomits, turn head to one side. Do not give alcoholic liquids. KEEP CALM yourself and reassure the victim.


5.  Restore breathing by artificial respiration if you have been trained in this technique.


6.  Remove the victim from the hazardous environment if chemicals have been spilled or there are dangerous fumes, vapours or gases in the air.  Wear a Scott Air Pack if required.


7.  Never give liquids to an unconscious person or to persons with abdominal or lower chest injuries.


8.  Do not move a person with possible broken bones or possible head or internal injuries unless fumes or fire necessitate it.


9.  In case of puncture wounds (e.g., from broken glass, tubing, thermometers, etc.), send the victim to hospital directly since it is difficult to remove all foreign material and to reach the bottom of such a wound with antiseptic.


10.  For swallowed poisons, give 2 to 4 glasses of water immediately. Call an ambulance or the Poison Control Information Centre 1-800-268-9017 for advice.


B.
CHEMICAL INJURIES TO SKIN

The extent of injuries caused by Chemicals is directly related to the concentration and quantity of the caustic agent, the type and duration of skin contact, the extent of skin penetration and the chemical's intrinsic mechanism of action. It is absolutely essential that you are aware of the potential dangers of the reagents you are using before beginning reactions and that you are prepared to deal with splashes on the skin and clothes.


The most obvious precautions in avoiding skin contact are the use of gloves and face shields; heavy rubber gloves and rubber aprons may be required in special cases. The thin, disposable gloves available in stores are good for aqueous solutions and are attractive to use because they don't affect your feel of experimental apparatus. Unfortunately, these gloves are readily attacked by some organic solvents and reagents, especially acetone, methylene chloride, chloroform, etc.; they provide minimal protection from these chemicals and their solutions.  Rubber gloves are also available in the stores which are substantially more robust than the disposable gloves and are much more resistant to organic solvents; however, even these gloves soften if immersed for a period of time in a solvent such as methylene chloride.  In the back of the Cole-Parmer catalog is a list of many chemicals and the type of plastics which are most resistant to them.


C.
CHEMICALS TO BE ESPECIALLY CAUTIOUS WITH

It is particularly important to know which chemical substances may cause chemical burns.  The following general list is not meant to be complete. You should make yourself familiar with the compounds listed here as a guide to other specific examples you may encounter.     


Caustic Substances That React With Skin

Concentrated Acids



Strong Bases

hydrofluoric*, fluorosulfuric*


(i)  as solids and concentrated aqueous

hydrochloric, hydrobromic, hydroiodic,

solutions: hydroxides of sodium, potassium,


sulfuric, nitric, chlorosulfonic, chromic,

lithium, ammonia, calcium, strontium, barium


phosphoric, glacial acetic, trichloroacetic

(ii) as solids (when mixed with water):








hydrides of sodium, lithium, potassium,








calcium;








amides of sodium, lithium, potassium;








oxides and peroxides of sodium, lithium,








potassium, calcium, barium 


Metals





Non‑metals

sodium, lithium




fluorine*, chlorine


potassium, calcium



bromine, iodine, phosphorus


Vesicants




Strong Oxidizing Agents

thionyl and sulfuryl chlorides


hydrogen peroxide (> 10%)


acid chlorides




permanganates, chromates


allylic and benzylic halides


dichromates, periodates


reactive alkylating agents



persulfates, peracids


(such as dimethyl sulfate, methyl iodide)


α‑haloketones, mustards,


phenols, polyhydroxylated aromatics


Strong Reducing Agents



Strong Lewis Acids

sodium borohydride



boron trihalides 


lithium aluminum hydride



stannic halides


diborane





titanium tetrahalides


diisobutylaluminum hydride


arsenic pentahalides








phosphorus trihalides and pentahalides








aluminum halides and alkyls


* See Section E.


D.
FIRST AID TREATMENT FOR CHEMICALS ON THE SKIN

While the Emergency Department of MUMC hospital is not far from the Chemistry Department, it is important that first aid measures begin immediately after the skin has been splashed or exposed to a chemical.


First, all solid chemical should be removed from the exposed area. Second, all clothing that was splashed by the chemical should be removed. Third, as soon as possible thereafter, all affected areas should be washed copiously with a gentle flow of water. For hands and arms, washing in the sink will be best. For eyes, use the eyewash fountains near the room exits. For portions of the trunk of the body use the shower near the room exit of each laboratory.


