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Preface to the Second Edition

The purpose of the Handbook of Laboratory Safety is to provide convenient
information for hazard recognition and control. Fires, explosions and exposures
to chemicals, biological agents and other hazards can usually be anticipated and
measures taken to prevent such occurrences or minimize the consequences.

One of the new chapters in the Second Edition outlines several methods of
organizing laboratory safety programs. The Handbook also emphasizes accident
investigation and analysis, and the responsibility to report unexpected hazards
encountered in experimental work.

Four new chapters have been added on Protective Equipment. They cover
respiratory protective equipment, ear protection, eye hazards, and protective
clothing. New chapters on Toxic Hazards include Principles and Procedures for
Evaluating Toxicity of Chemicals, Mode of Action of Toxic Substances, Hazards of
Isocyanates, and Chemical Cyanosis and Anemia Control. Chapters have been
added on Protective Lockout and Tagging of Equipment, Grounding Electronic
Equipment, Producing and Handling High Purity Water, and Laboratory Animal
Housing. Two new chapters have been added to the section on Radiation Hazards.

Readers are invited to offer suggestions for changes in future editions and to
report any errors which may be found. Comments and inquiries should be directed
to the Publisher.

Comprehensive fire and health hazard data for 1094 chemicals are listed in
tables at the end of the book. The tables include related physical properties of the
chemicals and references to more detailed information available from other sources.

A great many people deserve credit for their contributions to this book, most
notable the Advisory Board and the authors who prepared the text and the tables.
Major impetus to prepare the book and valuable insights came from personnel
and professional associates met during my experience at Michigan State University
in the Office of Safety Services and at the University of Minnesota in the School
of Public Health and the University Health Service. Understanding and support
which were essential to completing the Second Edition were given by my wife Lyn.

Minneapolis, Minnesota NORMAN V. STEERE
July 24, 1970



Advisory Board

EDITOR AND CHAIRMAN
Norman V. Steere
Safety and Fire Protection Consultant
140 Melbourne Avenue, S.E.
Minneapolis, Minnesota 55414

MEMBERS

Ernest 1. Becker, Ph.D.
Professor and Chairman
Department of Chemistry
University of Massachusetts
Boston, Massachusetts 02116

Mathew M. Braidech
Engineering Consultant
Wyckoff, N.J. 07481

Gari T. Gatwood

Environmental Health and Safety
Engineer

Harvard University

Cambridge, Massachusetts 02138

D. Jack Kilian, M.D.
Medical Director

Texas Division

Dow Chemical Company
Freeport, Texas 77541

Adrian L. Linch

Supervisor, Medical Laboratory
Chamber Works

E. I. du Pont de Nemours & Co., Inc.
Deepwater, N.J. 08023

Gerald W. Marsischky

Director

Navy Ordnance Systems Command
Field Safety School

Crane Naval Ammunition Depot

Crane, Indiana 47522

vi

Richard J. Nocilla

Senior Health Physicist

Reynolds Electrical and Engineering
Company, Inc.

Las Vegas, Nevada 89102

G. Briggs Phillips, Ph.D.
Director, B-D Research Center
Becton, Dickinson and Company
Raleigh, N.C. 27604

Ralph G. Smith, Ph.D.

Professor and Acting Chairman, Dept.
of Occupational and Environmental
Health

School of Medicine

Wayne State University

Detroit, Michigan 48207

Herbert E. Stokinger, Ph.D.

Chief, Laboratory of Toxicology and
Pathology

Bureau of Occupational Safety and
Health

U.S. Public Health Service

Cincinnati, Ohio 45202

Barbara Tucker, M.T., (ASCP)
Chief Medical Technologist
Northwestern Hospital
Minneapolis, Minnesota 55407



Contributors

Ernest 1. Becker, Ph.D.
Professor and Chairman
Department of Chemistry
University of Massachusetts
Boston, Massachusetts 02116

Mathew Braidech .
Engineering Consultant
Wyckoff, N.J. 07481

Allen Brodsky, Sc.D., C.H.P.
Associate Professor of Health
Physics
Graduate School of Public Health
University of Pittsburgh
Pittsburgh, Pennsylvania 15213

D. F. Bunch
Atomics International
Canoga Park, California 91304

Richard C. Charsha
“Freon” Products Division
Chambers Works :
E. I. du Pont de Nemours & Co., Inc.
Deepwater, N.J. 08023

Daniel R. Conlon
Instruments for Research & Industry
Cheltenham, Pennsylvania 19012

William B. Cottrell
Director, Nuclear Safety Program
Oak Ridge National Laboratory
Qak Ridge, Tennessee 37830

