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Preface

In December 1975, an ad hoc planning group from the Assembly of
Mathematical and Physical Sciences of the National Academy of Sciences
concluded that there was need for a National Research Council study to
recommend procedures for the safe •handling and disposal of toxic
substances in laboratories. After further discussion, the objective was
defined as the development of

1. a definition of the problem, including an evaluation of the available
epidemiological evidence, and

2. a set of recommended procedures for handling and disposing of
hazardous substances in laboratories.

The study was to encompass all types of laboratories where chemicals are
used and to include not only hazards arising from the acute or chronic
toxicity (including carcinogenicity) of chemicals but also such physical

.hazards as fires or explosions that can arise from handling chemicals.
However, the study was not intended to include hazards that might exist
in pilot plant or manufacturing facilities nor be concerned with physical
hazards (e.g;, radioactivity, lasers) or biological hazards (e.g., pathogenic
bacteria, virus infections,recombinant DNA) that may exist in a
laboratory. Therefore, the recommendations and procedures outlined in
this report deal specifically with chemistry and life sciences laboratories
where relatively small quantities of chemicals are used and may differ from

xiii



xiv Preface

those prescribed for dealing with large-scale continuing chemical processes
such as those found in an industrial setting.

With this objective in mind, funding for the study was obtained and a
parent committee and three subcommittees were assembled. The commit­
tee and its subcommittees were intended to represent the concerns of both
chemical and life scienc~ laboratories and the various types (jf workers in
academic, governmental, and industrial laboratories. The first phase of the
study was a survey of the safety practices currently being followed by
representative groups of academic and industrial laboratories. The
combined experience and knowledge of individuals in these various types
of laboratories have served as the basis for the specific procedures
recommended in later sections of this report. In a further effort to obtain
the viewpoints of the variety of laboratory workers for whom this report
was written, draft copies have been distributed to a number of laboratory
scientists and others concerned with the health and safety of laboratory
workers. The suggestions and comments obtained from this group of
individuals were considered in preparing the final report.
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Overview and
General Recommendations

1. NATURE AND SCOPE OF LABORATORY HAZARDS

People who work in scientific laboratories are exposed to many kinds of
hazards. This can be said of most workplaces; in some, the hazards. are
well recognized-those of ordinary fire, for example-and the precautions
to be taken are obvious. Laboratories, however, involve a greater variety of
possible hazards than do most workplaces, and some ofthose hazards call
for precautions not ordinarily encountered . elsewhere. In particular,
laboratories in which chemicals are used must be prepared to deal with
substances known to be hazardous,. with the. possible hazards of new
substances, .and with new types of experiments. However, in contrast to
manufacturing plants, laboratories usually handle only small amounts of
materials. and exposure to a particular material seldom extends over a
protracted time. In this respect, industrial laboratories differ .little from
university, governmental, or other research laboratories. Colleges and
universities have the special responsibility.of administering instructional
laboratories, where relatively inexperienced students must be introduced to
the safety precautions necessary to. the conduct of various laboratory
operations.

Safety has always. been a concern .of those working with hazardous
materials in the laboratory. (See, for example, Laboratory Planning for
Chemistry and Chemical Engineering, Lewis, H.F., Ed.; Reinhold: New
York,. 1962, a publication sponsored by. the National Research Council,
which includes an entire section on health and safety factors as well as

1



2 Overview and General Recommendations

specific design applications to such needs as. those of radioactivity
laboratories, hospital research laboratories, and high-pressure laborato­
ries.)

Few laboratory chemicals are without hazards of various kinds and
degrees. A substantial part of the time spent by students in instructional
laboratories is used in learning how to handle the materials and conduct
routine operations with them safely. In research, by its very nature, one
may be working with new chemicals or with biologically active materials
presenting unknown hazards. However, the past 30 years have witnessed
extraordinary changes in the conduct of chemical observations, particular­
ly in the ability to work with ever more minute samples and the use of
automated instrumentation. Furthermore, our understanding of environ­
mental and health problems has increased steadily, and this is being
reflected in improvements in the design of and working conditions in
laboratories.

This report is the product of a study initiated by research investigators
active in the fields of chemistry and the life sciences. It deals with the
hazards of using chemicals in the laboratory and with certain related
hazards. Its purpose is .to assemble information, derived mainly from
critical assessment of the best current knowledge and practice, that willbe
useful to laboratory workers and·· administrators in designing and
improving safety plans appropriate to their needs.

The hazards of handling chemicals in the laboratory may be classified
broadly as physical or chemical. Physical hazards include those of fire,
explosion, and electric shock, which are extremely serious· and· not
unfamiliar in most laboratories. Other physical hazards arise from means
of containment, such as cylinders of compressed gases, cryogenic
equipment, furnaces, •refrigerators, and glass apparatus.

Chemical hazards are associated with their toxic effects and maybe
subclassified as acute or chronic. Acute hazards are those capable of
producing prompt or only slightly delayed effects (such as serious bums,
inflammation, allergic responses, or damage to the eyes, lungs, or nervous
system). Some chemicals are extremely dangerous in this respect,and
small amounts can cause death or severe injury very quickly. Some, such
as chlorine or ammonia, give considerable warning, but others, such as
carbon monoxide, are not readily detected and consequently are more
insidious.

Other toxicological effects of chemicals may be delayed or develop only
after exposure over long periods of time and are referred to as chronic.
These effects may involve cumulative damage to many different organs or
parts of the body. Some are reversed on elimination· of exposure to the
chemical, but some are nearly irreversible, especially after much damage
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has occurred. Carcinogenic effects are usually chronic effects. In recent
years, we have become increasingly conscious of the variety and
seriousness of all these chronic effects, which are insidious because of the
long delay in their appearance. More research is needed to develop a better
understanding of how these effects are produced and what can be done to
prevent them.

The identification and regulation of carcinogens in particular is
currently receiving. much attention.· Although fewer than. two dozen
chemicals are definitely known to cause cancer in humans, several hundred
can do so in laboratory animals. In. addition, substances known to be
mutagenic or DNA-damaging in in vitro systems are suspected to be
carcinogenic. The· number of substances suspected to be carcinogenic is
1000-2000; the large range of uncertainty is due to the limited numbl1r of
validated experimental studies providing data for many of these sub­
stances.

Although there is currently a justifiably strong· interest in chronic
effects, particularly carcinogenesis, we.believe. that acutely toxic, .explosive,
and flammable substances constitute at least equally important and
immediate risks to laboratory workers. In .addition, precautions that
reduce exposure to acutely hazardous substances also reduce the probabili­
ty that chronic effects will be incurred. The procedures· recommended in
this report reflect this view of laboratory safety.

Much chemicalresearch is concerned with new molecular structures. It
is common to synthesizesubstances that have never existed. Such research
is carried outin both universities and industry and is a major source of
innovation in both fundamental and applied chemistry. Although the
biological activity. ofa substance. can sometimes be inferred from
knowledge. of its structure,. most· often it cannot. Nevertheless, when
dealing with new structures, the laboratory worker must attempt to
anticipate, by analogy to related structures of known toxicity, when a new
substance may have. exceptionally high acute or chronic toxicity. This
forethought should be an important part of planning all research involving
new chemicals. However, until actual toxicological data are available, all
new substances should be handled as though they were toxic.

Finally, this report is concerned not only with the hazards that are
encountered in the laboratory itself but also with the related hazards
involved in handling laboratory. chemicals on the loading dock and in
storerooms and stockrooms,. in transporting them, and in disposing of
them. Because many other persons may be exposed to chemical hazards
arising from laboratory operations, it is necessary to take actions to warn
them of and protect •them from such. hazards. These persons include
maintenance personnel and others who may be in the laboratory
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infrequently or may be exposed to. hazards in case of an accident in a
laboratory or during transportation.

2. REGULATION OF USE OF CHEMICALS

Several types of regulations affect the. use of chemicals in the laboratory
and the related operations of transportation and disposal of chemicals.
(For example, the handling of ethanol and certain pharmacological agents
has been controlled for some time. These regulations are not discussed
here.)

The Occupational Safety and. Health Administration (OSHA),. U.S.
Department of Labor (DOL), .has promulgated a number. of regulations
that limit the exposure of workers to chemicals. The OSHA regulations
are permissible exposure limits (PELs) based on the Threshold Limit
Values (TLVs@) that have been developed by the American Conference of
Governmental Industrial Hygienists for about 500 substances (The 1980
TLVs are appended to. this report as .Appendix B). In general, these are
levels that are not to.be exceeded by the average exposure over an 8-hour
working day. In addition, OSHA has classified (29CFR 1910; compare
also 45 Fed. Reg. 5002-5296). certain substances as carcinogens and
requires that exposure to these substances be controlled, certain records be
kept, certain .• warnings be given, and medical examinations be made
available to persons who may be exposed. OSHA regulations apply to
almost all workplaces (the exceptions include state and·. local agencies,
workplaces in states inwhich a state organization has the responsibility for
regulating working conditions, and federal agencies other than the DOL).
OSHA is continuing the process of developing additional regulations for
carcinogens, and the reguilatory situation in this area is expected to change
frequently.

TheD.S. Environmental Protection Agency (EPA) has the responsibili­
ty for regulation of chemicals in the air, in water, and on land. These
regulations have an important effect on the disposal of chemicals. In
addition, there are state and local regulations that place limits on what can
be discharged to the sewer system or the atmosphere or put in waste
disposal areas. New regulations to control chemical wastes are being
developed under the Resource Conservation and Recovery Act of 1976
(RCRA); this is an area where increased regulation can be expected (see 45
Fed. Reg. 12,722,12,754).

The Laboratory Chemical. Carcinogen Safety Standards Subcommittee
of the Committee to Coordinate Environmental and Related Problems,
U.S. Department of Health and Human Services, is currently developing a
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draft of guidelines for the laboratory use of chemical substances posing a
potential occupational carcinogenic risk.

Finally, the U.S. Department of Transportation (DOT) controls the
shipping of chemicals and their transport on any .type of public facility,
including a private vehicle using public roads. These regulations also affect
the transport of chemicals aspartofa disposal process.

3. GOALS OF A LABORATORY SAFETY PROGRAM

An important objective of this report· is. to provide guidance to all
laboratory workers who use chemicals, so that they can petform their
work safely. Experience has shown,especiallyin industry, that the
laboratory can be a safe workplace. This record, however,has been
achieved only through vigorous safety programs. The·goals of a laboratory
safety plan should be to protect •from injury· those working •in. the
laboratory, others who may be exposed to hazards from the laboratory,
and the environment.

LABORATORY WORKERS AND STUDENTS IN INSTRUCTIONAL

LABORATORIES

Each individual working in a laboratory should be informed. about<safety
in connection with that particular laboratory and the work going on there.
This includes all research staff, faculty, postdoctoral fellows, technicians,
teaching assistants, and students. No •responsible investigator would
knowingly conduct research in a manner that jeopardized anyone's health
or safety.

SUPPORT PERSONNEL

The. stockroom personnel, maintenance personnel, technical assistants,
animal care personnel, persons transporting chemicals,. and others in the
vicinity. of the laboratory may also be exposed to potential physical and
chemical hazards in connection with work going on in the laboratory.
They should be informed about the risks involved and educated about how
to avoid potential hazards and what to do in the event of an accident.

THE ENVIRONMENT

Chemicals must be disposed of in such a way that people, other living
organisms,· and the environment generally are subjected to minimal harm
by the substances used or produced in the laboratory. Both the laboratory
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workers and the supporting personnel should know and use acceptable
disposal methods for various chemicals.

4. RESPONSIBILITY FOR LABORATORY SAFETY

First and foremost, the protection of health and safety is a moral
obligation. An expanding array of federal, state, and local laws and
regulations makes ita legal requirement and an economic necessity as well.
In the final analysis, laboratory safety can be achieved only by the exercise
of judgment by informed, responsible. individuals. It is an essential part of
the development of scientists that they learn to work with. and to accept
the responsibility for the appropriate use of hazardous substances.

Liability for a laboratory misadventure (accident, illness, environmental
damage) may lie. with the individual experimenters, their. immediate
supervisors, other officers of the· institution, or the institution itself,
depending on the circumstances and applicable ·laws....-.federal, state, and
local. In view of the small number of cases decided, it is impossible to
predict the outcome of a law suit in this area. Each institution, therefore,
should seek expert legal advice pertinent to its particular situation, so that
potential liability can be estimated ahead of time if possible.

Past experience has shown that voluntary safety programs are often
inadequate. Good laboratory practice requires mandatory safety rules and
programs. To achieve safe conditions for the laboratory worker, a program
must include (a) regular safety inspections at intervals ofno more than 3
months (and at shorter intervals for certain types of equipment, such as
eyewash· fountains), (b) disposal procedures that ensure disposal of waste
chemicals at regular intervals, (c) formal and regular safety programs that
ensure that at least some of the full-time personnel are trained in the
proper use of emergency equipment and procedures, and (d) regular
monitoring of the performance of ventilation systems.

A sound safety organization that is respected by all is essential; a good
laboratory safety program must always be based on. participation of both
laboratory administration and students and/or employees. Laboratory
workers and their institutions or companies are strongly encouraged to
follow the safety practices recommended in this report. Large industrial
organizations often. have safety programs· costing millions of dollars
annually. Academic institutions have been rather casual about safety
programs; the time and money devoted to safety programs by academic
institutions will have to increase. University faculties and administrations
need to develop,· support, and enforce well-defined safety policies. The
importance of a safety-minded point of view among all employees or
students must be inculcated by the institution. In the end, the individual
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worker must learn to think about possible hazards and seek information
and advice before beginning any experiment.

The ultimate responsibility for safety within an institution lies with its
chief executive officer. This individual must ensure that an effective
institutional safety program is in place. The chief executive officer and all
immediate associates (vice presidents, deans, department heads, and such)
must exhibit a sincere and continuing interest in the safety program, and
this interest must be obvious to all. An excellent safety program that is
ignored by top management (until after an accident) will certainly be
ignored by everyone else. Essential to an effective institutional safety
program is an institutional safety coordinator (or institutional safety
officer). This individual should have appropriate training and be qualified
in those areas of safety that are relevant to the activities of the institution.
Records should document that the facilities available and the precautions
taken in carrying out activities of the institutions are compatible with the
current state of knowledge of the potential risks and the law. Experimental
work involving chemicals is a subset of those activities.

The responsibility for safety in a department (or other administrative
unit) lies with its chairperson or supervisor. Essential to an effective
departmental safety program is a departmental safety coordinator (or
departmental safety officer). In smaller institutions, it may be possible for
one person to perform more than one set of duties. For example, a
significant fraction of the time of a departmental faculty member might be
allotted to the duties of departmental safety coordinator. However, it must
be recognized that such duties are time-consuming and will require regular
attention.

The responsibility for the authorization of a specific operation, the
delineation of the appropriate safety procedures, and. the instruction of
those who will carry out the operation lies with the project director of that
undertaking.

The responsibility for safety during the execution of an operation lies
with the operator(s) executing that operation. Operators frequently include
workers, technicians, and students. Nevertheless, the primary responsibili­
ty remains with the project director.

A typical pattern of interactions among these various individuals is
shown in Figure 1.

An effective departmental safety coordinator must be committed to the
attainment of a high level of safety and must work with administrators and
investigators to develop and implement policies and practices appropriate
for safe laboratory work. In these activities, the safety coordinator requires
the cooperation of everyone--workers, technicians, and students, as well
as scientists. Collectively, this group must routinely monitor current
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Operator

..

..

......

Institutional
Safety Coordinator
Supported by a
Representative Group
Medical Staff

t f
Departmel1tal
Safety Coordinator
Supported bya
Representative Group

FIGURE 1 Pattern of interactions.

operations and practices, see that appropriate audits are maintained, and
seek ways to improve the safety program. If the goals of the.laboratory
dictate specific operations and the use of specific substances not appropri­
ate to. the existing facilities,it is the responsibility of the safety coordinator
and the. representative •• group •to .assist. the investigator in acquiring
adequate facilities and developing appropriate guidelines.

All accidents and near accidents should be carefully analyzed, and the
results of such analyses and the· recommendations for the prevention of
similar occurrences should be distributed to all who might benefit. This is
not to be aimed at fixing blame but at contributing to a safer environment.

The processes involved in the procurement, use, and disposal of
chemicals are summarized in Figure 2. The safety coordinator and the
representative group must monitor these processes and make provision for
orderly disposal of the material should circumstances such as spills or
accumulation of unusable or hazardous material dictate such action.

Laboratories that use chemicals. have diverse goals: the extension of
knowledge about single substances and complex systems (research), the
development of goods and services (development), and the extension of
intellectual competencies and experimental capabilities of individuals
(education). The use and distribution of chemicals mustbe consistent with
the goals of the laboratory.· Teaching .laboratories and research laborato­
ries have different goals .and,· therefore, different operating. conditions.
Although the work done in teaching laboratories can usually be designed
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to use chemical substances that have well-known properties, work in
research laboratories frequently involves chemical substances that have
completely. unknow;n •properties. Teaching .la~oratories often involve large
numbers of relatively inexperienced students, while research .laboratories
usually involve .a small number of experienced investigators assisted by
technicians.