For water lavage to be successful, it must be started as soon as possible after exposure. It has been well documented that lavage begun within the first minute of exposure reduces tissue damage dramatically compared to lavage begun after three minutes.  However, much more serious damage can result if this therapy is delayed. For example, when lavage was delayed for one hour following an exposure to sodium hydroxide or for 15 minutes following an exposure to hydrochloric acid, the skin pH could not be brought to normal even by prolonged washing.


It is in your own best interest to clean up the exposed skin rapidly and thoroughly before going to the hospital emergency centre (if still necessary). If such a lavage is not undertaken, the chemical burns sustained during the time needed to walk over to MUMC (assuming you can walk) and before a medic sees you could result in serious damage.


E.
HANDLING PROCEDURES AND FIRST AID TREATMENT FOR HF, HS03F AND ANY HF PRECURSORS

Hydrofluoric acid (HF) is a hazardous, highly corrosive acid which can cause severe burns to the skin and eyes; it may be fatal if ingested. HF burns require immediate specialized first aid and medical treatment.  The first aid treatment for HF exposure must begin immediately in the lab ‑ it is imperative that all personnel using HF or HSO3F have the knowledge and treatment described below at hand. The dangers of these substances as caustic agents cannot be, and is not underestimated here. A full discussion of hydrofluoric acid burns and their treatment can be found in Reference 18.


The concentration of HF or its vapours dramatically affects the time course of the development of symptoms:


1.  Less than 20% HF: may not produce burn symptoms for up to 24 hours


2.  20%‑50% HF: may not produce burn symptoms for 1 to 8 hours.


3.  Over 50% HF (including anhydrous HF): usually causes burns with immediate pain and 
  
    
visual indications.


Hydrofluoric acid differs from other caustic acids because it readily penetrates the skin, causing the destruction of deep tissue layers and even bone. Unlike other acids which are rapidly neutralized, this process may continue for several days.


Treatments to stem the destructive effects of HF exposure are directed toward tying up the fluoride ion to reduce its destructive effects. The traditional medical treatment has been a series of subcutaneous (under the skin) injections of a calcium gluconate solution, which sequesters the fluoride ion as calcium fluoride. This painful but effective treatment will probably be unnecessary if you follow the general methods outlined below immediately after skin contact.


First Aid Treatment for HF and HSO3F Burns

1.  Wash affected area immediately with copious amounts of cold water for 1‑2 minutes.

2.  Make a slush bath of a 10% aqueous tetramethylammonium chloride solution with liquid nitrogen (or with ice) in a wide Dewar flask or a wide beaker.*


3.  Bathe the affected area with a J Cloth (or a paper towel) soaked in the cold ammonium salt slush.


4.  Continue bathing area for 20‑30 minutes, ensuring that the bath and J Cloth remain cold.

5.  Go to MUMC Emergency.  Know what first aid treatment has already been administered. In the case of bad burns, subcutaneous injections of calcium gluconate may be required.


6.  Follow up treatment: Vitamin A ointment (brand name: A&D ointment).

*In their brochures on HF treatments for skin and eye exposures, Allied Chemical Company recommends the use of polymeric quaternary amines as fluoride ion sequestering reagents. These agents should be kept in any lab or area where HF is used or handled:


(a)  HYAMINE 1622 ‑ prepare a 0.2% aqueous solution (1:500 dilution) of benzethonium chloride


(b)  ZEPHIRAN ‑ prepare a 0.13% aqueous solution (1:750 dilution) of benzalkonium chloride


For those using HF or wanting more information, a file of documents on HF burn and spill


treatments is available from the Safety Committee.


Some General Procedures for Handling HF and HSO3F
1.  Know the proper first aid treatment for burns from these substances. Know the location of the quaternary ammonium halide solutions and ensure that liquid nitrogen is available.


2.  Gloves, safety glasses or full face shield, lab coat and rubber apron should be worn.


3.  Always have ice available for disposal of any HSO3F waste.


4.  Never handle a large amount of either substance when alone in the lab.


5.  Always cool samples of HSO3F before opening.


6.  All containers, samples, etc., should be clearly labelled and stored safely in the fume hood.


7.  Be aware that HF attacks glass readily.


8.  Do not store large amounts of HF or HSO3F in round bottom flasks for long periods.


9.  Distillation of HSO3F:


    (a) Do all distillations in the fume hood with sash down.