Charles F. Dalziel
Professor Emeritus, Flectrical
Engincering
University of California
Berkeley, California 94720

Roger L. DeRoos
Instructor and Public Health
Engineer
University of Minnesota
Minneapolis, Minnesota 55455

vii

Caldwell N. Dugan
Division of Institutional Resources
National Science Foundation:
Washington, D.C. 20550

Grace Mary Ederer
Associate Professor, Department
of Laboratory Medicine
College of Medical Sciences
University of Minnesota
Minneapolis, Minnesota 55455

Theodore E. Ehrgnkranz
Safety Engineer
Los Alamos Scientific Laboratory
Los Alamos, New Mexico 87544

Joha E. Evans, Jr., M.A., J.D.
Evans, Ivory and Evans
Pittsburgh, Pennsylvania 15219

K. Everett, B.Sc.,, A.R.I.C.
University Safety Officer
University of Leeds
Leeds LS2 9JT, England

Gari T. Gatwood
Environmental Health and Safety
Engineer
Harvard University
Cambridge, Massachusetts 021338

Leon Goldman, M.D.

Professor and Ciiairman

Department of Dermatology

College of Medicine

Director, Laser Laboratory

Children’s Hospital Research
Foundation of the University of
Cincinnati Medical Center

Cincinnati, Ohio 45229

F. A. Graf, Jr.
Research Scientist
Thiokol Chemical Corporation
Brigham City, Utah 84302

Roger Grimm
Blyth & Co., Inc.
New York, New York 10005



Everett Hanel, Jr.
U.S. Army Biological Laboratories
Fort Detrick
Fredrick, Maryland 21701

Scott A. Heider
Division of Institutional Resources

National Science Foundation
Washington, D.C. 20550

Peter Hornby
Operational Research Scientist
Institute for Operational Research
Coventry CV1 2FS, England

Harold Horowitz
Acting Director
Division of Institutional Resources
National Science Foundation
Washington, D.C. 20550

W. G. Hume, M.D.
Medical Division, Chambers Works
E. 1. du Pont de Nemours & Co., Inc.
Deepwater, New Jersey 08023

Alvin B. Kaufman
Litton Systems Division
Litton Industries
Woodland Hills, California 91364

Edwin N. Kaufman
Senior Scientist
Douglas Aircraft Co.
Woodland Hills, California 91364

Howard L. Kusnetz, P.E.
Director, Div. of Occupational Injury
and Disease Control
Bureau of Occupational Safety and
Health
U.S. Public Health Service
Cincinnati, Ohio 45202

Adrian L. Linch
Medical Division, Chambers Works
E. 1. du Pont de Nemours & Co., Inc.
Deepwater, New Jersey 08023

Herbert K. Livingston, Ph.D.
Professor
Wayne State University
Detroit, Michigan 48202

Gerald W, Marsischky
Director
Navy Ordnance Systems Command
Field Safety School
Crane Naval Ammunition Depot
Crane, Indiana 47522

Dennis G. Nelson
Product Development Supervisor
The 3M Company
St. Paul, Minnesota 55101

Richard J. Nocilla
Senior Health Physicist
Reynolds Electrical & Engineering
Company, Inc.
Las Vegas, Nevada 89102

G. Briggs Phillips, Ph.D,
Director, B-D Research Center
Becton, Dickinson and Company
Raleigh, North Carolina 27604

George G. Pinney
Manager of Quality Assurance
National Cylinder Gas Division
Chemetron Corporation
Oak Brook, 1llinois 60521

C. F. Reinhardt, M.D.
Research Manager
Environmental Sciences Group
Haskell Laboratory
E. I. du Pont de Nemours & Co.,
Inc.
Wilmington, Delaware 19398

R. James Rockwell, Jr.
Directing Physicist
Laser Laboratory
University of Cincinnati Medical
School
Cincinnati, Ohio 45221

Robert S. Runkle
Safety Engineer
Becton, Dickinson Research Center
Raleigh, N.C. 27604

Gail D. Schmidt
Chief, Radioactive Materials Branch
Div. of Medical Radiation Exposure
Bureau of Radiological Health
U.S. Public Health Service
Rockville, Marylard 20852



David T. Smith
E. 1. du Pont de Nemours & Co.,
Inc.
Chambers Works
Deepwater, New Jersey 08023

Gail P. Smith, Ph.D.
Manager, International Research
Corning Glass Works
Corning, New York 14830

Ralph G. Smith, Ph.D.
Professor
School of Public Health
University of Michigan
Ann Arbor, Michigan 48104