The •risk associated with the possession and use of each specific
substance is dependent on the following:

1. the knowledge of and commitment to safe laboratory practices of all
who handle it;

2. its physical, chemical, and biological properties;
3. the. quantity received and the manner in which it is stored and

distributed;
4. the manner in whichit is used;
5. the manner of disposal of the substance and its derivatives;
6. the length of time it is on the premises; and
7. the number of persons who work in the area and have open access to

the substance.
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The decision to procure a specific quantity of a specific chemical is a
commitment to handle it responsibly from receipt to ultimate disposal.
Each operation in which it is handled and each period between operations
presents opportunities for misadventure.

5. HANDLING CHEMICALS IN THE LABORATORY

Chemicals occur in almost limitless (and ever-increasing) varieties. For
this reason, general precautions for handling almost all chemicals are
needed, rather than specific guidelines for each chemical. Otherwise,
laboratory work will be needlessly handicapped, practically and economi­
cally, by attempts to adhere to a labyrinth of separate guidelines or, more
likely, the laboratory worker will simply ignore the entire complex set of
guidelines and, consequently, be exposed to excessive hazard.

In subsequent sections.of this report, we have taken the viewpoint that,
under some circumstances, all chemicals can be hazardous. Accordingly,
we have recommended general procedures, applicable. to all chemicals,
that are designed to minimize the exposure of the laboratory worker to any
chemical. In addition, we have noted other precautions that are appropri­
ate in working with substances that are known to be flammable, explosive,
or unusually toxic.

It is imperative that the work occurring· in teaching and experimental
research laboratories be differentiated from that in pilot plants and
industrial manufacture. Research in academic and industrial laboratories
is carried out on a smallscale and, hence, generally involves low levels of
exposure of laboratory workers to chemicals. This is particularly true
when the laboratory worker makes proper use of the hoods,· protective
apparel, and other safety devices that should be present in a well-equipped
laboratory. Furthermore, in contrast to the typical industrial plant, where
workers may be exposed to a limited number of substances over very long
periods, the research worker is exposed to a large variety of substances at
low levels for brief periods of time. Finally, the professional expertise,
common sense, judgment, and· safety awareness of the research worker
performing chemical operations in the research laboratory most often puts
him or her in the best position to judge necessary safety precautions.

Careful attention must be paid to the appropriateness of the experimen­
tal work conducted in relation to the adequacy ofthe physical facilities
available and the personnel involved. Once these are established, it is the
role of the safety coordinator and the representative group to assist in the
development of adequate guidelines for operations. For example, the
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ventilation facilities available in a given laboratory may. preclude certain
kinds ofwork or the use of certain materials.

A continuing appraisal of safety facilities (hoods, incinerators, and such)
should be made, and modernization should be instituted whenever they are
judged inadequate for the work planned.

6. RECOMMENDATIONS

SAFETY PLANS

Organizations administering laboratories should have safety plans. The
administration should actively support safety by ensuring that a safety
plan is developed and fonowed. An persons in the organization must
understand. their responsibilities and should· take appropriate. actions to
ensure safe operations.. In many·. organizations,. safety committees repre­
senting the various types of persons exposed to potential hazards are
needed to discuss problems, recommend safety m.easures, and facilitate
communication. Most organizations should have safety coordinators to
work on problems, to serve as consultants on safety matters, and to
support those involved in providing for safe operations. The safety
program should be.a regular, continuing effort and not merely a stand-by
activity. that functions for a short. time. after .each laboratory. accident.

MEDICAL PROGRAM

Any person whose work involves regular and frequent handling of
toxicologically significant quantities of material that is acutely or chroni­
cally toxic should consult a qualified physician to determine whether it is
desirable to establish a regular schedule of medical surveillance. It can be
very usefulto monitor body concentrations6fchronie-tmcins-··such as lead
or mercury compounds. Also, it is possible that, in the future, biological
monitoring (e.g., of certain enzyme levels) may provide an indication of
excessive exposure to some toxins and also an indication that some persons
are .predisposed to above-average •• sensitivity to. certain toxic substances.

It is not clear that a schedule of regular medical surveillance will offer
significant benefit to a person working in the laboratory with carcinogens
(see Handling Chemical Carcinogens in the Laboratory: ProblemsofSafety,
Montesano, R.,etal., Eds.; InternationalAgency for Research on Cancer,
Lyon, France, 1979, p. 23). Often, the .analyses that could provide useful
information for medical surveillance have yet to be developed. We
therefore recommend that the need for regular medical surveillance be
decided on an individual basis by consultation between the laboratory
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worker and a qualified physician. Medical records, or copies thereof,
should be retained by the institution in accord with state and· federal
regulations. Local,.state,. or federal· regulations sometimes require medical
surveillance for specific compounds.

FACILITIES

The facilities available are an important part of the provision for safe
laboratory operations; their capacity should not be exceeded. The facilities
should include hoods, an appropriate ventilation system, stockrooms and
storerooms, safety equipment, and arrangements for disposal. The perfor­
mance of the laboratory ventilation system and other safety facilities
should be monitored at regular intervals; we recommend at .least once
every three months. •In cases· where the facilities are inadequate for the
work being done, they should be improved so that they are adequate or the
experimental work should be changed so. that the safety capacity. of the
facilities is not exceeded.

Although the energy costs of ventilation, often substantial,· are increas­
ing, •. considerations of economy should never take· precedence over
ensuring that laboratories have adequate ventilation. Any change in the
overall ventilation system to conserve energy should be instituted only
after thorough testing of its effects has demonstrated that the laboratory
workers will continue to have adequate protection from hazardous
concentrations of airborne toxic substances. An inadequate ventilation
system can cause increased risk because it can give a false sense of security.

MONITORING OF CHEMICAL SUBSTANCES

For most laboratory environments, we believe that regular monitoring of
the airborne concentrations of a variety of different toxic materials is both
unjustified and impractical. If care is taken to ensure that (l) the
ventilation system (including the hood) is performing and being used
properly, (2) the laboratory workers are using proper protective clothing
to avoid skin contact, and (3) the. laboratory workers are following good
hygiene and laboratory safety practices, then even highly toxic materials
can be handled without undue hazard.

We believe· that there· are two circumstances where monitoring of
individual compounds is appropriate. In testing or redesigning the hoods
and other local ventilation· devices in a laboratory, it is often helpful to
release a substance (e.g., Freon 11®, sulfur hexafluoride) whose airborne
concentration is readily monitored by commercial instruments. Alterna­
tively, laboratory workers can wear personal air-sampling devices to
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provide a measure of the airborne concentration of some substance in their
environment.

If a specific substance that is highly toxic is regularly and continuously
used (e.g., three times a week), then instrumental monitoring of that
substance may be appropriate. This is especially true if a relatively large
amount of the material is being stored or used in the laboratory.

ACADEMIC TEACHING LABORATORIES

In •general, the students and instructors in academic teaching laboratories
should follow the safety procedures recommended for full-time laboratory
workers in research and development laboratories. The need for using
appropriate protective apparel (safety glasses, gloves, and such), for
following general safe laboratory practices, and for providing emergency
safety equipment(safety showers, eyewash stations, fire extinguishers, and
such) is probably even greater in instructional laboratories where sizable
numbers of relatively untrained laboratory workers may be present in
relatively close quarters.

The most severe .limitation on· protective equipment in instructional
laboratories is usually the general laboratory. ventilation and, especially,
auxiliary local exhaust ventilation (hoods or their equivalent). It is unlikely
that most academic institutions will be able. to •provide a •laboratory hood
for every two students in their instructional laboratories. Therefore, we
recommend that the work done and the chemicals used in any instruction­
allaboratory be adjusted according to the quality of ventilation protection
that is available in that laboratory. Unless adequate hood space can be
provided, it seems prudent to avoid workwith substances whose toxicity
has not been studied.· The selection of the. particular substances to· use
among those whose toxicological properties are known should be based on
the quality of ventilation system available.

The PELs of OSHA and the current threshold limit value (TLVs@; see
Section LB.l and Appendix B) provide useful guides. Allwork in
instructional laboratories should be carried out in such a way that the
concentration of each substance being used does not exceed its PEL or
recommended TLV. This may be achieved by a combination of experimen­
tal design and laboratory ventilation. In general,.· use of a hood or some
equivalent form of local ventilation is desirable when working with any
appreciably volatile substance having a TLV of less than 50 ppm. Of
course, this generalization is intended to serve as no more than a rough
rule of thumb; many substances having higher limit values can •pose
hazards if they are used without proper. planning· and precautions.
Furthermore, the overall ventilation system in each instructionallaborato-
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ryshould be evaluated at regular intervals, and some monitoring of
concentration levels for specific substances may be required in question­
able cases.

DISPOSAL OF WASTE SUBSTANCES

Some laboratories currently dispose of waste substances by pouring them
down the drain or by placing them in drums to be buried in a landfill by an
outside contractor. Such indiscriminate disposal is unacceptable and is
being curtailed by a combination of local, state, and federal regulations.. It
is important that an institutional safety plan provide for the regular
disposal of waste chemicals. Waste from individual laboratories should be
removed at intervals of not more thanl week to a central waste disposal
storage area and then removed from that area at regular intervals. The
most practical. alternative for removal of combustible material is to
construct or contract for access to an incinerator that is capable of
incinerating chemical and biological waste materials in an environmentally
acceptable manner. The institutional plan for this type of disposal must
include consideration of what materials can be incinerated, how they are to
be collected and stored, and their •mode of transport to the •incinerator.

LITERATURE AND CONSULTING ADVICE

Literature (see Sections LEA, I.A.18, and I.H.7) and consulting advice on
laboratory safety and on thephysieal and biological hazards ofchemicals
should be readily available· to •those responsible for laboratory operations
and those actually involved. Laboratory workers should be encouraged to
read about the potential hazards of the work going on in their laboratory
and to know about the availability of various resources that describe safe
operating conditions. This literature should be available in a form that is
readily accessible both to those responsible for laboratory operations and
to laboratory workers themselves.

Although a substantial number of people who have expertise in
laboratory safety are employed by large chemical companies and by
private consulting firms, such persons are not often found in academic
institutions. Because modifications of certain safety facilities (e.g., ventila­
tion. systems, waste disposal systems) can be very expensive, such
modifications should notbe undertaken until advice has been sought from
persons qualified to make recommendations. The. alternatives for an
academic institution are either to hire an appropriately qualified person as
the institutional safety coordinator or to hire appropriate consultants as
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needed to obtain advice about specific safety problems. Some chemical
companies have discussed the possibility of encouraging contact between
members of their .staff of safety experts and universities to provide
information about safety problems that arise in universities. Such
interactions would have immediate benefit for universities and could be
expected to increase the safety consciousness of students being trained in
universities.

EDUCATIONAL ACTIVITIES

Educational activities should be provided for all persons who may be
exposed to potential hazards in connection with laboratory operations.
This group includes faculty, students, laboratory supervisors, laboratory
workers, maintenance and storeroom personnel, and others who are close
to laboratories. New persons coming into the laboratory or related jobs
should be educated about safety procedures and the procedures to use in
the event of accidents.

These institutional education programs should be regular, continuing
activities and not simply once-a-year presentations provided for groups of
new students or employees.

There is need for the publication of a regular series of articles dealing
with laboratory .safety and with new potentiaUaboratory hazards that have
been found by laboratory workers. These articles should be written by
persons who have expertise and experience in. the area of laboratory safety
and should be reviewed with care to be certain that the information
published (e.g., data concerning acute or chronic toxicity) is based on
reliable. experimental evidence. We recommend that scientific societies
publish a regular .series of. articles concerning laboratory safety in
periodicals. that are widely read by laboratory .. workers. We further
recommend that the content or the present report be reproduced in such a
way that the. recommended. safety procedures contained herein can be
made available to a large number of laboratory workers at a reasonable
price. Because the content of this report will require revision as new
laboratory hazards are identified and as more toxicological data become
available, we also recommend that new editions of Prudent Practices for
Handling Hazardous Chemicals in Laboratories be published at regular
intervals by an agency that is representative of and responsible to the
scientific community. Such. new editions should continue, as does the
present report, to. be applicable to both academic and industrial research
laboratories investigating chemistry or the life sciences.
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EFFECTS ON HEALTH OF CHEMICALS; BIOLOGICAL HAZARDS

Epidemiological evidence supporting or refuting the finding of higher risk
of death from cancer among chemists, in comparison with members of
reference or other groups, is equivocal. Until quite recently, the preponder­
ance of studies supported the view that those in the occupational category
of chemist, as defined in the separate studies, did have a higher risk of
death from cancer. Recent evidence is at variance with the previously
reported findings. There is, thus, inconsistency in the results of the various
epidemiological studies.

All of the epidemiological studies reported to date can be criticized on
many grounds; thus, interpretation of the findings is· complicated. For
example, there was a lack of consistency among the sites of cancers
reported as in excess of expectation· for several of the groups studied.
Furthermore, methodological difficulties in the design· of the several
studies compromise ready acceptance of the findings. These studies.do not
distinguish members of the population groups according to the degree of
exposure and, because of the presumed long latency period of cancer, any
increased incidence probably represents exposure that occurred some time
in the past. These issues and other related reservations are described in
greater detail in Appendix A.

However, although the results of the epidemiological investigations are
equivocal on the pointofwhether or not there exists a special riskof death
from cancer for those· variously classified as chemists, the undeniable
hazard of handling a variety ofchemicals provides good and sufficient
reason· for laboratories to bring their operations· into compliance with the
practices recommended here.

More research is needed on the effects of chemicals on health, •including
epidemiological studies. We recommend that the available toxicological
information on specific substances be evaluated by qualified persons and
then rewritten and published at regular intervals in a form that will be
useful to laboratory workers •handling· chemicals.. In this report, we
illustrate the type of information we have in mind in the form of sample
data sheets for 33 compounds. A compilation of such data sheets, revised
and .augmented at· regular intervals under the .aegis of an organization
responsible to the scientific community, would be a valuable resource to
which laboratory workers could tum to learn of any· special hazards
involved in handling or disposing of a specific substance in the laboratory.
Neither the currently available company product data· sheets nor the
various compilations of toxicological data accessible provide information
in a form that is really useful to a person who wishes to work with a given
substance in the laboratory.
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This report does not, and was not intended to, address various biological
hazards that arise in laboratories; thus, procedures for safe handling and
disposal of bacterial or viral cultures are not considered. We believe that
biological laboratory hazards are clearly worthy of a study of the type
represented by this report.
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I.A

General
Recommendations for
Safe Practices in
Laboratories

It is impossible to design a set of rules that will cover all possible hazards
and occurrences. Some general guidelines are given below that experience
has shown to be useful for avoiding accidents or reducing injuries in the
laboratory.

The most important rule is. that everyone involved in laboratory
operations-from the highest administrative level to the individual
worker-must be safety minded. Safety awareness can become part of
everyone's habits only if the issue of safety is discussed repeatedly and only
if senior and responsible staff.evince a sincere and continuing interest and
are perceived by all their associates as doing so. The individual, however,
must accept responsibility for carrying out his or her own work in
accordance with good safety practices and. should be prepared in advance
for possible accidents by knowing what emergency aids are available and
how they are to be used.

The supervisor of the laboratory has overall safety responsibility and
should provide for regular formal safety and housekeeping inspections (at
least quarterly for universities and other organizations that have frequent
personnel changes and. semiannually for other •laboratories) in addition to
continual informal inspections. Laboratory supervisors have the responsi"
bility of ensuring that (a) workers know safety rules and follow them, (b)
adequate emergency equipment in proper working order is available, (c)
training in the use of emergency equipment has been provided, (d)
information on special or unusual hazards in. nonroutine work has been
distributed to the laboratory workers, .and (e) an appropriate safety

21
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orientation has been given to individuals when they are first assigned to a
laboratory space.

The laboratory worker should develop good personal safety habits: (a)
eye protection should be worn at all times, (b) exposure to chemicals
should be kept to a minimum, and (c) smoking and eating should be
avoided in areas where chemicals are present.

Advance planning is one of the best ways to avoid serious incidents.
Before performing any chemical operation, the laboratory worker should
consider "What would happen if . . . ?" and be prepared to take proper
emergency actions.

Overfamiliarity with a particular laboratory operation may result in
overlooking or underrating its hazards. This attitude can lead to a false
sense of security, which frequently results in carelessness. Every laboratory
worker has a basic responsibility to himself or herself and colleagues to
plan and execute laboratory operations in a safe manner.

I.A.! GENERAL PRINCIPLES

Every laboratory worker should observe the following rules:

1. Know the safety rules and procedures that apply to the work that is
being done. Determine the potential hazards (e.g., physical, chemical,
biological) (see Chapters I.B-D) and appropriate safety precautions before
beginning any new operation.

2. Know the location. of and how to use the emergency equipment in
your area, as well as how to obtain additional help in an emergency, and be
familiar with emergency procedures (see Sections I.F.l-3).

3. Know the types of protective equipment available and use the
proper type for each job (see Sections I.E.4-7).

4. Be alert to unsafe conditions and actions and call attention to them
so that corrections can be made as soon as possible. Someone else's
accident can be as dangerous to you as any you mighthave.

5. Avoid consuming food or beverages or smoking in areas where
chemicals are being used or stored (see Section I.A.3).

6. Avoid hazards to the environment by following accepted waste
disposal procedures (see Chapters H.E and G). Chemical reactions may
require traps or scrubbing devices to prevent •the escape of toxic
substances.