    (b) Put a sign on fume hood window, warning others.


    (c) Clean all equipment immediately after distillation and store distilled acid properly.


10. Sealing samples of HSO3F:


    (a) Set up flame in hood


    (b) Close door to lab; post a warning sign on outside of door; lock door if necessary.


APPENDIX 6


Procedures for Safe Glassblowing Work in Departmental Laboratories
1)
It is the responsibility of the research supervisor and his assistant to provide safe working conditions when glassblowing work is performed in their laboratory.

2)
The research supervisor or a senior assistant must be present at the work site at all times when glassblowing is carried out. 

3)
The research director or senior assistant must fully disclose to the  glassblower all existing hazards at the work site.

4)
In situations where unsafe working conditions appear to exist, the final decision whether or not to  proceed with the work rests with the glassblower.

The following hazards are frequently encountered when work is performed "on site" in laboratories throughout the university.

a)  Explosion
   
Flammable gases, vapours or liquids in a glass system represent an explosion hazard when glassblowing is performed.  These substances may be present as a result of previous work carried out in the system or as a result of improper cleaning procedures.


Where any doubt whatsoever exists whether an explosion hazard is present, the system shall be disassembled.  The parts shall be washed with suitable solvents, the last solvent being one that is water soluble.  They shall then be rinsed with water and placed in the annealing oven in the glassblowing shop for annealing at 565(C.  This procedure will ensure that no flammable substances remain inside the glass. 

b)  Corrosive and Toxic Substances

Where such materials are present in a glass system, they must be removed before glassblowing work can be done.  Cleaning procedures will be the same as in "a".  Where complete cleaning is not possible the contaminated glassware shall be discarded.

c)  Mercury

This is a very common hazard to the glassblower.  Mercury vapors are toxic and can be inhaled through the air or via the glassblower's blow hose.  Removal of all mercury from glassware before repair work is essential.

d)  Radioactivity

It's sources and nature must be fully disclosed to the glassblower.  Special safety equipment, such as film badges, must be provided for the glassblower.

e)  Fire Hazards

Glassblowing can be very hazardous with regard to fire safety, when flammable materials are left at or near the work site.  Sometimes hot glass fragments can fall down and roll or jump considerable distances.  Open containers holding flammable liquids, piles of papers, clothing etc., can easily catch fire.  The glassblower's torch can quickly ignite electrical wires, paper wall charts, Dewars containing dry ice/acetone baths and plastic safety shields.  Bottles containing solvents or acids must not be kept near the work site.  Sufficient distance between the glassblower's torch and flammable materials must be provided.


APPENDIX 7


SOME RECENT ACCIDENTS

1.  An undergraduate student caused a fire by attempting to remove diethyl ether by boiling on a hot plate.  The fire was extinguished by the Teaching Assistant without injury.  The flash point of diethyl ether is sufficiently low that it can be ignited by a hot plate.  In a similar situation a graduate student in another department was seriously burned.  The ether removal should have been done with a rotatory evaporator or with a proper distillation set-up.


2.  A compound submitted for Raman spectroscopy was received without a proper WHMIS Laboratory Sample Label.  The Raman operator was assured that the compound was stable and of no danger.  When placed in the laser beam of the spectrometer, the sample (ca. 0.5g in a 5mm NMR tube) exploded violently.  The operator, who was not wearing safety glasses, was fortunate not to have his eyes damaged by the flying glass.  If the sample had been properly identified as required by the WHMIS legislation, the operator would have known that it was a perchlorate salt which was potentially explosive and would have taken proper precautions.


3.  A member of staff at MUMC received severe burns to two fingers after exposure to HF.  At the time he was wearing gloves but these leaked.  The damage was severe because of lack of rapid treatment by medical personnel who did not understand the special dangers of HF.  Emergency services at MUMC are now more aware of the proper course of action.  Gloves often contain holes; double gloves would be appropriate when working with substances such as HF.


4.  A fire occurred during the quenching of excess sodium metal after a reaction.  The solvent (THF) was ignited during the final quench with water.  The fire was extinguished without injury.