" Verity C. Smith

Vice President

Barnstead Still & Sterilizer Company
Roslindale, Massachusetts 02131

Eric W. Spencer
Safety Officer
Brown University
Providence, Rhode Island 02912

James G. Stearns
Safety Engineer
Los Alamos Scientific Laboratory
Los Alamos, New Mexico 87544

Herbert E. Stokinger, Ph.D.
Chief, Laboratory of Toxicology
and Pathology
Bureau of Occupational Safety and
Health
U.S. Public Health Service
Cincinnati, Ohio 45202

Paul W. Trott, Ph.D.
Division Safety Engineer
The 3M Company
St. Paul, Minnesota 55101

Barbara Tucker, M.T., (ASCP)
Chief Medical Technologist
Northwestern Hospital
Minneapolis, Minnesota 55407

Paul H. Woodruff
Manager, Chicago Office
Roy F. Weston, Environmental and
Engineering Consultants
Wilmette, Illinois 60091

R. L. Wuertz, M.D.
Medical Division, Chestnut Run
E. 1. du Pont de Nemours & Co.,
Inc.
Wilmington, Delaware 19898

Michael G. Zabetakis, Ph.D.
Washington and Jefferson College
Washington, Pennsylvania 15301

John A. Zapp, Jr., Ph.D.
Haskell Laboratory ‘
E. I. du Pont de Nemours & Co.,
Inc.
Wilmington, Delaware 19898



ACKNOWLEDGEMENTS

The Editor and Publisher acknowledge the following journals, publishers and organiza-
tions for use of major portions of material appearing in the chapters listed below.
Detailed ack nowledgements appear in or at the end of the chapters and in the Intro-
duction to the Tables of Chemical Hazard Information.

AMERICAN CONFERENCE OF GOVERNMENTAL INDUSTRIAL
HYGIENISTS
12 Threshold Limit Values, in Tables of Chemical Hazard Information
12 Documentation of Threshold Limit Values

AMERICAN INDUSTRIAL HYGIENE ASSOCIATION
12 Hygienic Guides

AMERICAN INDUSTRIAI HYGIENE ASSOCIATION JOURNAL
- 1.7 Hydrofluoric Acid Burn Treatment
6.8 Chemical Cyanosis and Anemia Control
7.1 Laser Laboratory Design and Personnel Protection from High Energy
Lasers
7.6 Determining Industrial Hygiene Requirements for Installations Using
Radioactive Materials

AMERICAN INSTITUTE OF ARCHITECTS JOURNAL.
3.3 Hoods for Science Laboratories
10.5 Laboratory Animal Housing

AMERICAN MEDICAL ASSOCIATION
1.6 First Aid Procedures
1.14  ccupational Health Programs

AMERICAN NATIONAL STANDARDS INSTITUTE
1.7 International Organizations Producing Nuclear Standards

AMERICAN SOCIETY OF HEATING, REFRIGERATING AND AIR-
CONDITIONING ENGINEERS, INC,—ASHRAE Guide and Data Book
32 Exhaust Systems
5.4 Air Conditioning for Laboratories

APPLIED MICROBIOLOGY
10.3  Design of Facilities for Microbiological Safety

ARCHIVES OF ENVIRONMENTAL HEALTH, American Medical Association
6.3 Evaluating Toxic Exposures by Biospecimen Analysis
6.8 Chemical Cyanosis and Anemia Control
7.1 Laser Laboratory Design and Personnel Protection from High Energy Lasers
8.12  Controlling Hazards from Uses of the Plasma Torch

ARCHIVES OF INDUSTRIAL HEALTH, American Medical Association
6.6  Hazards of Isocyanates
6.8 Chemical Cyanosis and Anemia Control

CAMPUS SAFETY ASSOCIATION, National Safety Council
1.11  Safety Considerations in Research Proposals
8.9 Compressed Gas Cylinders and Cylinder Regulators
8.12  Controlling Hazards from Uses of the Plasma Torch
9.1 Prevention of Contamination of Drinking Water Supplies
11.1  Laboratory Considerations for Safety

X



ELECTRONIC INDUSTRIES ASSOCIATION
8.2 Grounding Electronic Equipment

FACTORY MUTUAL ENGINEERING CORPORATION. FACTORY
MUTUAL SYSTEM
4.3 Flammable Liquids
12 Data in Tables of Chemical Hazard Information

INSTITUTE OF ELECTRICAL AND ELECTRONICS ENGINFI RS, J5(
8.3 Deleterious Effects of Electric Shock

INTERNATIONAL ATOMIC ENERGY AGENCY
7.3 Safe Handling of Radioisotopes

INTERSCIENCE PUBLISHERS, INC., Division of John Wiley & Sons, b,
5.3 Control of Peroxides in Ethers