7. Be certain all chemicals are correctly and clearly labeled. Post
warning signs when unusual hazards, such as radiation, laser operations,
flammable materials, biological hazards, or other special problems exist.

8. Remain out of the area of a fire or personal injury unless it is your
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responsibility to help meet the emergency. Curious bystanders interfere
with rescue and emergency personnel and endanger themselves (see
Section I.F.S).

9. Avoid distracting or startling any other worker. Practical jokes or
horseplay cannot be tolerated at any time.

10. Use equipment only for its designed purpose.
11. Position and c1amp reaction apparatus thoughtfully in order to

permit manipulation without the need. to move the apparatus until the
entire reaction is completed. Combine reagents in appropriate order, and
avoid adding solids to hot liquids (see Section I.D.3).

12. Think, act, and encourage safety until it becomes a habit.

I.A.2 HEALTH AND HYGIENE

Laboratory workers should observe the following health practices:

1. Wear appropriate eye protection at all times (see Section I.F.1).
2. Use protective apparel, including face shields, gloves, and other

special clothing or footwear as needed (see Sections I.F.2 and 3),
3. Confine long hair and loose clothing when in the laboratory (see

Section I.F.3).
4. Do not. use mouth suctiop to pipet chemicals or to start a siphon; a

pipet bulb or an aspirator should be used to provide vacuum.
5. Avoid exposure to gases, vapors, and aerosols (see Chapter I.H). Use

appropriate safety equipment whenever such exposure is likely (see
Chapter I.F).

6. Wash well before leaving the laboratory area. However, avoid the use
of solvents for washing the skin. They remove the natural protective oils
from the skin and can cause irritation and inflammation. In some cases,
washing with a solvent might facilitate absorption of a toxic chemical.

I.A.3 FOOD HANDLING

Contamination of food, drink, and smoking materials is a potential route
for exposure to toxic substances. Food should be stored, handled, and
consumed in an area free of hazardous substances.

1. Well-defined areas should be established for storatse and consumption
of food and beverages. No food should be stored or consumed outside of
this area.

2. Areas where food is permitted should be prominently marked and a
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warning sign (e.g., EATING AREA-NO CHEMICALS) posted. No chemicals
or chemical equipment should be allowed in such areas.

3. Consumption of food or beverages and smoking should not be
permitted in areas where laboratory operations are being carried out.

4. Glassware or utensils that have been used for laboratory operations
should never be used to prepare or consume food or beverages. Laboratory
refrigerators, ice chests, cold rooms, and such should not be used for food
storage; separate equipment should be dedicated to that use and
prominently labeled.

LA.4 HOUSEKEEPING

There is a definite relationship between safety performance and orderliness
in the laboratory. When housekeeping standards fall, safety performance
inevitably·deteriorates. The work area should be kept clean, and chemicals
and equipment shquld be properly labeled and stored.

1. Work areas should be kept clean and free from obstructions. Cleanup
should follow the completion of any operation or at the end of each day.

2. Wastes should be deposited in appropriate receptacles.
3. Spilled chemicals should be cleaned up immediately and disposed of

properly. Disposal procedures should be established and all laboratory
personnel should be informed of them (see Section II.E.6); the effects of
other laboratory accidents should also be cleaned up promptly.

4. Unlabeled containers and chemical wastes should be disposed of
promptly, by using appropriate procedures (see Chapters n.E and G).
Such materials, as well as chemicals that are no longer needed, should not
accumulate in the laboratory.

5. Floors should be cleaned regularly; accumulated dust,chromatogra­
phy adsorbents, and other assorted chemicals pose respiratory hazards.

6. Stairways and hallways should not be used as storage areas.
7. Access to exits, emergency equipment, controls, and such should

never be blocked.
8. Equipment and chemicals should be stored properly; clutter should

be minimized.

LA.5 EQUIPMENT MAINTENANCE

Good equipment maintenance is important· for safe,efficient operations.
Equipment should be inspected and maintained regularly. Servicing
schedules will depend on both the possibilities and the consequences of
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failure. Maintenance plans should include a procedure to ensure that a
device that is out of service cannot be restarted.

LA.6. GUARDING FOR SAFETY

All mechanical equipment· should be adequately furnished with guards
that prevent access to electrical connections or moving parts (such as the
belts and pulleys ofavacuumpump).(see SectionLG.2).Each laboratory
worker should inspect equipment before using it to ensure that the guards
are in place and functioning.

Careful design of guards is vital. An ineffective guard can be worse than
none at all, because it can give a false sense of security. Emergency shutoff
devices may be needed, in addition to electrical and mechanical guarding
(see Chapter LG).

LA.7 SHIELDING FOR SAFETY

Safety shielding should be used for any operation having the potential for
explosion such as (a) whenever a reaction is attempted for the first time
(small quantities of reactants should be used to minimize hazards), (b)
whenever a familiar reaction is carried out on a larger than usual scale
(e.g., 5-10 times more material), and (c) whenever .operations are carried
out under nonambient conditions (see Sections LD.2 and 3). Shields must
be placed so that all personnel in the area are protected from hazard (see
Section LF.I).

LA.8 GLASSWARE

Accidents involving glassware are a leading cause of laboratory injuries.

1. Careful handling and storage procedures should be used to avoid
damaging glassware. Damaged items should be discarded or repaired.

2. Adequate hand protection should be used when inserting glass tubing
into rubber stoppers or corks or when placing rubber tubing on· glass hose
connections. Tubing should be fire polished or rounded and lubricated,
and hands should be held close together to limit movement of glass should
fracture occur. The use of plastic or metal' connectors should be
considered.

3. Glass-blowing operations should not be attempted unless proper
annealing facilities are available.

4. Vacuum-jacketed glass apparatus should be handled with extreme
care to prevent implosions. Equipment such as Dewar flasks should be
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taped or shielded (see Section LD.3). Only glassware designed for vacuum
work should be used for that purpose.

5. Hand protection should be used when picking up broken glass.
(Small pieces should be swept up with a brush into a dustpan.)

6. Proper instruction should be provided in the use of glass equipment
designed for specialized tasks, which can represent unusual risks for the
first-time user. (For example, separatory funnels containing volatile
solvents can develop considerable pressure during use.)

LA.9 FLAMMABILITY HAZARDS

Because flammable materials are widely used in laboratory operations (see
Chapter LC), the following rules should be observed:

1. Do not use an open flame to heat a flammable liquid or to carry out a
distillation under reduced pressure.

2. Use an open flame only when necessary and extinguish it when it is
no longer actually needed.

3. Before lighting a flame, remove· all flammable substances from the
immediate area. Check all containers of flammable materials in the area to
ensure that they are tightly closed.

4. Notify other occupants of the laboratory in advance of lighting a
flame.

5. Store flammable materials properly (see Section II.D.2).
6. When volatile flammable materials may be present, use only

nonsparking electrical equipment.

I.A.lO COLD TRAPS AND CRYOGENIC HAZARDS

The primary hazard of cryogenic materials is their extreme coldness.•They,
and surfaces they cool, can cause severe bums if allowed to contact the
skin. Gloves and a face shield may be needed when preparing or using
some cold baths (see Sections I.F.land 2).

Neither liquid nitrogen nor liquid air should be used to cool a flammable
mixture in the presence of air because oxygen can condense from the air,
which leads to an explosion hazard. Appropriate dry gloves should be used
when handling dry ice (see Section ILB.2), which should be added slowly
to the liquid portion of the cooling bath to avoid foaming over. Workers
should avoid lowering their head into a dry ice chest: carbon dioxide is
heavier than air, and suffocation can result.
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I.A.II SYSTEMS UNDER PRESSURE

Reactions should never be carried outin, nor heat applied to, an apparatus
that is a closed system unless. it is designed and. tested to. withstand
pressure (see Section. LD.2).Pressurized apparatus should have an
appropriate relief device. If the reaction cannot be opened directly to the
air,an inert gas purge and bubbler system should be used to avoid pressure
buildup.

LA.l2 WASTE DISPOSAL PROCEDURES

Laboratory management has the responsibility for establishing waste
disposal procedures for routine and emergency situations (see Chapters
ILE and G) and communicating these to laboratory workers.. Workers
should follow these procedures with care, to avoid any safety hazards or
damage to the environment.

I.A.D WARNING SIGNS AND LABELS

Laboratory areas that have special or unusual hazards should be posted
with warning signs. Standard signs and symbols have been established for
a number of special situations, such as radioactivity hazards, biological
hazards, fire hazards, and laser operations. Other signs should be posted to
show the locations of safety showers, eyewash stations, exits, and fire
extinguishers. Extinguishers should be labeled to show the type of fire for
which they are intended (see Section LF.l). Waste containers should be
labeled for the type of waste that can be safely deposited.

The safety- and hazard-sign systems in the laboratory should enable a
person unfamiliar with the usual routine of the laboratory to escape in an
emergency (or help combat it, if appropriate) (see Section LF.5).

When possible, labels on containers of chemicals should contain
information on the hazards associated with use of the chemical (see
Chapters I.B and C). Unlabeled bottles of chemicals should not be opened;
such. materials should .be disposed of promptly and will require special
handling procedures (see Chapters H.E and G).

LA.l4 UNATTENDED OPERATIONS

Frequently, laboratory operations are carried out continuously or over­
night. It is essential to plan for interruptions in utility services such as
electricity, water, and inert gas. Operations should be designed to be safe,
and plans should be made to avoid hazards incase of failure. Wherever
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possible, arrangements for routine inspection of the operation should be
made and, in all cases, the laboratory lights should be left on and an
appropriate sign should be placed on the door.

One particular hazard frequently encountered is failure of cooling water
supplies. A variety of commercial or homemade devices can· be used that
(a) automatically regulate water pressure to avoid surges that might
rupture the water lines or (b) monitor the water flow so that its failure will
automatically turn off electrical connections and water supply valves.

LA.IS WORKING ALONE

Generally, it is prudent to avoid working in a laboratory building alone.
Under normal working conditions, arrangements should be made between
individuals working in separate laboratories outside of working hours to
crosscheck periodically. Alternatively, security guards may be asked to
check on the laboratory worker. Experiments known to be hazardous
should not be undertaken by a worker who is alone in a laboratory.

Under unusual conditions, special rules. may be necessary. The
supervisor of the laboratory has the responsibility for determining whether
the work requires special safety precautions, such as having two persons in
the same rOOm during a particular operation.

LA.16 ACCIDENT REPORTING

Emergency telephone ·numbers·tobecalledin the event of fire, .accident,
flood, or hazardous chemical spill should be posted prominently in each
laboratory. In addition,· the numbers. of the laboratory workers and their
supervisors should be posted. These persons should be notified immediate­
ly in the event of an accident or emergency.

Every laboratory should have an internal accident-reporting system to
help discover and correct unexpected hazards (see Section LF.5). This
system should include provisions for investigating the causes of injury and
any potentially serious incident that does not result in injury. The goal of
such investigations should be to make recommendations to improve safety,
not to assign blame for an incident. Relevant federal, state, and local
regulations may require particular reporting procedures for accidents or
injuries.

I.A; 17 EVERYDAY HAZARDS

Finally, laboratory workers should remember that injuries can and do
occur outside the laboratory or other work area. It is important that safety
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be practiced in offices, stairways, corridors, and other places. Here, safety
is largely a matter of common sense, but a constant safety awareness of
everyday hazards is vital.
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LB

Procedures for Working with
Substances that Pose
Hazards Because of Acute
Toxicity, Chronic Toxicity,
or Corrosiveness

Many of the chemicals encountered in the laboratory are known to be
toxic or corrosive or both. New and untested substances that may be
hazardous are also frequently encountered. Thus, it is essential that all
laboratory workers understand the types of toxicity, know the routes of
exposure, and recognize the major classes of toxic and corrosive chemicals.

When considering possible toxicity hazards while planning an experi­
ment, it is important to recognize that the combination of the toxic effects
of two substances may be significantly greater than the toxic effect of either
substance alone. Because most chemical reactions are likely to contain
mixtures of substances whose combined toxicities have never been
evaluated, it is prudent to assume that mixtures of different substances
(i.e., chemical reaction mixtures) will be more toxic than the most toxic
ingredient contained in the mixture. Furthermore, chemical reactions
involving two or more substances may form reaction products that are
significantly more toxic than the starting reactants. This possibility of
generating toxic reaction products may not be anticipated by the
laboratory worker in cases where the reactants are mixed unintentionally.
For example, successive treatments of a surface or an object with aqueous
ammonia and then with sodium hypochlorite or other positive-halogen
reagents may generate hydrazine, a substance that poses both acute and
chronic toxicity hazards. Similarly, inadvertent mixing of formaldehyde (a
common tissue fixative) and hydrogen chloride could result in the
generation ofbis(chloromethyl)ether, a potent human carcinogen.

Exposure to hazardous chemicals can be prevented or minimized by

30
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following the procedures detailed elsewhere in this report, especially
Chapters LA, F, and H. Only the most pertinent measures are stressed in
this chapter.

LB.I ROUTES OF EXPOSURE

Exposure to chemicals may occur by the following routes:

1. inhalation,
2. ingestion,
3. contact with skin and eyes, or
4. injection.

INHALATION

Inhalation of toxic vapors, mists, gases, or dusts can produce poisoning by
absorption through the mucous membrane of the mouth, throat, and lungs
and can seriously damage these tissues by local action. Inhaled gases or
vapors may pass rapidly into the capillaries of the lungs and be carried into
the circulatory system. This absorption can be extremely rapid. The rate
will vary with the concentration of the toxic substance, its solubility in
tissue fluids, the depth of respiration, and the amount of blood circulation,
which means that it will be much higher when the person is active than
when he or she is at rest.

The degree of injury resulting from exposure to toxic vapors, mists,
gases, and dusts depends on the toxicity of the material and its solubility in
tissue fluids, as well as on its concentration and the duration ofexposure.
Chemical activity and. the time. of response after exposure are not
necessarily a measure of the· degree of toxicity. Several chemicals (e.g.,
mercury and its derivatives) and some ofthe common solvents (benzene)
are .cumulative poisons that can produce body damage through exposure
to small concentrations over a long period of time.

The American Conference of Governmental Industrial Hygienists
(ACGIH) produces annual lists of Threshold Limit Values (TLVs@) and
Short Term Exposure Limits (STELs) for common chemicals used in
laboratories. These values are guides, not legal standards, and are defined
as follows:

TLV@ Time-weighted average concentration for a normal 8-hour
workday to which nearly allworkers may be repeatedly exposed without
adverse effect.
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STEL Maximum concentration to which workers can be exposed for
periods up to 15 min. Such exposures should be limited to no more than
four per day with periods of at least 60 min each between exposures; the
total time-weighted exposure per day should not exceed the TLV value.

The 1980 TLVs are appended to this report as Appendix B.
Most of the 1968 TLVs were adopted by OSHA in 1972 as legal

Permissible Exposure Levels (PELs). The basis for selection of the TLVs
appears to be more secure than the justification for the STELs. The TLVs
provide a useful estimate of how much ventilation may be needed in
laboratories where the occupants typically spend most of their working
time.

However, because of the many factors influencing toxicity, each
situation should be evaluated individually and the TLVs used as guidelines
rather than as fine lines between safe and dangerous concentrations.

The best way to avoid exposure to toxic vapors, mists, gases, and dusts
is to prevent the escape of such materials into the working atmosphere and
to ensure adequate ventilation by the use of exhaust hoods and othedocal
ventilation (see Section I.H.2). Chemicals ofunknown toxicity should not
be smelled.

INGESTION

Many of the chemicals used in the laboratory are extremely dangerous if
they enter the mouth and are swallowed (see Section I.F.7).

The relative acute toxicity of a chemical can be evaluated by
determining its LDso, which is defined as the quantity of material that,
when ingested or applied to the skin in a single dose, will cause the death
of 50% of the test animals. It is expressed in grams or milligrams per
kilogram of body weight (see Section I.E.2 for examples ofLDsovalues). In
addition, many chemicals may damage the tissues ofthe mouth, nose,
throat, lungs, and gastrointestinal tract and produce systemic poisoning if
absorbed through the tissues.

To prevent entry of toxic chemicals into the mouth, laboratory workers
should wash their hands before eating, smoking, or applying cosmetics;
immediately after use· of any toxic substance; and before leaving the
laboratory. Food and drink should not be stored or consumed in areas
where chemicals are being used nor should cigarettes, cigars, and pipes be
used in such areas (see Sectionsl.A.2 and 3); chemicals should not be
tasted; and pipetting and siphoning of liquids should never be done by
mouth.
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CONTACT WITH SKIN AND EYES

Contact with the skin is a frequent mode of chemical injury. A common
result of skin contact is a localized irritation (see· Section I.B.4), but an
appreciable number of materials are absorbed through the skin with
sufficient rapidity to produce systemic poisoning. The main portals of
entry for chemicals through the skin are the hair follicles,sebaceous
glands,sweat glandS, and cuts or abrasions of the outer layers of the skin.
The follicles and glands are abundantly supplied with blood vessels, which
facilitates the absorption of chemicals into the body.

Contact of chemicals with the eyes is of particular concern because these
organs are so sensitive to irritants. Few substances are innocuous in
contact with the eyes; most are painful and irritating, and a considerable
number are capable of causing burns and loss of vision. Alkaline materials,
phenols, and strong acids are particularly corrosive and can cause
permanent loss of vision. Also, eyes are very vascular and provide for
rapid absorption of many chemicals.