In a similar incident at the University of Western Ontario, a worker was fatally injured.  After extinguishing the fire, the fume hood was shut off (for unknown reasons).  This apparently allowed accumulation of solvent vapors which were re-ignited during the clean up.  The fume hood also contained an open 4 liter bottle of flammable solvent waste.  The resulting fire fatally injured the Post Doctoral Fellow.  A co-worker who hung outside a window to escape the flames was also seriously burned.  Had the fume hood been switched on, the second fire might not have occurred.  If there had been no solvent waste in the fume hood, the severity of the fire would have been reduced.


5.  Two graduate students were exposed to a lachrymator.  When they attempted to use the eye wash fountain, they discovered that the water became too cold to use after approximately one minute.  Had the exposure to the eyes been more serious (conc. acid or base), it would have been impossible to use the eye wash for the required 15 minutes, possibly leading to severe eye injury.


6.  A cleaner was speared by a disposable pipette while removing garbage from a lab.  No waste glass should be placed in regular garbage; use the containers provided.


7.  An explosion occurred during a vacuum line distillation.  Only minor cuts were received by the operator.  Apparently the apparatus was improperly checked for leaks resulting in condensation of liquid air which resulted in the explosion of the sealed flask during the warming process.


8.  An undergraduate student suffered severe cuts to his hand when a thermometer broke as he attempted to insert it into a rubber stopper.  The proper technique had not been demonstrated by the Teaching Assistant (see Appendix 8 for potential legal implications).  This is a very common type of accident.  Proper technique should be demonstrated by TA's or alternative solutions found.


APPENDIX 8
The following is an instructive (and frightening) legal decision regarding the responsibilities of supervisors.

LEGAL NOTES

───────────────────────────────

Where students are engaged  in potentially dangerous activities, instructors must ensure individual understanding of potential dangers. What is sufficient for one student may not be adequate for another.

Plaintiff (Respondent): Hoar

Defendants (Appellants): Board of School Trustees, District 68 (Nanaimo) and Haynes

Court: British Columbia Court of Appeal

Citation: [1984] 6 W.W.R. 143

Date: April 2, 1984

────────────────

Facts
────────────────


The Respondent student, Hoar, was a grade 12 student aged 17 years at the time of the accident. He was enrolled in a woodworking course called "Construction II" from the teacher Haynes.  


On the first day of class, the teacher advised the students of the times outside regular class that he would be available to any student who had missed any instruction due to absence. Further, the teacher stressed the importance of safety in using the kinds of machines available for the use of students in the woodworking course.


The students were given a 15‑page set of safety instructions which contained general safety rules and specific safety rules with respect to each machine. Each student was also given a textbook which 

contained descriptions and 

illustrations of the jointer 

together with safety tips 

pertaining to the use of the 

jointer.


The teacher provided the class with a series of 

demonstrations on the proper use of the various machines. 

The student,  Hoar, was absent because of illness for several of 

the demonstrations, including the demonstration on how to use the jointer.


Exams were also given to 

the students on the contents of the textbook and the safety instructions that had been given to the students. The Respondent, Hoar, passed each test, the first one by a narrower margin than the second.


At the trial of the issue, conflicting evidence was presented by the Respondent, Hoar, and a former woodworking teacher, Bradbury. Bradbury gave evidence that two or three years earlier the Respondent, Hoar, had taken a woodworking course from him during which time Hoar would have used a jointer.  Hoar indicated to the Court that he had not used a jointer when enrolled in the first woodworking course. The trial Judge accepted the teacher's evidence on this point.


At the time of the accident, Hoar had operated the jointer approximately fifteen (15) times. In addition, he had watched other students operate a jointer.


The class began in 

January, 1980. On April 30,1980, Hoar, while using the jointer in an improper fashion, injured his left hand. The tips of three fingers on that hand were severed.

Negligence

by failure

to provide

make-up

lesson


Judith Anderson

Judith Anderson (B.A.,LL.B.,LL.M., Barrister and Solicitor) is Director of Legal Services for The Alberta School Trustees' Association





───────────────────────────────────────────────────────────

LEGAL NOTES

──────────────────────────────────────────────────────────


The student commenced a negligence accident against the school board and the teacher in question.