JOURNAL OF THE AMERICAN MEDICAL ASSOCIATION
1.5 Cardiopulmonary Resuscitation

JOURNAL OF THE AMERICAN SOCIETY OF SAFETY ENGINELRS
8.11 Cryogenic Safety

- JOURNAL OF CHEMICAL EDUCATION
1.3 Fire, Emergency and Rescue Procedures
1.8 Containers and Labeling
24 Eye Protection
3.1 Ventilation of Laboratory Operations
4.1 Fire-Protected Storage for Records and Chemicals
5.1 The Safe Operation of Laboratory Distillation's Overnight
5.2 Running Laboratory Reactions Under Safe Control
6.3 Evaluating Toxic Exposures by Biospecimen Analysis
6.7 Mercury Vapor Hazards and Control Measures
10.2  Prevention of Laboratory-Acquired Infections
LOS ALAMOS SCIENTIFIC LABORATORY, HEALTH AND SAFETY
ORGANIZATION
8.4 Electrical Equipment, Wiring and Safety Procedures
8.5 Explosion-Proof Electrical Equipment

MANUFACTURING CHEMISTS’ ASSOCIATION, INC.
1.10  Disposal of Hazardous Waste
12 Chemical Safety Data Sheets

NATIONAL ACADEMY OF SCIENCES—NATIONAL RESEARCH COUNCIL
6.1 Principles and Procedures for Evaluating the Toxicity of Chenicals

NATIONAL FIRE PROTECTION ASSOCIATION
12 Data in Tables of Chemical Hazard Information

NATIONAL SAFETY COUNCIL, Chemical Section Safety Newsletter
2.5 Shields and Barricades for Chemical Laboratory Operations

NATIONAL SAFETY NEWS, National Safety Council
2.1 Respiratory. Protection
2.2 Ear Protection
23 Eye Hazards

PUBLIC HEALTH REPORTS
10.4 Infectious Hazards of Common Microbiological Techniques

Xi



RESEARCH/DEVELOPMENT MAGAZINE, Thompson Publications, Inc,
3.5 Recirculation of Laboratory Atmospheres

RIMBACH PUBLICATIONS
8.10  Cold Traps

UNION CARBIDE CORPORATION
12 Data in Tables of Chemical Hazard Information

U.S. ATOMIC ENERGY COMMISSION
7.4 Dose to Various Body Organs from Inhalation or Ingestion of Soluble
Radionuclides

U.S. DEPARTMENT OF INTERIOR, BUREAU OF MINES
4.4 Flammability Characteristics of Combustible Gases and Vapors

U.S. PUBLIC HEALTH SERVICE
6.4 Means of Contact and Entry of Toxic Agents
6.5 Mode of Action of Toxic Substances

xii



Table of Contents

E

1 Responsibitity for Laboratory Safety

2 Organization for Safety in Laboratories .
3 Fire, Emergency, and Rescue Procedures
.4 Laboratory First Aid . .

5 Cardiopulmonary Resuscitation

6  First Aid Procedures . . .

7  Hydrofluoric Acid Burn Tre4tment

8  Containers and Labeling.

.9  Chemical Waste Disposal

.10 -Disposal of Hazardous Waste

.11 Safety in Research Proposals : .
.12 Legal Liability for Laboratory Accrdents
.13 Working Alone. .

.14 Occupational Health Programs

PROTECTIVE EQUIPMENT

2.1 Respiratory Protective Equipment

2.2  Ear Protection

2.3 Eye Hazards

2.4 Eye Protection . .
2.5 Shields and Barncades for (“hemlcal Laboratory Operatlons .
2.6  Personnel Protection from Ultraviolet Radiation .

2.7 Safety Showers

2.8 Protective Clothing .

VENTILATION

3.1  Ventilation of Laboratory Operations

3.2  Exhaust Systems .

3.3 Hoods for Science Laboratones

3.4  Air Conditioning for Laboratories .
3.5 Recirculation of Laboratory Atmospheres .

FIRE HAZARDS
4.1 Fire-Protected Storage for Records and Chemicals

4.2  Flame Extinction and Combustion Suppression
4.3  Flammable Liquids .

4.4  Flammability Characteristics of Combustlble Gases and Vapors

CHEMICAL REACTIONS

5.1 The Safe Operation of Laboratory Distillations Overnight .
5.2 Running Laboratory Reactions under Safe Control .

5.3  Control of Peroxides in Ethers . .

5.4  Techniques for Handling High Energy OdelZCI‘S .

5.5 Handling Perchloric Acid and Perchlorates.

xiij

11
15
23
25
36
45
48
51
54
58
64
67
69

75
79
88
93
113
119
121
124

141
150
154
166
175

179
187
192

. 200

.. 227
. 235
. 250
. 255
. 265



6 TOXIC HAZARDS

10

11

6.1
6.2
6.3
6.4
6.5
6.6
6.7
6.8

7.1
7.2
7.3
7.4

7.5
7.6

7.7

Principles and Procedures for Evaluating Toxicity of Chemxcals.
Guide to Environmental Exposure Limits .
Evaluating Toxic Exposures by Biospecimen Analysxs