Skin and eye contact with chemicals should be avoided by use of
appropriate protective equipment (see Sections I.F.1-3). All persons inthe
laboratory should wear safety glasses. Face.shields, safety goggles, shields,
and similar devices provide •better· protection for the·· eyes. Protection
against skin contact may be obtained by use of gloves, laboratory coats,
tongs, and other protective devices. Spills should be cleaned up promptly
(see Section I.F.5).

In the event of skin contact, the affected areas should be flushed with
water· and medical. attention should be sought if symptoms persist; in the
event of eye contact, the eye(s) should be flushed with water for 15 min
and medical attention should be sought whether or not symptoms persist
(see Section LF.6).

INJECTION

Exposure to toxic chemicals by injection seldom occurs in the chemical
laboratory. However, it can inadvertently occur through mechanical injury
from glass or metal contaminated with chemicals or when chemicals are
handled in syringes.

I.B.2 ACUTE AND CHRONIC TOXICITY

The toxicity of a material is due to its ability to damage or interfere with
the metabolism of living tissue. An acutely toxic substance can cause
damage as the result of a single or short-duration exposure. A chronically
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toxic substance causes damage after repeated or long-duration exposure or
that becomes evident only after a long latency period. Hydrogen cyanide,
hydrogen sulfide, and. nitrogen dioxide are examples of acute poisons.
Chronic poisons include all . carcinogens and many metals and their
compounds (such as mercury and lead and their derivatives). Chronic
toxins are particularly insidious because of their long latency periods. The
cumulative effects. of low exposures may not be apparent for many years.
Some chemicals, e.g., vinyl chloride, can be either acutely or chronically
toxic, depending on the degree of exposure. All •new and untested
chemicals should be regarded as toxic until proven otherwise.

I.B.3 EMBRYOTOXINS

Embryotoxins are substances that. act during pregnancy to. cause adverse
effects on the. fetus. These effects include embryolethality (death of the
fertilized egg, the embryo, or the fetus), malformations (teratologic
effects), retarded growth, and postnatal functional deficits.

A few substances have been demonstrated to be embryotoxic in humans.
These include organomercurials, lead. compounds, and the formerly. used
sedative, thalidomide. Maternal alcoholism is probably the leading known
cause of embryotoxic effects in humans, but the exposure to ethanol
encountered in laboratories is unlikely to be embryotoxic. Many sub­
stances, some common (e.g., sodium chloride), have been shown to be
embryotoxic to animals at some exposure level, but usually. this is at a
considerably higher. level than is.met in the course of normal laboratory
work. However, some substances do require special controls because of
embryotoxic properties. One example is formamide; women of child­
bearing potential should handle this substance only in a hood and should
take precautions to avoid skin contact with the liquid because of the ease
with which it passes through the skin.

Because the period of greatest susceptibility to embryotoxins is the first
8-12 weeks of pregnancy, which includes a period when a woman may not
know she is pregnant, women of child-bearing potential should take care
to avoid skin contact with all chemicals. The following procedures are
recommended to be followed routinely by women of child-bearing
potential in working with chemicals requiring special control because of
embryotoxic properties:

1. Each use should be reviewed for particular hazards by the research
supervisor, who will decide whether special procedures are warranted or
whether warning signs should be posted. Consultation with appropriate
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safety personnel may be desirable. In cases of continued use of a known
embryotoxin, the operation should be reviewed annually or whenever a
change in procedures is made.

2. Embryotoxins requiring special. control. should be stored in an
adequately ventilated area. The container should be. labelled in a clear
manner such as the following: EMBRYOTOXIN: READ SPECIFIC

PROCEDURES FOR USE. If the storage container is breakable, it should be
kept in an impermeable, unbreakable secondary container having sufficient
capacity to retain the material should the primary container accidentally
break.

3. Women of child-bearing potential should take adequate precautions
to guard against spills and splashes. Operations should be carried out using
impermeable containers and in adequately ventilated areas (see Chapter
I.H). Appropriate safety apparel (see Sections I.F.I-3), especially gloves,
should be worn. All hoods, glove boxes, or. other essential engineering
controls should be known to be operating at required efficiency before
work is started (see Section I.H.2).

4. Supervisors should be notified ofall incidents of exposure or spills of
embryotoxins requiring special control. A qualified physician should be
consulted about any exposures of women of child-bearing potential above
the acceptable level, i.e., any skin contact or any inhalation.

I.BA ALLERGENS

A wide variety of substances can produce skin and lung hypersensitivity.
Examples include such common substances as diazomethane, chromium,
nickel, bichromates, formaldehyde, isocyanates, and certain phenols.
Because of this variety and because of the varying response of individuals,
suitable gloves should be used whenever hand contact with products of
unknown activity is probable (see Section I.F.2).

I.B.5 CORROSIVE CHEMICALS

The major classes of corrosive chemicals are strong acids and bases,
dehydrating agents, and oxidizing agents. Some chemicals, e.g., sulfuric
acid, belong to more than one class. Inhalation of vapors or mists of these
substances can cause severe bronchial irritation. These chemicals erode the
skin and the respiratory epithelium and are particularly damaging to the
eyes.
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STRONG ACIDS

All concentrated strong acids can damage the skin and eyes.. Exposed areas
should be flushed promptly with water. Nitric, chromic, and hydrofluoric
acids are especially damaging because of the types of burns they. inflict.
Hydrofluoric acid, which produces slow-healing, painful burns, should be
used· only after. thorough familiarization with recommended handling
procedures (see page 43) .

STRONG BASES

The common strong bases· are potassium hydroxide, sodium hydroxide,
and ammonia. Ammonia is a severe bronchial. irritant and should always
be used in a well-ventilated area. The metal hydroxides are extremely
damaging to the eyes. Should exposure occur, the affected areas should be
washed at once with copious quantities of water and an opthalmologist
should evaluate the need for further treatment.

DEHYDRATING AGENTS

The strong dehydrating agents include concentrated sulfuric acid, sodium
hydroxide, phosphorus pentoxide, and calcium oxide. Because much heat
is evolved on mixing these substances with water, mixing should always be
done by adding the agent to water to avoid violent reaction and spattering.
Because of their affinity for water, these substances. cause severe bums on
contact. with the skin. Affected areas should be washed promptly with
large volumes of water.

OXIDIZING AGENTS

In addition to their corrosive properties, powerful oxidizing agents such as
perchloric and chromic acids (sometimes used as cleaning solution),
present fire and explosion hazards on contact with organic.compounds and
other oxidizable substances. The hazards associated with the use of
perchloric acid are especially severe (see also Section I.C.3); it should be
handled only after thorough familiarization with recommended proce­
dures. Strong oxidizing agents should be stored and used in glass or other
inert containers (preferably unbreakable), and corks and rubber stoppers
should not be used. Reaction vessels containing significant quantities of
these reagents should be heated by using fiberglass mantles or sand baths
rather than oil baths.
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I.B.6 TYPES OF HANDLING PROCEDURES
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Recommendations for handling procedures for chemicals begin with the
admonition that, even for substances of no known significant hazard, it is
prudent to observe good laboratory practice, minimizing exposure by
working in an exhaust hood and wearing eye and hand protection and a
laboratory coat or apron. For the case of substances that present special
hazards, we call attention to the following procedures for minimizing risk.

For toxic substances, the procedures fall into three groups:

1. OSHA has published detailed procedures (29CFR 1910; compare
also 45 Fed. Reg. 5002-5296) for working with substances they have
classified as carcinogens.. These standards are more stringent than the
guidelines given in this report as Procedure A (see Section I.B.8). Anyone
contemplating work with materials. on this ·list should consult the
regulations to be advised .of the necessary approvals, training, working
conditions, monitoring, record-keeping, and medical. surveillance. In
addition, if a worker anticipates that an OSHA-regulated carcinogen
might be a product or an impurity, the regulations should be consulted;
e.g., N-phenyl-l,4-benzenediamine (semidine) can contain substantial
benzidine impurity.

The OSHA list as of the date of this writing includes the following:

2-Acetylaminofiuorene
Acrylonitrile
4-Aminobiphenyl
Asbestos
Benzidine
Bis(chloromethyl)ether
3,3'-Dichlorobenzidine (and its salts)
4-Dimethylaminoazobenzene
Ethylenimine
Inorganic arsenic
Methyl chloromethyl ether
4,4'-Methylene-bis(2-chloroaniline)
a-Naphthylamine
~"Naphthylamine

4-Nitrobiphenyl
N-Nitrosodimethylamine
~-Propiolactone
Vinyl chloride
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[In addition, the International Agency for Research on Cancer has
published a list of 54 chemicals they consider to pose a carcinogenic risk
(Chemicals and Industrial Processes Associated with Cancer in Humans;
International Agency for Research on Cancer: Lyon; Sept. 1979, Mono­
graphs Supplement 1.), and the Environmental Protection Agency has
published a preliminary list of about 80 substances to be subject to labeling
requirements under the Toxic Substances Act of 1976 (45 Fed. Reg.
42,854).]

2. Procedure A (see Section I.B.8) should be followed in laboratory
operations using those substances believed to be· moderately to highly
toxic, even when used in small amounts. A substance that has caused
cancer in humans or has shown high carcinogenic potency in test animals
(but for which a regulatory standard has not been issued by OSHA) will
generally require the use of Procedure A. However, before choosing
Procedure A, other factors, such as the physical form and volatility of the
substance, the kind and duration of exposure,and the amount to be used
should also be considered.

A substance is deemed to have moderate to high carcinogenic potency in
test animals if it causes statistically significant tumor incidence (a) after
inhalation exposure of 6-7 hours per day, 5 days per week, for a significant
portion of a lifetime to dosages of less than 10 mg!m3, or (b) after repeated
skin application of less than 300 (mglkg of body weight) per week, or (c)
after oral dosages ofless than 50 (mglkg of body weight) per day.

3. Procedure B (see Section I.B.7) should be followed in laboratory
operations using substances for which infrequent, small quantities do not
constitute a significant carcinogenic hazard but which can be dangerous to
those exposed to high concentrations or repeated small doses. A substance
that is not known to cause cancer in humans, but which has shown
statistically significant, but low, carcinogenic potency in animals, generally
should be handled according to Procedure B.

Many of the general recommendations for safe practices in the
laboratory are especially applicable to the handling of corrosive sub­
stances. It is also important that attention be given to the use of protective
apparel and safety equipment (see Chapter I.F). In addition, the storage,
disposal, and cleanup of corrosive substances requires special care (see also
Chapters II.B, D, and E). Bottles of corrosive liquids should be stored in
acid containers or in polyethylene or lead trays or containers large enough
to contain the contents of the bottles; most major suppliers will provide
acids in plastic-coated glass bottles, which are much less likely to break
than ordinary bottles. To ensure that mutually reactive chemicals cannot
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accidentally contact one another, such substances should not be stored in
the same trays unless they are in unbreakable, corrosion-resistant
secondary containers. In disposal of corrosive substances, care must be
taken not to mix them with other potentially reactive wastes. In most
cases, spills involving these substances should be contained, carefully
diluted with water, and then neutralized (see Section n.E.6).

I.B.7 GENERAL PROCEDURES AND PRECAUTIONS FOR
WORKING.WITH SUBSTANCES OF MODERATE CHRONIC
OR HIGH ACUTE TOXICITY (PROCEDURE B)

Before beginning a laboratory operation, each worker is strongly advised
to consult one· of the standard compilations (see Section LEA) that list
toxic properties of known substances and learn what is known about the
substances that will be used. The precautions and procedures described
below (termed Procedure B in this report) should be followed if any of the
substances to be used in significant quantities is known to be moderately or
highly toxic.· (If any of the substances being used is known to be highly
toxic, it is desirable that there be two people present in the area at all
times.) These procedures should. also be followed if the toxiCOlogical
properties of any of the substances being used or prepared are unknown. If
any of the substances to be used or prepared are known to. have high
chronic toxicity (e.g., compounds of heavy metals and strong carcinogens),
then the precautions and procedures described below should be supple­
mented with additional precautions (termed Procedure A in this report;
see Section 1.B.8) to aid in. containing and, ultimately,destroying
substances having high chronic toxicity.

The overall objective of· Procedure B is to minimize exposure of the
laboratory worker to toxic substances, by any route of exposure, by taking
all reasonable precautions. Thus, the general precautions outlined in other
chapters (especially LA, F, and H) should normally be followed whenever
a toxic substance is being transferred from one container to another or is
being subjected to some chemical or physical manipulation. The following
three precautions should always be followed:

1. Protect the hands and forearms by wearing either gloves and a
laboratory coat or suitable long gloves (gauntlets) (see Section I.F.2) to
avoid contact of toxic material with the skin.

2. Procedures involving volatile toxic substances and those involving
solid or liquid toxic substances that may result in the generation of
aerosols should be conducted in a>hood or other suitable containment
device (see Sections LH.2, 4, and 5). (The hood should have been
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evaluated previously to estaQlish thatit is providing adequate ventilatipn
and has an average face velocity of not less than 60 linear ft/min.)

3. After working with toxic <materials, wash the hands and arms
immediately. Never eat, drink, .smoke, chew gum,apply cosmetics, take
medicine, or store food in areas where toxic substances. are being used.

These standard precautions will provide laboratory workers with good
protection from most toxic substances. In addition, records that include
amounts of material used and.names of workers involved should be kept.as
part of the laboratory notebook record of the experiment. To minimize
hazards from accidental breakage of apparatus or spills of toxic substances
in the hood, containers of such substances should be stored in pans or
trays made of polyethylene or. other chemically resistant· material and
apparatus should be mounted above trays of the same type of material.
Alternatively, the· working surface of the hood can be •• fitted with a
removable liner of adsorbent plastic-backed paper. Such· procedures will
contain spilled toxic substances in a pan, tray, or adsorbent liner and
greatly simplify subsequent cleanup and disposal. Vapors that· are
discharged from the apparatus should be trapped or condensed to avoid
adding substantial amounts of toxic vapor to the hood exhaust air. Areas
where toxic substances are being used and stored should have restricted
access, and special· warning signs should be posted if. a special. toxicity
hazard exists.

The .general waste-disposal procedures described .in this .report (see
Chapter II.E) should be followed. However, certain additional precautions
should be observed when waste materials are known to cor.tain substances
of moderate or high toxicity. Volatile< toxic substances .should never be
disposed of by evaporation in the hood.. If practical, waste materials and
waste solvents containing toxic substances should be decontaminated
chemically by some procedure that can reasonably be expected to convert
essentially all of the toxic. substance to nontoxic substances.•If chemical
decontamination is not feasible, the. waste materials and solvents contain­
ing toxic substances. should be stored in closed, impervious containers so
that personnel handling the containers will not be exposed to their
contents. In general, liquid residues should be contained in glass or
polyethylene bottles half-filled with vermiculite. In some institutions,
nonreactive liquids are incinerated in a solvent burner. In such cases, it
may be appropriate to add used motor oil to reduce flammability and
vermiculite or other solids should not be added. All containers of toxic
wastes should be suitably labeled to indicate the contents (chemicals and
approximate amounts) and the type of toxicity hazard that contact may
pose. For example, containers of wastes from experiments involving
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appreciable amounts of weak or moderate carcinogens should carry the
warning: CANCER-SUSPECT AGENT. All wastes and residues that have not
been chemically decontaminated in the exhaust hood where the experi­
ment was carried out should be disposed of in a safe manner that ensures
that personnel are not exposed to the material (typically by incineration;
see Section II.G.t).

The laboratory worker should be prepared for possible accidents or
spills involving toxic substances. If a toxic substance contacts the skin, the
area should be. washed well with water or a safety shower should be used.
If there is a major spill outside the hood, the room or appropriate area
should be evacuated and necessary measures (see Section II.E.6) to prevent
exposure of other workers should be taken. Spills should be cleaned up by
personnel wearing suitable personal protective apparel (see SectionLF.3).
If a spill of a toxicologically significant quantity of toxic material occurs
outside the hood, a supplied-air full-face respirator should be worn.
Contaminated clothing and shoes should be thoroughly decontaminated or
incinerated.

EXAMPLES

DnSOPROPYL FLUOROPHOSPHATE

Diisopropyl fluorophosphate(DFP) is a valuable reagent. in biochemical
laboratories •because it is an effective in vitro inhibitor of serine-type
proteolytic enzymes useful in curtailing destruction of proteins.

Physical Properties

DFP is a viscous liquid having a vapor pressure of 0.579 mm Hg at 20°C.
It is soluble in water (1.54% v, w/w), but decomposes in this medium
at a finite rate to form hydrofluoric acid.

Toxicity

DFP, as well as the organophosphorus. insecticides, reacts with acetylcho­
linesterase to form covalent derivatives, which leads to inactivation of the
enzyme and the accumulation of acetylcholine. Fortunately, the toxic
effects respond to treatment if the proper antidotes are immediately
available.

DFP is absorbed by inhalation, ingestion, or topical contact. It causes
pin-point pupils in those affected, as well as severe lacrymation and
rhinitis. Contact with skin can lead to localized fasciculations of the
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muscles nearby. Other symptoms of exposure include weakness, wheezing,
and tachycardia. Severe intoxication is evidenced by ataxia, confusion,
convulsions, and respiratory paralysis leading to death.