──────────────────

Decision
──────────────────


The British Columbia Supreme Court and Court of Appeal both apportioned liability equally between the student and the teacher.

──────────────────

Reasons for decision
──────────────────


The trial Judge found negligence on the part of the teacher by first asking himself the following question: Was there a particular precaution which the teacher might reasonably have taken which he did not take? The trial Judge's answer to the question was: "The teacher could have given the student a make‑up demonstration after the student returned." All other aspects of the teacher's conduct were found to be exemplary by the trial Judge.    The trial Judge's finding of negligence by the teacher was supported by the evidence of Bradbury. Bradbury  used a different procedure in class to avoid a situation where a student failed to receive instruction on a particular machine. Bradbury's practice was described by the trial Judge as follows:


Mr. Bradbury gave evidence of     his practice. He required each student     to get his specific permission for each     use of the machine. He would "check     the student and the wood" and ask the     student how he intended to grip the        wood. If the student had not received     previous instruction this would quickly     become obvious.  Mr.Bradbury would     instruct any student to ask for                individual instruction if he had been        absent. Mr. Bradbury's answer to a        question as to who had the initiative,      between him and the student, to find      out or to inform of absences was:           "Mainly my responsibility to find out        students who had missed."  I                 construed his answer to mean that he     did not have any high expectations that     an absent student would request            make‑up instruction. 


The Court of Appeal subsequently accepted the trial Judge's finding and stated that, although the Court of Appeal may have come to a different conclusion than the trial Judge on the negligence, there was evidence upon which the trial judge could find the teacher negligent.  The standard of care 

expected of teachers was determined by the trial Judge to be the standard of care that had been described in previous judicial decisions, including the decision of the Supreme Court of Canada in Myers vs. Peel County Board of Education. It is not negligence or a breach of the duty of care on the part of the school authorities to permit a potentially dangerous pupil activity:

    (a) If it is suitable to his age and         condition (mental and physical); if      he is progressively trained and           coached to do it properly and             avoid the danger;

    (c) if the equipment is adequate          and suitably arranged: and 

    (d) if the performance, having             regard to its inherently dangerous      nature, is properly supervised.

The Court of Appeal concluded that the standard of care required of the teacher in this case was supported by the previous judicial decisions.  It was alleged on behalf of the Appellants that the negligence was not shown to be the cause of the loss sustained by the pupil. It is a rule of law that pupil must show, on a preponderance of evidence, that the loss would not have occurred but for the negligence of the teacher.  The Court of Appeal rejected the submission of the Appellant as follows:


But in the circumstances of         this case, where safe operation of          dangerous machines is one of the          principle objects  of instruction given       by teachers, I think it cannot be said       the Respondent has failed to advance      evidence linking the act of negligence      of Mr. Haynes with the loss which the      Respondent sustained. 


Both the trial Judge and the Court of Appeal determined that liability should be divided equally between the Appellant and the Respondent. The following principles on appointment of liability were followed:


Apportionment of fault is             primarily and properly a matter within      the discretion of the trial judge who        has, as has so often been pointed out,      the great advantage of seeing and         hearing the witness, of observing           demeanour, noting nuances of               expression, detecting dissimulation.        These are aids to judgement which        cannot be reflected in the written            record of acase nand are, therefore,       aid denied to an appellate court. We       find. therefore.  a consistent line of         authority, exemplified by such English      cases as The Karamea; The Umtali;       


British Fame v McGregor; Brown v.        Thompson and by  cases in this Court      such as S.S. Benmaple v. Forseth and      Sparks and Fairfax v.Thompson which  establish the principle that except in a strong and exceptional case. an appellat court will not feel free to substitute its apportionment of fault for that made by the trial judge unless there has been palpable and demonstrable error in appreciation of the legal principles to be applied or  misapprehension of the facts by the trial judge.  

──────────────────
Implications

──────────────────

Where students are engaged in potentially dangerous activities, very onerous obligations exist for the teachers. Instruction must be provided so as to ensure individual understanding of the nature of the activity and its potential dangers. It is not sufficient for adequate instruction to be given to the class as a whole. Particular propensities and difficulties associated with each individual student must be recognized and dealt with by the teacher. What is sufficient and adequate for one student may not be sufficient and adequate for another student.


The Canadian School Executive 
October 1986

Nothing is ever so bad that it can't get worse.