Means of Contact and Entry of Toxic Agents

Mode of Action of Toxic Substances

Hazards of Isocyanates

Mercury Vapor Hazards and Control Measures

Chemical Cyanosis and Anemia Control

. RADIATION HAZARDS

Laser Laboratory Design and Personnel Protection from High Energy
Lasers.

Basic Units of Radlatlon Measurement
Safe Handling of Radioisotopes

Dose to Various Body Organs from lnhalatlon or lngestlon of Soluble
Radionuclides . .
Limits for Radioactive Surface Contamlnauon . .
Determining Industrial Hvgiene Requirements for Installauons Usmg
Radioactive Materials .
International Organizations Producmg Nuclear Standards .

ELECTRICAL AND MECHANICAL HAZARDS

8.1
8.2
8.3
8.4
8.5
8.6
8.7
8.8
8.9
8.10
8.11
8.12

Protective Lockout and Tagging of Equipment
Grounding Electronic Equipment

Deleterious Effects of Electric Shock

Electrical Equipment, Wiring and Safety Procedures
Explosion-Proof Electrical Equipment

Glass .

Acid Cleaning of Glassware . .

Instrument and Equipment Hazards .
Compressed Gas Cylinders and Cylmder Regulators
Cold Traps
Cryogenic Safety

Controlling Hazards from Uses of the Plasma Torch

WATER SUPPLY

9.1
9.2

Prevention of Contamination of Drinking Water Supplies .
Producing and Handling High Purity Water .

BIOLOGICAL HAZARDS

10.1

.10.2

10.3
10.4
10.5

Animal Care and Handling

Prevention of Laboratory-Acquired Infecnons

Design of Facilities for Microbiological Safety . .
Infectious Hazards of Common Microbiological Techmques .
Laboratory Animal Housing )

LABORATORY DESIGN AND EQUIPMENT

11.1

Laboratory Design Considerations for Safety.

Xiv

. 279
. 302
. 304
. 3i4
. 317
. 327
. 334
. 342

. 381
. 391

427

. 452

477

. 482
. 503

. 51
. 516
. 521
. 528
. 540
. 544
. 557
. 560
. 565
. 570
. 574
. 579

. 587
. 595

. 607
. 610
. 618
. 633
. 637

. 655



12 TABLES OF CHEMICAL HAZARD INFORMATION

Introduction and Explanation of Tables . . . . . . . . . . . . . 668
Hygienic Guide Series:
Benzene . . . . . . .. Y 1.1
Carbon Tetrachloride . . . . . . . . . . . . . . . . . . . .69
Hydrogen Sulfide . . . . . . . . . . . . . . ... ... .69
Chemical Safety Data Sheets:
AceticAcid . . . . . . . . . . . . . .. .. ... ... .69
CausticSoda . . . . . . . . . . . . . ... ... . ...69
NitricAcid . . . . . . . . . . . . ... .. ... . ...71704
Phenol . . . . . . . . . ... .. 709
Documentation of Threshold Limit Values. . . . . . . . . . . . 714
Tables of Hazard Information . . . . . , . . . . . . . . . .. 172
Condensed Explanation of Tables. . . . . . . . . . Inside back cover
INDEX . . . . . . . . . ...

XV



N

1.1
1.2
1.3
1.4

1.5

1.6

1.7

1.8

1.9

1.10

1.11

1.12

1.13

1.14

Section 1

General

Responsibility for Laboratory Safety
pages 3-10

Organization for Safety in Laboratories
pages 11-14

Fire, Emergency, and Rescue Procedures
pages 15-22

Laboratory First Aid
pages 23-24

Cardiopulmonary Resuscitation
pages 25-35

First Aid Procedures
pages 36-44

Hydrofluoric Acid Burn Treatment
pages 45-47

Containers and Labeling
pages 48-50

Chemical Waste Disposal
pages 51-53

Disposal of Hazardous Waste
pages 54-57

Safety Considerations in Research Proposals
pages 58-63

Legal Liability for Laboratory Accidents
pages 64-66

Working Alone
pages 67-68

Occupational Health Programs
pages 69-72