Handling Procedures

DFP •should be obtained· in ampules containing the minimum amount
necessary for use; the reagent is not expensive, and excess material should
be neutralized and disposed of in a safe manner. Ampules containing 0.1,
0.4, andl.Og are available. The ampules should be opened in a hood using
great care to avoid splatter or in a glove box equipped with a HEPA filter.
Protective apparel should include disposable gloves and a face shield.

A large container of 2 NNaOH should be available wherever DFP is
being used so that the entire ampule, if necessary, can be discarded into it;
decomposition of DFP is relatively rapid in basic solution. Once the
ampule has been opened, the required amount of DFP should be
withdrawn with a disposable syringe and used immediately. The opened
ampule and gloves and other items that have come in contact with the
DFP should be washed with base before disposal. Any spills that occur
should be neutralized with excess base before they are cleaned up.

Solutions of DFP should be handled only under conditions that provide
adequate ventilation. Most cold rooms, for example, are not adequately
ventilated. All solutions of DFp· should be kept in tightly stoppered
containers. After such solutions have served their purpose, they should be
made alkaline to ensure complete decomposition of any remaining DFP
before disposal.

Emergency Treatment

Treatment consists of immediate administration of atropine followed by a
specific antidote, pyridine-2-aldoxime (2-PAM; pralidoxime chloride;
commercially available as Protopam Chloride). Atropine is used to block
certain receptors upon which acetylcholine acts while pyridine-2-aldoxime
reactivates the covalently modified acetylcholinesterase. Both drugs should
be on hand in any laboratory in which DFP is used, and medical assistance
must be readily available.

The keys to safety in handling DFPare an appreciation of its toxicity,
the presence of adequate ventilation, a solution of base in case of spillage
and for discarding all implements in contact with the reagent, and the
presence at the site of the two antidotes.
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HYDROFLUORIC ACID

All forms- dilute or concentrated solutions or the vapor- of hydrofluoric
acid (HF) cause severe burns. Inhalation of anhydrous HF or HF mists or
vapors can cause severe respiratory tract irritation that may be fatal.

Physical Properties

Anhydrous HF (formula weight 20.01) is a clear, colorless liquid that boils
at 19SC. Because of its low boiling point and high vapor pressure,
anhydrous HF must be stored in pressure containers. A 70% aqueous
solution is a common form ofHF. Hydrofluoric acid is miscible with water
in all proportions and forms an azeotrope (38.3% HF) that boils at 112°C.

Toxicity

Anhydrous or concentrated aqueous HF causes immediate and serious
burns to any part of the body. Dilute solutions and gaseous HF are also
harmf~l, although several hours may pass before the HF penetrates the
skin sufficiently to cause redness or a burning sensation.

Wearing clothing (including leather shoes and gloves) that has absorbed
small amounts of HF can result in serious delayed effects such as painful,
slow-healing skin ulcers.

Hazards from Fire or Explosion

Hydrofluoric acid is nonflammable. It is difficult to contajn because it
attacks glass, concrete, and some metals-=especially cast iron and alloys
that contain silica. It also attacks such organic materials as leather, natural
rubber, and wood. Because aqueous HF can cause formation of hydrogen
in metallic containers and piping, which presents a fire and explosion
hazard, potential sources of ignition (sparks and flames) should be
excluded from areas having equipment containing HF.

Handling Procedures

It is crucial to ensure adequate ventilation by working only in a hood so
that safe levels (3 ppm) are not exceeded. All contact of the vapor or the
liquid with eyes, skin, respiratory system, or digestive system must be
avoided by using protective equipment such as face shields and neoprene
or polyvinyl chloride gloves. The protective equipment should be washed
after each use. to remove any HF on it. Safety showers and eyewash
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fountains should be nearby. Anyone working wi~h HF should have
received prior instruction about its hazards and in proper protective
measures and should know the recommended procedure for treatment in
the event of exposure (Reinhardt, C. F. et al.; Am. Ind. Hyg. Assn. J.,
1966,27, 166.).

Spills and Leaks-The vapors of both anhydrous HF and aqueous 70%
HF produce visible fumes if they contact moist air. This characteristic can
be useful in detecting leaks but cannot be relied on because of atmospheric
variations. Spills of HF must be treated immediately •to minimize the
dangers of vapor inhalation, body contact, corrosion of equipment, and
possible generation of hazardous gases. Spills should be contained and
diluted with water. The resulting solution should be neutralized with lime
before disposal.

Waste disposal-Waste HF may be added slowly to a larger volume of
an agitated solution of slaked lime. This neutralized solution is then added
to excess running water before final disposal. Because sodium fluoride is
highly soluble and toxic to warm-blooded animals, lime is the preferred
neutralizing agent.

Emergency Treatment

Anyone who knows or even suspects that he or she has come. into direct
contact with HF should immediately flush the exposed area with large
quantities of cool water. Exposed clothing should be removed as quickly as
possible while flushing. Medical attention should be obtained promptly,
even if the injury appears slight. On the way to the physician, the burned
area should be immersed in a mixture of ice and water or, if readily
available, an iced solution of benzalkonium chloride. (It maybe necessary
to remove the area being soaked from the solution periodically to relieve
discomfort caused by the cold.) If immersion is impractical, a compress
made by inserting ice cubes between layers of gauze should be used.

If HF liquid or vapor has contacted the eyes, these organs should. be
flushed with large quantities of clean water while the eyelids are held
apart. This flushing should be continued for 15 min. Medical attention
should be obtained promptly.

Anyone who has inhaled HF vapor should be removed immediately to
an uncontaminated atmosphere and kept warm. Medical help should be
obtained promptly. Anyone who has ingestedHF should drink a large
quantity of water as quickly as possible. Do not induce vomiting. Again,
medical help. should be obtained promptly. After the acid has. been
thoroughly diluted with water, if medical attention is delayed, the person
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should be given milk or two fluid ounces of milk of magnesia to drink to
sooth the burning effect.

HYDROGEN CYANIDE

The procedures given below are appropriate for the safe use of hydrogen
cyanide (HCN) and related compounds (e.g., cyanogen and cyanogen
halides) that may release cyanide ion or cyanogen or generate HCN when
acidified (e.g., sodium or potassium cyanide). The use of the term HCN in
these procedures is intended to be specific for hydrogen cyanide and to
indicate general applicability to related compounds. All users of HCN
should study or be instructed in HCN procedures before starting to work
with this material.

Physical Properties

See Safety Data Sheet (Section I.E.2).

Toxicity

See Safety Data Sheet (Section I.E.2).

Hazards from Fire, Explosion, or Uncontrolled Polymerization

Because of its low flash point and wide range of explosive mixtures, HCN
presents a serious fire and explosion hazard. Another often overlooked
hazard is spontaneous polymerization, which results from the attack of
cyanide ion on HCN. The reaction is unpredictable, but may occurin pure
unstabilized HCN·if a base is present. Hence, amines, hydroxides, and
cyanide salts that are capable of producing the cyanide ion should not be
added to liquid HCN without suitable precautions. Once started, the
polymerization is likely to become violent and be accompanied by sharp
increases in temperature and pressure. If liquid HCN is heated above
115°C in a sealed vessel, a violent exothermic reaction generally occurs.

Commercial HCN is normally stabilized by the addition of a little
phosphoric acid, although sulfuric acid or sulfur dioxide may be used also.
Either acid may be removed readily by distillation, but sulfur dioxide is
extremely difficult to remove. Distilled HCNconstitutes a greater
explosion hazard than stabilized materials, so use of the distilled material
should be avoided.
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Handling Procedures

All work with HCN must be confined to hoods, which should have a
minimum face velocity of 60 Ifm. Care must be exercised to prevent the
contact of either liquid HCN or its vapors with the skin. Neoprene or
rubber gloves should be worn at all times when working with HCN.
Whenever work with HCN or related compounds is being carried out in a
laboratory, there should be at least two people present in the area at all
times.

Signs warning that HCN is in use should be posted at each entrance to
the laboratory area whenever work is being done withHCN. WARNING or
NO ADMITIANCE signs should be posted on the doors to fan lofts and roofs
whenever cyanides are being used or stored in hoods.

All reaction equipment in which cyanides are used or produced should
be placed in or over shallow pans so that spills or leaks will be contained.
In the event of spills of HCN or cyanide solutions, the contaminated area
should be evacuated promptly and it should be determined immediately
whether anyone has been exposed to cyanide vapors or liquid splash.
Consideration should be given to the need for evacuating other parts of the
building or notifying other occupants that the spill has occurred. In
general, it is usually best not to attempt to dilute or absorb such spills if
they occur in well-ventilated areas.

Detection-Hydrogen cyanide has a characteristic odor that resembles
that of bitter almonds; however, many people cannot smell it in low
concentrations, and this method of detection should not be relied on.
Vapor-detector tubes sensitive to 1 ppm ofHCN are available commercial­
ly. The presence oUree cyanide ion in aqueous solution may be detected by
treating an aliquot of the sample with ferrous sulfate and an excess of
sulfuric acid. A precipitate of Prussian blue indicates that free cyanide ion
is present.

Sodium cyanide and acids should not be stored or transported together.
An open bottle of NaCN can generate HCN in humid air, and HCN may
be liberated from spills of sodium cyanide solutions.

Storage and dispensing-Storage of liquid HeN (except in commercial
cylinders) in laboratory areas should .be prohibited without special
permission. If such storage is necessary, it must be in an exhaust hood or a
barricaded area that has independent ventilation facilities. Liquid HCN is
dispensed from cylinders. Only trained personnel should. be permitted to
operate the dispensing equipment.

Waste disposal-Hydrogen cyanide and waste solutions containing
cyanides must not be emptied into the sewer nor left to evaporate in an
exhaust hood. The most effective way to dispose of such material is to
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dilute it with an equal amount of alcohol and burn it in a solvent
incinerator.

Emergency Treatment

The following equipment and procedures are recommended:

Equipment--An HCN first aid kit and an oxygen cylinder equipped
with pressure gage and needle valve should be available on. any floor of a
building on which work with cyanides is in progress. In special cases, first
aid kits and oxygen cylinders maybe located near the work area but they
should not be in the same room. Except when the cylinder is being used or
checked, the main cylinder valve should be kept closed and the pressure
kept off the gage. A tag should be attached to the oxygen cylinder
indicating that it is reserved for emergency HCN first aid.

The HCN first aid kit should contain a box of amyl nitrite pearls, a
facepiece and length of rubber tubing for administering oxygen, and a
bottle of 1% sodium thiosulfate solution.

Procedures-Anyone who has been exposed to HCN should be removed
from the contaminated atmosphere immediately.. Any contaminated
clothing should be removed and the affected area deluged with water. The
person should be kept warm. An amyl nitrite pearl should be held under
the person's nose for not more than 15 s/min(excess nitrite will reduce the
blood pressure), and oxygen should be administered in the intervals. If the
person is not breathing, artificial resuscitation should be begun; when
breathing starts,amyl nitrite and oxygen· should be administered immedi­
ately. If HCN has been ingested, the person should be given one pint of
1% sodium thiosulfate and then soapy water or mustard water to induce
vomiting. Such cases must be transported to definitive medical care
immediately.

I.B.8 ADDITIONAL PROCEDURES AND PRECAUTIONS FOR
WORKING WITH SUBSTANCES OF KNOWN HIGH CHRONIC
TOXICITY (PROCEDURE A)

All of the procedures and precautions described above should be followed
when working with substances known to have high chronic toxicity
(Procedure B). In addition, when such substances are to be used in
quantities in excess of a few milligrams to a few grams (depending on the
hazard posed by the particular substance), the additional precautions
described below (termed Procedure A) should be used. Each laboratory
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worker's plans for experimental work and for disposing of waste materials
should be approved by the laboratory supervisor. Consultation with the
departmental safety coordinator may be appropriate to ensure that the
toxic material is effectively contained during the experiment and that
waste materials are disposed of in a safe manner. Substances in this high­
chronic-toxicity category include certain heavy metal compounds (e.g.,
dimethylmercury and nickel carbonyl) and compounds normally classified
as strong carcinogens. Examples of compoundsfrequently considered to be
strong carcinogens include the following: benzo[a]pyrene;.3-methylcholan­
threne; 7,12-dimethylbenz[a]anthracene; dimethylcarbamoyl chloride;
hexamethylphosphoramide;l-nitronaphthalene; propane sultone; many N­
nitrosamines; many N-nitrosamides; bis(chloromethyl)ether; aflatoxin Bl;
and 2-acetylaminofluorene.

An accurate record of the amounts of such substances being stored and
of the amounts used,datesof use, and names of users should be
maintained. It may· be. appropriate to keep such records· as part of the
record of experimental work in the laboratory. workers' research note­
books, but it must be understood that the research supervisor is
responsible for ensuring that accurate records are kept. Any volatile
substances having high chronic toxicity should be stored in a ventilated
storage area ina secondary tray or container. having sufficient capacity to
contain the material should the primary container accidentally break. All
containers of substances in this category should have labels that identify
the contents and include a warning such as the following: WARNING! HIGH

CHRONIC. TOXICITY or CANCER-SUSPECT AGENT. Storage areas for
substances in this category should have limited access, and special signs
should be posted if a. special toxicity hazard. exists. Any area used for
storage of substances of high chronic toxicity should be maintained under
negative pressure with respect to surrounding areas.

All experiments with and transfers of such substances or mixtures
containing such substances should be done in a controlled area (see
Chapter I.H). (NOTE: A controlled area as defined in this report is a
laboratory, a portion of a laboratory, or a facility such as an exhaust hood
or a glove box that is designated forthe use of highly toxic substances. Its
use need not be restricted to the handling of toxic substances if all
personnel who have access to the controlled area are aware of the nature of
the substances being used and the precautions that are necessary.) When a
negative-pressure glove boxin which work is done through attached gloves
is used, the ventilation rate in the glove box should be at least two volume
changes per hour, the pressure should beat least 0.5 in. of water lower
than that of the external environment, and the exit gases should be passed
through a trap or HEPA filter. Positive-pressure glove boxes are normally
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used to provide an inert anhydrous atmosphere. If these glove boxes are
used with highly toxic compounds, then the box should be thoroughly
checked for leaks before each use and the exit gases should be passed
through a suitable trap or filter. Laboratory. vacuum pumps used with
substances •having high chronic toxicity should be protected by high­
efficiency scrubbers. or HEPA filters and vented into an exhaust hood.
Motor-driven vacuum pumps are recommended because they are easy to
decontaminate (Note: decontamination of a vacuum pump should be
carried out in an exhaust hood). Controlled areas should be clearly marked
with a. conspicuous sign such as the following: WARNING: TOXIC SUB­

STANCE IN USE or CANCER-SUSPECT AGENT: AUTHORIZED PERSONNEL

ONLY. Only authorized and instructed personnel should be allowed to
work in or have access to controlled areas.

Proper gloves (see Section I.F.3 and Table 3) should be worn when
transferring or otherwise handling substances or solutions of substances
having high chronic toxicity. In some cases, the laboratory worker or the
research supervisor may deem it advisable to use other protective apparel
(see Chapter I.F), such as an apron of reduced permeability covered by a
disposable coat. Extreme precautions such as these might be taken, for
example, when handling large amounts of certain heavy metals and their
derivatives .or compounds known to be potent carcinogens. Surfaces on
which high-chronic-toxicity substances are handled should be protected
from i..'ontamination by using chemically resistant trays or pans that can be
decontaminated after the experiment or by using. dry, absorbent, plastic­
backed paper that can be disposed of after use (see Chapter II.E).

On leaving a controlled. area, laboratory. workers should remove any
protective apparel that has been •used and thoroughly wash hands,
forearms, face, and neck. Ifdisposable apparel or absorbent paper liners
have been used, these items should be placed in a closed. and impervious
container that should then be labeled in some manner such as the
following: CAUTION: CONTENTS CONTAMINATED WITH SUBSTANCES OF

HIGH CHRONIC TOXICITY. Nondisposable protective apparel should be
thoroughlywashed, and containers of disposableappare1 and paper liners
should be incinerated.

Wastes and other contaminated materials from an experiment involving
substances of high chronic toxicity should be collected together with the
washings from flasks and such and either decontaminated chemically or
placed in closed, suitably labeled containers for incineration away from the
controlled area. If chemical decontamination is to be used, a method
should be chosen that can reasonably be expected to convert essentially all
of the toxic materials into nontoxic materials. For example, residues and
wastes from experiments in which l3-propiolactone, bis(chloromethyl)-
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ether, or methyl chloromethyl ether have been used should be treated for
10 min with concentrated aqueous ammonia.

In the event that chemical decontamination is not feasible, wastes and
residues should be placed in an impervious container that should be closed
and labeled in some manner such as the following: CAUTION: COMPOUNDS

OF HIGH CHRONIC TOXICITY or CAUTION: CANCER-SUSPECT AGENT.

Transfer of contaminated wastes from the controlled area to· the
incinerator should be done under the supervision of authorized personnel
and in such a manner as to prevent spill or loss. In general, liquid wastes
containing such compounds should be placed in glass or polyethylene
(usually preferable) bottles half filled with vermiculite and these should be
transported in plastic or metal pails of sufficient capacity to contain the
material in case of accidental breakage ofthe primary container.

Normal laboratory work should not be resumed in a space that has been
used as a controlled area until it has been adequately decontaminated.
Work surfaces should be thoroughly washed and rinsed. If experiments
have involved the use of finely divided solid materials, dry sweeping should
not be done. In such cases, surfaces should be cleaned by wet mopping or
by use of a vacuum cleaner equipped with a high efficiency particulate air
(HEPA) filter. All equipment (e.g., glassware, vacuum traps, and
containers) that is known· or suspected to have been in contact with
substances of high chronic toxicity should be washed and rinsed before
they are removed from the controlled area.

In the event of continued experimentation with a substance of high
chronic toxicity (i.e., if a worker regularly uses toxicologically significant
quantities of such a substance three times a week), a qualified physician
should be consulted to determine· whether it is advisable to establish a
regular schedule of medical surveillance or biological monitoring.

In addition to those substances, procedures, and precautions discussed
in this section, certain state and federal regulatory. agencies have listed
substances whose use and disposal is regulated. These lists of regulated
substances are usually accompanied by specific requirements for use and
disposal. The lists of substances and the requirements for use and disposal
are changing frequently. Because compliance with these regulations is
required by. law, every departmental safety coordinator and all research
supervisors should know the current lists of regulated substances and the
requirements for their use and disposal.
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BENzo[a]PYRENE (3,4-benzpyrene)

Although the information given below applies specifically to benzo[a]­
pyrene, the general precautions and procedures are also applicable to other
carcinogenic polycyclic aromatic hydrocarbons.

Physical and Chemical Properties

Benzo[a]pyrene is a pale yellow crystalline solid that melts at 176-177"C
and boils at310-312°C/I0 mm. It is readily soluble in benzene, toluene,
xylene, and acetone. It is sparingly soluble in ethanol and methanol and
almost insoluble (0.005 mgll at 27°C) in water. Benzo[a]pyrene is light
labile and is oxidized by chromic acid and by ozone. [See also Safety Data
Sheet (Section I.E.2).]

Toxicity

Benzo[a]pyrene is a potent carcinogen and has produced tumors in all of
the at least nine species for which experimental tests have been reported.
Both local (skin and subcutaneous tissues) and systemic (lung and liver)
carcinogenic effects have been observed. Tumors have resulted from
topical application to the sk!n, oral administration, and parenteral
injection. Benzo[a]pyrene is also mutagenic in systems that possess mixed
function oxidase systems for metabolism of the hydrocarbon. [See also
Safety Data Sheet (Section I.E.2).]

Handling Procedures

All work with benzo[a]pyrene in quantities in excess of a few milligrams or
capable-of resulting in the formation of aerosols should be carried out in a
well-ventilated hood or in a glove box equipped with a HEPA filter. All
work should be carried out in apparatus that is. contained in or mounted
above unbreakable pans that will contain any spill, except that, for very
small amounts, a disposable mat may be adequate to contain possible
spills. All containers should bear a label such as the following: CANCER­
SUSPECT AGENT. All personnel who handle benzo[a]pyrene should wear
plastic or latex gloves and a fully buttoned laboratory coat.

Storage and use-All bottles of benzo[a]pyrene should be stored and
transported in unbreakable outer containers.

Cleanup ofspills and waste disposal-Disposal of benzo[a]pyrene is best
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carried out by oxidation; this can be accomplished by high-temperature
incineration or by the use of strong oxidants such as chromic acid cleaning
solution. The latter procedure is especially applicable to small residues on
glassware and such. For incineration of liquid wastes, solutions should be
neutralized if necessary, filtered to remove solids, and put in a polyethyl­
ene container for transport. All equipment should be thoroughly •rinsed
with solvent to decontaminate it, and this solvent should be added to the
wastes to be incinerated. Great care should be exercised to prevent
contamination of the outside of the solvent container.

Solid reaction wastes should be incinerated or decomposed by other
oxidation procedures. Alternatively, solid reaction wastes can be extracted
with solvent that is .added to .other liquid waste for incineration. Any
contaminated rags, paper, and such should be incinerated.• Contaminated
solid materials should be enclosed in sealed plastic bags that are labeled
CANCER-SUSPECT AGENT and with the name and amount of the
carcinogen. The bags should be stored in a well-ventilated area until they
are incinerated.

MERCURY AND ITS COMPOUNDS

Metallic mercury (Hg) is widely used in laboratory instruments, and
mercury compounds are used in many laboratory experiments.

Physical Properties

Mercury (atomic weight 200.61) is a heavy, silvery white, shining metal
that is liquid at ordinary room temperatures. It has a melting point of
- 38.9°C, a boiling point of 356.9°C, and a specific gravity of 13.595 at 4°C.
It is insoluble in water. Its vapors are colorless, odorless, and tasteless.

Toxicity

Metallic Hg and mercury compounds can be absorbed into the body by
inhalation, ingestion, or contact with the skin. Mercury isa subtle poison,
the effects of which are cumulative and not readily reversible. The
maximum exposure level (time-weighted average) for mercury compounds
is 0.05 mg/m3; the TLV for organic mercury compounds is 0.001 ppm.

Mercury poisoning from exposure by chronic inhalation produces a
variety of symptoms. The characteristic effects are emotional disturbances,
unsteadiness, inflammation of the mouth and gums, general fatigue,
memory loss, and headaches. Kidney damage may result from poisoning
by mercurical salts.
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In most cases of exposure by chronic inhalation, the symptoms of
poisoning gradually disappear when the source of exposure is removed.
However, improvement may be slow and complete recovery may take
years. Skin contact with mercury compounds produces irritation and
various degrees of corrosion. Soluble mercury salts can be absorbed
through the intact skin and produce poisoning.

Handling Procedures

Every effort should be made to prevent spills of metallic Hg because the
substance is extremely difficult and time consuming to pick up. Droplets
get into cracks and crevices, under table legs, and under and into
equipment. If spills are frequent and Hg is added to the general air level,
the combined concentration may exceed the allowable limits.

Storage--Containers ofHg should be kept closed and stored in
secondary containers in a well-ventilated area. When breakage of
instruments or apparatus containing Hg is a possibility, the equipment
should be placed in an enameled or plastic tray or pan that can be cleaned
easily and is large enough to contain the Hg. Transfers of Hg from one
container to another should be carried out in a hood, over a tray or pan to
confine any spills.

Cleanup of Spills-Pools and droplets of metallic Hg can be pushed
together and then collected by suction by using an aspirator bulb or a
vacuum device made from a filtering flask, a rubber stopper, and several
pieces of flexible and glass tubing. Alternatively, mercury-spill cleanup kits
are available commercially or small drops can be picked up on cellophane
tape. A mercury-vapor analyzer should be available for determining the
effectiveness ofthe cleanup operation.

If Hg has been spilled on the floor, the workers involved in cleanup and
decontamination activities should wear plastic shoe covers. When the
cleanup is complete, the shoe covers should be disposed ofand the workers
should thoroughly wash their hands, arms, and face several times.

Spilled mercury compounds or solutions can be cleaned up by any
method that does not cause excessive airborne contamination or skin
contact.

Waste Disposal-Significant quantities of metallic Hg from spills or
broken thermometers or other equipment and contaminated Hg from
laboratory activities should be collected in thick-walled high-density
polyethylene bottles for reclamation.

Rags, sponges, shoe covers, and such. used in cleanup activities, and
broken thermometers containing small amounts of residual mercury,
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should be placed in a sealed plastic bag, labeled, and disposed of in a safe
manner.

N-NITROSODIETHYLAMINE (DIETHYLNITROSAMINE)

Although the information given below applies specifically to N-nitrosodie­
thylamine [(CH3CH2)l N-N =0], the general precautions and procedures
are also applicable to other dialkylnitrosamines. It should be noted that
the use of N-nitrosodimethylamine (dimethylnitrosamine) is regulated by
OSHA when it is present at levels equal to or greater than I% of a solution
or mixture.

Physical and Chemical Properties

N-Nitrosodiethylamine is a volatile yellow liquid that has a boiling point of
177°C and a density (D~O) of0.9422. It is readily soluble in many organic
liquids and in lipids and to the extent of approximately 10% in water. It is
stable at room temperature for several days in aqueous solution at neutral
and alkaline pH. It is less stable at strongly acid pH at room temperature,
but it is not readily decomposed under the latter conditions. N-Nitrosodie­
thylamine can be oxidized by strong oxidants to the corresponding
nitramine and can be reduced by various reducing agents to the hydrazine
or amine.

Toxicity

N-Nitrosodiethylamine is strongly hepatotoxic and can cause death from
liver insufficiency in experimental animals. It is carcinogenic in at least 10
animal species, including subprimates. The main targets for its carcinogen­
ic activity are the liver, lung, esophagus, trachea, and nasal cavity.
Although data are not available on the toxicity of N-nitrosodiethylamine
in humans, the closely related compound N-nitrosodimethylamine has
caused extensive liver damage as a consequence of industrial exposure. The
toxicity in experimental animals can be observed as a consequence of
ingestion, inhalation, or topical application to the skin.

Handling Procedures

All work with N-nitrosodiethylamine should be carried out in a well­
ventilated hood or in a glove box equipped with a HEPA filter. To the
extent possible, all vessels that contain N-nitrosodiethylamine should be
kept closed. All work should be carried out in apparatus that is contained
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in or mounted above unbreakable pans that will contain any spill. All
containers should bear a label such as the following: CANCER-SUSPECT

AGENT. All personnel who handle the material should wear plastic, latex,
or neoprene gloves and a fully buttoned laboratory coat.

Storage-All bottles of N-nitrosodiethylamine should be stored and
transported within an unbreakable outer container; storage should be in a
ventilated storage cabinet (or in a hood).

Cleanup of spills and waste disposal--Because N-nitrosodiethylamine is
chemically stable under usual conditions, disposal is best carried out by
incineration. For incineration of liquid wastes, solutions should be
neutralized if necessary, filtered to remove solids, and put in closed
polyethylene containers for transport. All equipment should be thoroughly
rinsed with solvent, which should then be added to the liquid waste for
incineration. Great care should be exercised to prevent contamination of
the outside of the solvent container. If possible, solid wastes should be
incinerated; if this is not possible,solid wastes from reaction mixtures that
may contain N-nitrosodiethylamine should be extracted and the extracts
added to the liquid waste. Similarly, any rags, paper, and such that may be
contaminated should be incinerated. Contaminated solid materials should
be enclosed in sealed plastic bags that are labeled CANCER-SUSPECT AGENT

and with the name and amount of the carcinogen. The bags should be
stored in a well-ventilated area until they are incinerated.

Spills of N-nitrosodiethylamine can be absorbed by Celite@ or a
commercial spill absorbant. After the absorbant containing the major
share of the nitrosamine has been picked up (avoid dusts; do not sweep),
the surface should be thoroughly cleaned with a strong detergent solution.
If a major spill occurs outside of a ventilated area, the room should be
evacuated and the cleanup operation should be carried out by persons
equipped with self-contained respirators. Those involved in this operation
should wear rubber gloves, laboratory coats, and plastic aprons or
equivalent protective apparel.

I.B.9 SPECIAL PROCEDURES AND PRECAUTIONS FOR
WORKING WITH SUBSTANCES OF HIGH CHRONIC
TOXICITY IN EXPERIMENTAL ANIMALS

The use of substances of high chronic toxicity in experimental animals can
present a special exposure hazard, in particular because of the possibility
of the formation of aerosols or dusts that contain the toxic substance. Such
dusts and aerosols can become dispersed throughout the laboratory or
animal quarters through the animal food, urine, or feces. Accordingly,
procedures should be devised that reduce the formation of such aerosols
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and dusts to the lowest possible level. All procedures should be designed to
minimize the possible exposure of personnel.

Administration of the substances by injection or gavage is preferable.
However, if it is to be administered in the diet, a relatively closed caging
system, either one in which the cages are under negative pressure or one in
which there is a horizontal laminar airflow directed toward HEPA filters,
should be used. Procedures such as the use of a vacuum cleaner equipped
with a HEPAfilter or wetting the. bedding to reduce dusts should be used
for the removal of contaminated bedding or cage. matting. All toxic­
substance-containing diets should be mixed within closed containers and
within a hood.

Workers carrying out such operations should wear plastic or rubber
gloves and a fully buttoned laboratory coat or equivalent clothing at all
times. If exposure to aerosols cannot be controlled in other ways, a
respirator (see Section LF.4) should be used.

When large-scale studies are being carried out with highly toxic
substances, special facilities or rooms having restricted access are
preferable. If the caging system for any test animals does not adequately
protect the personnel, the use of a jumpsuit or similar clothing and shoe
and head coverings should be considered.

(See also Chemical Carcinogen Hazards in Animal Research Facilities,
Office of Biohazard Safety, National Cancer Institute, March 1979.)



I.e
Procedures for
Working with Substances
that Pose Hazards
Because of Flammability
or Explosibility

Flammable substances are among the most common of the hazardous
materials found in laboratories. However, the ability to vaporize, ignite,
and bum or to explode varies with the specific type or class of substance.
Prevention of fires and explosions requires knowledge of the flammability
characteristics (limits of flammability, ignition requirements, and burning
rates) of combustible materials likely to be encountered under various
conditions. of use (or misuse) and of the appropriate procedures to use in
handling such substances.

I.e.l FLAMMABILITY AND EXPLOSIBILITY OF MIXTURES
OF AIR WITH GASES, LIQUIDS, AND DUSTS

PROPERTIES OF FLAMMABLE SUBSTANCES

Flammable substances are those that readily catch fire and bum in air. A
flammable liquid does not itself bum; it is the vapors from the liquid that
bum. The rate at which. different liquids produce flammable vapors
depends on their vapor pressure, which increases with temperature. The
degree of fire hazard depends also on the ability to form combustible or
explosive mixtures with air, the ease of ignition of these mixtures, and the
relative densities of the liquid with respect to water and of the gas with
respect to air. These concepts can be evaluated and compared in terms of a
number of properties.

57
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Flash Point

An open beaker of diethyl ether set on the laboratory bench next to a
Bunsen burner will ignite, whereas a similar beaker of diethyl phthalate
will not. The difference in behavior is due to the fact that the ether has a
much lower flash point. The flash point is •• the lowest temperature, as
determined by standard tests, at which a liquid gives off vapor in sufficient
concentration to form an ignitable mixture with air near the surface of the
liquid within the test vessel. Many common laboratory solvents and
chemicals have flash points that are lower than room temperature.

Ignition Temperature

The ignition temperature (autoignition temperature) of a substance,
whether solid, liquid, or gaseous, is the minimum temperature required to
initiate or cause self-sustained combustion independent of the heat source.
A steam line or a glowing light bulb may ignite carbon disulfide (ignition
temperature 80°C). Diethyl ether (ignition temperature 160°C) can be
ignited by the surface of a hot plate.

Limits of Flammability

It is possible for a flammable liquid to be above its flash point and yet not
ignite in the presence of an adequate energy source. The explanation for
this phenomenon lies in the composition of a fuel-air mixture that may be
too lean or too rich for combustion.

Each flammable gas and liquid (as a vapor) has two fairly definite limits
defining the range of concentrations in mixtures with air that will
propagate flame and explode.

The lower flammable limit [lower explosive limit (LEL)] is the
minimum concentration (percent by volume) of the vapor in air below
which a flame is not propagated when an ignition source is present. Below
this concentration, the mixture is too lean to burn. The upper flammable
limit [upper explosive limit (VEL)] is the maximum concentration
(percent by volume) of the vapor in air above which a flame is not
propagated. Above this concentration, the mixture is too rich to burn. The
flammable range (explosive range) consists of all concentrations between
the LEL and the VEL. This range becomes wider with increasing
temperature and in oxygen-rich atmospheres.

Because of its extreme flammability, ether is available for laboratory use
only in metal containers. Carbon disulfide is almost as· hazardous. The
limitations of the flammability range, however, provide little margin of
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safety from the practical point of view because, when a solvent is spilled in
the presence of an energy source, the LEL is reached very quickly and a
fire or explosion will ensue before the VEL can be reached.

Spontaneous Ignition

Spontaneous ignition or combustion takes place when a substance reaches
its ignition temperature without the application of external heat. The
possibility of spontaneous combustion should be considered, especially
when materials are stored or disposed of (see Chapters n.B, D, and E-G).
Materials susceptible to spontaneous combustion include oily rags, dust
accumulations, organic materials mixed with strong oxidizing agents (such
as nitric acid, chlorates, permanganates, peroxides, and persulfates), alkali
metals such as sodium and potassium, finely divided pyrophoric metals,
and phosphorus.

The flash points, boiling points, flammable limits, and ignition tempera­
tures of a number of common laboratory chemicals are given in Table 1
and in the Safety Data Sheets (see Section I.E.2). It should be remembered,
however, that tabulations of properties of flammable substances are based
on standard test methods for which the conditions may be very different
from those encountered in practical use. Large safety factors should be
applied. For example, the published flammable limits of vapors are for
uniform mixtures with air. In a real situation, point concentrations that
are much higher than the average may exist. Thus, it ~s good practice to set
the maximum allowable concentration for safe working conditions at some
fraction of the tabulated lower LEL; 20% is a commonly accepted value.

HANDLING FLAMMABLE LIQUIDS

Among the most hazardOUS liquids are those that have flash points at
room temperature or lower, particularly if their range of flammability is
broad. Materials having flash points higher than the· maximum ambient
summer temperature do not ordinarily form ignitable mixtures with air
under normal (unheated) conditions but, as shown in Table 1, many
commonly used substances are potentially very hazardous, even under
relatively cool conditions.

Sources of Ignition

For a fire to occur, three distinct conditions must exist simultaneously: a
concentration of flammable gas or vapor that is within the flammable
limits of the substance; an oxidizing atmosphere, usually air; and a source
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TABLE 1 Flash Points, Boiling Points, Ignition Temperatures, and
Flammable Limits of Some Common Laboratory Chemicals

Flammable Limit

Flash Boiling Ignition (percent by volume

Point Point Temperature in air)

Chemical Gass (0C) tC) tC) Lower Upper

Acetaldehyde lA -37.8 2Ll 175.0 4.0 60.0
Acetone IB -17.8 56.7 465.0 2.6 12.8
Benzene IB -ILl 80.0 560.0 1.3 7.1
Carbon disulfide IB -30.0 46.1 80.0 1.3 50.0
Cyclohexane IB -20.0 81.7 245.0 1.3 8.0
Diethyl ether lA -45.0 35.0 160.0 1.9 36.0
Ethyl alcohol IB 12.8 78.3 365.0 3.3 19.0
n-Heptane IB - 3.9 98.3 215.0 1.05 6.7
n-Hexane IB -21.7 68.9 225.0 1.1 7.5
Isopropyl alcohol IB 11.7 82.8 398.9 2.0 12.0
Methyl alcohol IB 11.1 64.9 385.0 6.7 36.0
Methyl ethyl ketone IB - 6.1 80.0 515.6 1.8 10.0
Pentane lA -40.0 36.1 260.0 1.5 7.8
Styrene IB 32.2 146.1 490.0 1.1 6.1
Toluene IB 4.4 1l0.6 480.0 1.2 7.1
p-Xylene lC 27.2 138.3 530.0 1.1 7.0

of ignition. Removal of any of the three will prevent the start of a fire or
extinguish an existing fire. In most situations, air cannot be excluded. The
problem, therefore, usually resolves itself into preventing the coexistence
of flammable vapors and an ignition source. Because spillage of a
flammable liquid is always a possibility, strict control of ignition sources is
mandatory.

Many sources-electrical equipment (see Chapter I.G.), open flames,
static electricity, burning tobacco, lighted matches, and hot surfaces-ean
cause ignition of flammable substances. When these materials are used in
the laboratory, close attention should be given to all potential sources of
ignition in the vicinity. The vapors of all flammable liquids are heavier
than air and capable of traveling considerable distances. This possibility
should be recognized, and special note should be taken of ignition sources
at a lower level than that at which the substance is being used.

Flammable vapors from massive sources such as spillages have been
known to descend into stairwells and elevator shafts and ignite on a lower
story. If the path of vapor within the flammable range is continuous, the
flame will propagate itself from the point of ignition back to its source.

Metal lines and vessels· discharging flammable substances should be
properly bonded and grounded to discharge static electricity. When
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nonmetallic containers (especially plastic) are used, the bonding can be
made to the liquid rather than to the container. When no solution to the
static problem can be found, then all processes should be carried out as
slowly as possible to give the accumulated charge time to disperse.

Use of Flammable Substances

The basic precautions for safe handling of flammable materials include the
following:

1. Flammable substances should be handled only in areas free of
ignition sources.

2. Flammable substances should never be heated by using an open
flame. Preferred heat sources include steam baths, water baths, oil baths,
heating mantles, and hot air baths (see Section I.G.6).

3. When transferring flammable. liquids in metal equipment, static­
generated sparks should be avoided by bonding and the use of ground
straps (see Section II.D.2).

4. Ventilation is one of the most effective ways to prevent the formation
of flammable mixtures. An exhaust hood should be used whenever
appreciable quantities of flammable substances are transferred from one
container to another,allowed to stand in open containers, heated in open
containers, or handled in any other way.

FLAMMABLE OR EXPLOSIVE GASES AND LIQUEFIED GASES

Compressed or liquefied gases present hazards in.the event of fire because
the heat will cause the pressure to increase and may rupture the container.
Leakage or escape of flammable gases can produce an explosive atmo­
sphere in the laboratory. Acetylene, hydrogen, ammonia,hydrogen sulfide,
and carbon .monoxideare. especially hazardous. Acetylene and hydrogen
have very wide flammability limits, which adds greatly to their potential
fire and explosion hazard. (See Section I.D.l for specific precautions for
the use of flammable gases.)

Even if it is not under pressure, a substance is more concentrated in the
form of a liquified gas than in the vapor phase. and may evaporate
extremely rapidly.• Oxygen, in particular, is an extreme hazard; liquefied
air is almost as dangerous. [if allowed to boil freely, it will have an
increasing concentration of oxygen (bp -183°C) because the nitrogen (bp
-196°C) will boil away first]; and even liquid nitrogen, if it has been
standing around for some time, will have absorbed enough oxygen to
require careful handling. When a liquefied gas is used ina closed system,
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pressure may build up, so that adequate venting is required. If the liquid is
flammable (e.g., hydrogen), explosive concentrations may develop. Any, or
all, of the three problems, flammability, toxicity, and pressure buildup,
may become serious (see Section LD.2).

DUSTS

Suspensions of oxidizable particles (such as magnesium powder, zinc dust,
or flowers of sulfur) in the air constitute a powerful explosive mixture.
Care should be exercised in handling these materials to avoid exposure to
ignition sources.

LC.2 HIGHLY REACTIVE CHEMICALS AND EXPLOSIVES

When the term "routine chemical reaction" is used, it usually implies a
safe reaction-safe because the reaction rate is relatively slow or can be
easily controlled. Highly reactive chemicals can lead to reactions that
differ from routine mainly in the rate at which they progress. Reaction
rates almost always increase rapidly as the temperature increases. If the
heat evolved in a reaction is not dissipated, the reaction rate can increase
until an explosion results. This factor must be considered, particularly
when scaling up experiments, so that sufficient cooling and surface for heat
exchange can be provided.

Some chemicals decompose when heated. Slow decomposition may not
be noticeable on a small scale but on a large scale, or if the evolved heat
and gases are confined, an explosive situation can develop. The heat­
initiated decomposition of some substances, such as certain peroxides, is
almost instantaneous.

Light, mechanical shock, and certain catalysts are also· initiators of
explosive reactions. Hydrogen and chlorine react explosively in the
presence of light. Examples of shock-sensitive materials include acetylides,
azides, organic nitrates, nitro compounds, and many peroxides. Acids,
bases, and other substances catalyze the explosive polymerization of
acrolein, and many metal ions can catalyze the violent decomposition of
hydrogen peroxide.

Not all explosions result from chemical reactions. A dangerous,
physically caused explosion can occur if a hot. liquid (such as oil) is
brought into sudden contact with a lower-boiling-point one (such as
water). The instantaneous vaporization of the lower-boiling-point sub­
stance can be hazardous to personnel and destructive to equipment.

Any given sample may be just atypical enough (by virtue of impurities
and such) to be dangerous. Furthermore, the hazard is associated not with
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the total energy released, but rather with the amazingly high rate of a
detonation reaction. A high-order explosion of even milligram quantities
can drive small fragments of glass or other matter deep intO the body.

ORGANIC PEROXIDES

Organic peroxides are a special class.of compounds that have unusual
i,I:

stability problems that make them among the most hazardous substances
normally handled in laboratories. As a class, they are low-power
explosives, hazardous because of their extreme sensitivity to shock, sparks,
or other forms of accidental ignition. Many peroxides that are routinely
handled in laboratories are far more sensitive to shock than most primary
explosives (e.g., TNT). Peroxides have a specific half-life, or rate of
decomposition, under any given set of conditions. A low rate of
decomposition may autoaccelerate and cause a violent explosion, especial­
ly in bulk quantities of peroxide. These compounds are sensitive to heat,
friction, impact, and light, as well as to strong oxidizing and reducing
agents. All organic peroxides are highly flammable, and fires in.volving
bulk quantities of peroxides should be approached with extreme caution. A
peroxide present as a contaminant in a reagent or solvent can change the
course of a planned reaction.

Types of compounds known to form peroxides include the following:

1. Aldehydes.
2. Ethers, especially cyclic ethers and those containing· primary and

secondary alcohol groups, form dangerously explosive peroxides on
exposure to air and light. [Several acceptable colorimetric tests for
peroxides in ether (e.g., Jorissen reagent) are available. If a test is positive,
the contaminated liquid can be filtered through a column of chromato­
graphic,basic grade,aluminum oxide until the test is negative. The
contaminated alumina should be discarded promptly. Ethers must never
be distilled unless known to be free of peroxides. Containers of diethyl or
diisopropyl ether should be dated when they are opened. If they are still in
the laboratory after 1 month, the ether should be tested for peroxides
before use. If peroxides are found, the material should be decontaminated
or destroyed.]

3. Compounds containing benzylic hydrogen atoms-Such compounds
are especially susceptible to peroxide formation if the hydrogens are on
tertiary carbon atoms [e.g., cumene (isopropyl benzene)].

4. Compounds containing the allylic (CHz=CHCHzR) structure, In­

cluding most alkenes.
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5. Vinyl and vinylidene compounds, (e.g., vinyl acetate and vinylidene
chloride).

Specific chemicals that can form dangerous concentrations of peroxides
on long exposure to air are cyclohexene, cyclooctene, decalin (decahydro­
naphthalene), p-dioxane, diethyl ether, diisopropyl ether, tetrahydrofuran
(THF), and tetralin (tetrahydronaphthalene).

Precautions for handling peroxides include the following:

1. The quantity of peroxide should be limited to the minimum amount
required. Unused peroxides should not be returned to the container.

2. All spills should be cleaned.up immediately. Solutions of peroxides
can be absorbed on vermiculite.

3. The sensitivity of most peroxides to shock and heat can be reduced
by dilution with inert solvents, such as aliphatic hydrocarbons. However,
toluene is known to induce the decomposition ofdiacyl peroxides.

4. Solutions of peroxides in volatile solvents should not be used under
conditions in which the solvent might be vaporized because this will
increase the peroxide concentration in the solution.

5. Metal spatulas should not be used to handle peroxides because
contamination by metals can lead to explosive decomposition. Ceramic or
wooden spatulas may be used.

6. Smoking, open flames, and other sources of heat should not be
permitted near peroxides.

7. Friction, grinding, and all forms of impact should be avoided near
peroxides (especially solid ones). Glass containers that have screw-cap lids
or glass stoppers should not be used. Polyethylene bottles that have screw­
cap lids may be used.

8. To minimize the rate of decomposition, peroxides should be stored at
the lowest possible temperature consistent with their solubility or freezing
point. Liquid or solutions of peroxides should not be stored at or lower
than the temperature at which the peroxide freezes or precipitates because
peroxides in these forms are extremely sensitive to shock and heat.

Disposal of Peroxides

Pure peroxides should never be disposed of directly. Peroxides must be
diluted before disposal.

Small quantities (25 g or less) of peroxides are generally disposed of by
dilution with water to a concentration of 2% or less and then transfer of
the solution to a polyethylene bottle containing an aqueous solution of a
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reducing agent, such as ferrous sulfate or sodium bisulfite. The material
can then be handled like any other waste chemical; however, it must not be
mixed with other chemicals for disposal (see Chapter II.E). Spilled
peroxides should be absorbed on vermiculite as quickly as possible. The
vermiculite-peroxide mixture can be burned directly or may be stirred with
a suitable solvent to form a slurry that can be treated as described above.
Organic peroxides should never be flushed down the drain.

Large quantities (more than 25 g) of peroxides require special handling.
Each case should be considered separately, and handling, storage, and
disposal procedures should be determined by the physical and chemical
properties of the particular peroxide (see Chapters II.E and G). [See also
Hamstead, A.C. Ind. Eng. Chem. 1964 56(6), 37 and Safety Data Sheet on
DiethylEther (Section I.E).]

SOME ADDITIONAL EXPLOSIVE COMPOUNDS

A compound is apt to be explosive if its heat of formation is smaller by
more than about 100 callg than the Sum of the heats of formation of its
products. In making this calculation, one should assume a reasonable
reaction to yield the most exothermic products.

In general, compounds containing the following functional groups tend
to be sensitive to heat andshock: acetylide, azide, diazo, halamine, nitroso,
ozonide, and peroxide [e.g., diazomethane (CH2N2) may decompose
explosively when exposed to aground glass joint].

Compounds containing nitro groups may be highly reactive, especially if
other substituents such as halogens. are present.• Perchlorates, chlorates,
nitrates, bromates, chlorites, and iodates, whether organic or inorganic,
should be treated with respect, especially at higher temperatures.

HANDLING EXPLOSIVE COMPOUNDS

Explosive chemicals decompose under conditions of mechanical shock,
elevated temperature, or chemical action with forces that release large
volumes of gases, heat, toxic vapors, or combinations thereof. Various
state and federal regulations exist covering the transportation, storage, and
use of explosives.• These regulations should be consulted before explosives
and related dangerous materials are used in the laboratory.

Explosive materials should be brought into the laboratory only as
required and then in the smallest quantities adequate for the experiment
being conducted. Explosives should be segregated· from other materials
that could create a serious hazard to life or property should an .accident
occur (see Section II.B.4).
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The handling of highly energetic substances without injury demands
attention to the most minute detail. The unusual nature of work involving
such substances requires special safety measures and handling techniques
that must be thoroughly understood and followed by all persons involved.
The practices listed below are a guide for use in any laboratory operation
that might involve explosive materials.

Personal Protective Apparel (see Sections I.F.1-3)

This includes the following items:

1. Safety glasses that have a cup-type side shield made of a light, clear
plastic material affixed to the frame should be worn by all laboratory
personnel.

2. A face shield that has a "snap-on" throat protector in place should be
worn at all times that the worker is in a hazardous, exposed position [e.g.,
when operating or manipulating synthesis systems, when bench shields are
moved aside, or when handling or transporting such products].

3. Gloves should be worn whenever it is necessary to reach behind a
shielded area while a hazardous experiment is in progress or when
handling adducts or gaseous reactants [the yellow "electrical" lineman's
gloves afford good protection against 2-g quantity detonations in glass
provided the detonation is 7.5 em (3 in.) away; however, such a detonation
in contact with a gloved hand would cause severe injury and probable loss
of fingers].

4. Laboratory coats should be worn at all times while in explosives
laboratories. They should be of a slow-burning material and fitted with
quick-release cloth buttons (these coats help reduce minor injuries from
flying glass and reduce the possibility of injury from an explosive flash).

Protective Devices (see Section I.FA)

Barriers such as shields,barricades, and guards should be used to protect
personnel and equipment from injury or damage. The barrier should
completely surround the hazardous area. On benches and hoods, a 0.25­
in.-thick. acrylic sliding shield effectively protects a worker from glass
fragments resulting from a laboratory-scale detonation. The shield should
be closed whenever hazardous reactions are in progress or whenever
hazardous materials are being temporarily stored. Such shielding is not
effective against metal shrapnel.

Dry boxes should be fitted with safety glass windows overlaid with 0.25­
in.-thick acrylic. This protection is adequate against an internal 5-g
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quantity detonation. The problem of hand protection, however, still
remains, although electric lineman's gloves over the rubber dry box gloves
offer some additional protection (see Section I.F.2). Other safety devices,
as required, should be used in conjunction with the gloves (e.g., tongs and
lab-jack turners).

Armored hoods or barricades madewith extra-thick (1.0 in.) polyvinyl
butyral resin shielding and heavy metal walls give complete protection
against detonations not in excess of the acceptable 20-g limit. These hoods
are designed for use with 100 g of material, but an arbitrary 20-g limit is
usually set because of the noise level in the event of a detonation. Such
hoods should be equipped with mechanical hands that.enable the operator
to remotely manipulate equipment and handle adduct containers. A sign,
such as CAUTION: NO ONE MAY ENTER AN ARMORED HOOD FOR ANY

REASON DURING THE COURSE OF A HAZARDOUS OPERATION should be
posted.

Miscellaneous protective devices such as both long- and short-handled
tongs for holding or manipulating hazardous items at a safe distance and
remote-control equipment (e.g., mechanical arms, stopcock turners, lab­
jack turners, and remote cable controllers) should be available as required
to prevent exposure of any part of the body to injury.

Reaction Quantities

In conventional explosives laboratories, no more than 0.5 g ,of product
should be prepared in a single run. During the actual reaction period, no
more than 2 g of reactants should be present in the reaction vessel. This
means that the diluent, the substrate, and the energetic reactant must all
be considered when determining· the total explosive power of the reaction
mixture. Special reviews should be established to examine operational and
safety problems involved in scaling up a reaction in which an explosive
substance is used.

Reaction Operations

Various heating methods may be used. The most common are heating
tapes and mantles and sand, water,steam, and silicone oil baths. Hair
dryers (heat guns) can be used for certain operations; however, their use
should be prohibited when a flammable vapor potential is present. All
controls for heating and stirring equipment should be operable from
outside the shielded area.

Vacuum pumps should carry tags indicating the date of the most recent
oil change. Oil should be changed once a month (sooner, if it is known that
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the oil has been exposed to reactive gases). All pumps shollid either be
vented into a hood or trapped. Vent lines may be. Tygon@, rubber, or
copper. If Tygon or rubber lines are used, they should be supported so that
they do not sag (see Section I.G.2).

When potentially explosive materials are being handled, the area should
be posted with a sign such as WARNING: VACATE THE AREA AT THE FIRST
SIGN OF ODOR. STAY OUT UNTIL THE. VENTILATION SYSTEM HAS
CLEARED THE AIR.

When condensing explosive gases, •the temperature of the bath and the
effect on the reactant gas of the condensing material selected must be
determined experimentally. Very. small quantities should be used because
detonations may occur. In all cases, a shielded Dewar flask (see Section
1.0.3) should be used when condensing reactants. Maximum quantity
limits should be observed. Heating baths of flammable materials should be
prohibited.

I.C.3 OTHER SPECIFIC CHEMICAL HAZARDS THAT
FREQUENTLY LEAD TO FIRES OR EXPLOSIONS

HAZARDOUS SUBSTANCES OR OBJECTS

Acetylenic compounds are explosive in mixtures of 2.5-80% with air. At
pressures of 2 or more atmospheres, acetylene (CzHz) subjected to an
electrical discharge or high temperature decomposes with explosive
violence. Dry acetylides detonate on receiving the slightest shock. (See
Section LOA.)

Aluminum chloride (AICh) should. be considered a. potentially danger­
ous material. If moisture. is present,. there may be. sufficient decomposition
[to give hydrogen chloride (HCI)] to build up considerable pressure. Ifa
bottle is to be opened after long standing, it should be completely enclosed
in a heavy towel.

Ammonia (NH3) reacts with iodine to give nitrogen triiodide, which is
explosive, and with hypochlorites to give chlorine. Mixtures of NH3 and
organic halides sometimes react violently when heated under pressure.

Dry benzoyl peroxide (C6HsCOz)zis easily ignited and sensitive to shock.
It decomposes spontaneously at temperatures above 50·C. It is reported to
be desensitized by addition of 20% water.

Carbon disulfide (CSz) is both very toxic and very flammable; mixed
with air, its vapors can be ignited by a steam bath or pipe, a hot plate, or a
glowing light bulb. [See Safety Data Sheet (Section 1.E.2).]

Chl(J7ine (Ch) may react violently with hydrogen (Hz) or with
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hydrocarbons when exposed to sunlight. [See Safety Data Sheet (Section
I.E.2).]

Chromium trioxide-pyridine complex (Cr03·CsHsN) may explode if the
Cr03 concentration is too high. The complex should be prepared by
addition of Cr03 to excess CsHsN.

Diazomethane (CH2N2) and related compounds should be treated with
extreme caution. They are very toxic, and the pure gases and liquids
explode readily. Solutions in ether are safer from this standpoint. (See also
"Organic Syntheses," Rabjohn, N., Ed.; Wiley: New York, .1963,
Collective Volume IV, pp.250-253.

Dimethyl sulfoxide [(CH3)2S0] decomposes violently on contact with a
wide variety of active halogen compounds. Explosions from contact with
active metal hydrides have been reported.• Its toxicity is still· unknown, but
it does penetrate and carry dissolved substances through the skin
membrane.

Dry ice should not be kept in a container that is not designed to
withstand pressure. Containers of other substances stored over dry ice for
extended periods generally absorb carbon dioxide (C02) unless they have
been sealed with care. When such containers are removed from storage
and allowed to come rapidly to room temperature, the C02 may develop
sufficient pressure to burst the container with explosive violence. On
removal of such containers from storage, the stopper should be loosened or
the container itself should be wrapped in towels and kept behind a shield.
Dry ice can produce serious bums (this is also true for all types of cooling
baths).

Drying agents-Ascarite® should not be mixed •with phosphorus
pentoxide (P20S) because the mixture may explode if it is warmed with a
trace of water. Because the cobalt salts used as moisture indicators in some
drying agents may.be extracted by some organic solvents, the use of these
drying agents should be restricted to gases.

Diethyl, diisopropyl, and other ethers. (particularly the branched-chain
type) sometimes explode during heating orrefluxing because of the
presence of peroxides. Ferrous salts or sodium bisulfite can be used to
decompose these peroxides, and passage over basic active alumina will
remove most of the peroxidic material (see Section LC.2). In general,
however, old samples of ethers should be discarded.

Ethylene oxide (C2H40) has been known to explode when heated in a
closed vessel.. Experiments using ethylene oxide under pressure should be
carried out behind suitable barricades (seeSectionI.C.2).

Halogenated compounds-,-Chloroform .(CHCb), carbon tetrachloride
(CC14), and other halogenated solvents should not be dried with sodium,
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potassium, or other active metal; violent explosions are usually the result
of such attempts. Many halogenated compounds are toxic.

Hydrogen peroxide (HzOz) stronger than 3% can be dangerous; in
contact with the skin, it may cause severe burns. Thirty percent HzOz may
decompose violently if contaminated with iron, copper, chromium, or
other metals or their salts.

Liquid-nitrogen-cooled traps open to the atmosphere rapidly condense
liquid air. Then, when· the coolant is removed, an explosive pressure
buildup occurs, usually with enough force to shatter glass equipment.
Hence, only sealed or evacuated equipment should be so cooled (see
Section I.D.3).

Lithium aluminum hydride (LiAlH4) should not be used to dry methyl
ethers or tetrahydrofuran; fires from this are very common. The products
of its reaction with COzhave been reported to be explosive. Carbon dioxide
or bicarbonate extinguishers should not be used against LiAIH4 fires,
which should be smothered with sand or some other inert substance.

Oxygen tanks-Serious explosions have resulted from contact between
oil and high-pressure oxygen. Oil should not be used on connections to an
Oz cylinder (see Section I.D.4).

Ozone (03) is a highly reactive and toxic gas. It is formed by the action
of ultraviolet light on oxygen (air) and, therefore, certain ultraviolet
sources may require venting to the exhaust hood.

Palladium or platinum on carbon, platinum oxide, Raney nickel, and
other catalysts .should be filtered from catalytic hydrogenation reaction
mixtures carefully. The recovered catalyst is usually saturated with
hydrogen and highly reactive and, thus, will enflame spontaneously on
exposure to air. Particularly in large-scale reactions, the filter cake should
not be allowed to become dry. The funnel containing the still-moist
catalyst filter cake should be put into a water bath immediately after
completion of the filtration.

Another hazard in working with such catalysts is the danger of
explosion if additional catalyst is added to· a flask in which hydrogen is
present.

Parr bombs used for hydrogenations have been known to explode. They
should be handled with care behind shields, and the operator should wear
goggles.

Perchlorates-The use of perchIorates should be avoided wherever
possible.Perchlorates should not be used as drying agents if there is a
possibility of contact with organic compounds or in proximity. to a
dehydrating acid strong enough to concentrate the perchloric acid
(HCI04) to more than 70% strength (e.g., in a drying train that has a
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bubble counter containing sulfuric acid). Safer drying agents should be
used.

Seventy percent HCI04 can be boiled safely at approximately 200°C, but
contact of the boiling undiluted acid or the hot vapor with organic matter,
or even easily oxidized inorganic matter (such as compounds of trivalent
antimony), will lead to serious explosions. Oxidizable substances must
never be allowed to contact HCI04. Beaker tongs, rather than .rubber
gloves, should be used when handling fuming HCI04. Perchloric acid
evaporations should be carried out in a hood that has a good draft.
Frequent (weekly) washing out of the hood and ventilator ducts with
water is necessary to avoid danger of spontaneous combustion or explosion
if this acid is in common use.

Permanganates are explosive when treated with sulfuric acid. When
both compounds are used in an absorption train, an empty trap should be
placed between them.

Peroxides (inorganic)-When mixed with combustible materials, bari­
um, sodium, and potassium peroxides form explosives that ignite easily.

Phosphorus (P) (red and white) forms explosive mixtures with oxidizing
agents. White P should be stored under water because it is spontaneously
flammable in air. The reaction of P with aqueous hydroxides gives
phosphine, which may ignite spontaneously in air or explode.

Phosphorus trichloride (PCb) reacts with water to form phosphorous
acid, which decomposes on heating to form phosphine, which may ignite
spontaneously or explode. Care should be taken in opening containers of
PCb, and samples that have been exposed to moisture should not be
heated without adequate shielding to protect the operator.

Potassium (K) is in general more reactive than sodium; it ignites quickly
on exposure to humid air and, therefore, should be handled under the
surface of a hydrocarbon solvent such as mineral oil or toluene (see
Sodium).

Residues from vacuum distillations (for example, ethyl palmitate) have
been known to explode when the still was vented to the air before the
residue was cool. Such explosions can be avoided by venting the still pot
with nitrogen, by cooling it before venting, or by restoring the pressure
slowly.

Sodium (Na) should be stored in a closed container under kerosene,
toluene, or mineral oil. Scraps of Na or K should be destroyed by reaction
with n-butyl alcohol. Contact with water should be avoided because Na
reacts violently with water to form H2 with evolution of sufficient heat to
cause ignition. Neither carbon dioxide or bicarbonate nor carbon
tetrachloride fire extinguishers should be used on alkali metal fires.

Sulfuric acid (H2S04) should be avoided, if possible, as a drying agent in
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desiccators. If it must be used, glass beads should be placed in it to help
prevent splashing when the desiccator is moved. The use of HzS04 in
melting point baths should be avoided. (Silicone oil should be used.) To
dilute Hz S04, add the acid slowly to cold water.

Trichloroethylene (ChCCHCI) reacts under a variety of conditions with
potassium or sodium hydroxide to form dich1.oroacetylene, which ignites
spontaneously in air and detonates readily even at dry-ice temperatures.
The compound itself is highly toxic, and suitable precautions should be
taken when it is used as a degreasing solvent. [See Safety Data Sheet
(Section 1.E.2).]

INCOMPATIBLE CHEMICALS

When transporting, storing (see Chapters II.A and B), using, or disposing
of any substance, utmost care must be exercised to ensure that the
substance cannot accidently come in contact with another with which it is
incompatible. Such contact could result in a serious explosion or the
formation of substances that are highly toxic or flammable or both.

Tables 2 and 3 are guides to avoiding accidents involving incompatible
substances.
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TABLE 2 Classes of Incompatible Chemicalsa
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A

Acids

Alkali and alkaline earth metals
carbides
hydrides
hydroxides
oxides
peroxides

Inorganic azides

Inorganic cyanides

Inorganic nitrates

Inorganic nitrites

Inorganic sulfides

Organic compounds
Organic acyl halides

Organic anhydrides

Organic halogen compounds
Organic nitro compounds

Powdered metals

B

Bases

Water
Acids
Halogenated organic compounds
Oxidizing Agentsb

Chromates, dichromates, CrO.
Halogens
Halogenating agents
Hydrogen peroxide and peroxides
Nitric acid, nitrates
Perchlorates and chlorates
Permanganates
Persulfates

Acids
Heavy metals and their salts
Oxidizing agentsb

Acids, strong bases

Acids
Metals
Nitrites
SUlfur

Acids
OXidizing agents

'
)

Acids

Oxidizing agentsb

Bases
Organic hydroxy compounds
Bases
Organic hydroxy compounds
Aluminum metal
Strong bases

Acids
OXidizing agentsb

aChemicals in columns A and B should be kept separate.
bOxidizing agents include the types of compounds listed in the entry for alkali and alka­
line earth metals, etc.
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TABLE 3 Specific Chemical Incompatibilities a

A

Acetylene and monosubstituted
acetylene (R-C=CH)

Ammonia and NH40H

Carbon, activated

Hydrogen peroxide

Nitric acid

Mercury and its amalgams

Oxalic acid

Phosphorus (yellow)

Phosphorus pentoxide

Sulfuric acid

B

Halogens
Group IB and lIB metals and their salts

Halogens
Halogenating agents
Silver
Mercury

Oxidizing agentsb

Metals and their salts

Metals
Sulfuric acid
Sulfides
Nitrites, other reducing agents
Chromic acid and chromates
Permanganates

Ammonia and NH 40H
Nitric acid
Acetylene
Sodium azide

Silver
Mercury

Oxygen
Oxidizing agents b

Strong bases

Wate'r
Halogenating agents

Metals
Chlorates
Perchlorates
Permanganates
Nitric acid

aChemicals in columns A and B should be kept separate.
bOxidizing agents include the types of compounds listed in the entry for alkali and alka­
line earth metals, etc.
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w,\struction and the capacities, test procedures, and service pressures of 
the cylinders in which compressed gases are stored. A typical compressed 
gas steel cylinder might be designated DOT 3A-2000, which indicates that 

and has an operating 
ever, regardless of the 
the material within it 
quefied gases such as 
ssure as long as any 
ture is not exceeded. 
as cylinders in the 
transportation and 

storage (see Chapters I1.B and C), handling and use, and return of the 
empty cylinder. 

IDENTIFICATION 

The contents of any compressed gas cylinder should be clearly identified so 
determined by any laboratory 

stamped on the cylinder 
that cannot be remov 

compressed gas cylinder 
dentify its contents by 

a reliable means of 

labeled so as to identify the gas, the laboratory served, and relevant 
emergency telephone numbers. The labels should be color coded to 
distinguish hazardous gases (such ammable, toxic, or corrosive 
substances) (e.g., a yellow backgroun black letters) from safe (inert) 
gases (e-g., a green round and black letters). Signs should be 
conspicuously posted as in which flammable compressed gases are 
stored, identifying stances and appropriate precautions (e.g., 

FLAMMABLE GAS-NO SMOKING-NO OPEN FLAMES). 
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ANDLING AND USE OF CYLINDERS 

Compressed gas cylinders should be firmly secured at all times. A clamp 
and belt or chain are generally suitable for this purpose. Pressure-relief 
devices protecting equipment that is attached to cylinders of flammable, 
toxic, or otherwise hazardous gases should be vented to a safe place. 

Standard cylinder-valve outlet connections have been devised by the 
Compressed Gas Association (CGA) to p 
ble gases due to an interchange of conn 

used for nonfuel and water-p 
used for fuel and oil-pumped gases. 
equipment assemblies for use with speci 
from the supplier. To minimize undesirable connections that may result in 
a hazard, only CGA standard combinations of valves and fittings should 
be used in compressed gas installations; the assembly of miscellaneous 

ard approved types) should be avoided. The threads on 
lators, and other fittings should be examined to 

that they correspond to one another and are undamaged. 
nder valve is accessible at all 

times. The main c ed as soon as it is no longer 
necessary that it er be left open when the 
equipment is unattended or not operating). This is necessary not only for 
safety when the cylinder is under pressure, but also to prevent the 
corrosion and contamination that would result from diffusion of air and 

ture into the cylinder after it has been emptied. 
ost cylinders are equipped with hand-wheel valves. Those that are not 

should have a spindle key on the valve spindle or stem while the cylinder is 

Cylinders should be placed so that the 

before the regulator is fitted. 
ve on an unregulated 

r necessary to open the main 
cylinder valve all the way; the resulting flow will be much grea 
would ever want. It is safe pra en the main valve 
extent necessary. 

When opening the valve on a cylinder containing an irritating or toxic 
gas, the user should stand on the upwind side of the cylinder with the valve 

Id warn those working nearby in c 
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PRESSURE REGULATORS 

Pressure regulators are general sed to reduce a high-pressure supplied 
gas to a desirable lower press nd to maintain a satisfactory delivery 
pressure and flow level for the perating conditions. They can be 
obtained to fit many operating in regard to range of supply and 
delivery pressures, flow capa nstruction materials. All regula- 
tors are of a diaphragm typ ed or gas-loaded, depending on 
pressure requirements. They e single-stage or two-stage. Under no 
circumstances should oil be used on regulator valves or cylinder valves. 

Each regulator is supplied with a specific CGA standard inlet 
connection to fit the outlet connection on the cylinder valve for the 
particular gas (see above 

Regulators for use w es are usually made of brass. 
Special regulators made of corrosion-resistant materials can be obtained 
for use with such gases as ammonia, boron triflu de, chlorine, hydrogen 
chloride, hydrogen sulfide, and sulfur dioxide. ause of freeze-up and 
corrosion problems, regulators used with carbon dioxide gas must have 
special internal d ures and be made of special construction 

ipped with spring-loaded pressure- 
relief valves to protect the low-pressure side. When used on cylinders of 
flammable, toxic, or otherwise hazardous gases, the relief valve should be 
vented to a safe location. The use of internal-bleed type regulators should 
be avoided. 

e kept from the vicinity of cylinders of 
C. 1). An open flame should never be used to 

detect leaks of flammable gases. Rather, soapy water should be used, 
except during freezing weather, when a 50% glycerine-water solution or 
its equivalent may be used. Connections to piping, regulators, and other 
appliances should always be kept tight to prevent leakage, and the hoses 
used should be kept in good condition. 

Regulators, hoses, and other appliances used with cylinders of flamma- 
ble gases should not be interchanged with similar equipment intended for 
use with other gases. 

ntaining flammable gases should be stored in a well- 
ventilated place. Reserve stocks of such cylinders should never be stored in 
the vicinity of cylinders containing oxygen (see Section II.B.6). 
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EMPTY CYLINDERS 

A cylinder should never be emptied to a pressure lower than 172 kPa (25 
Ibfhn.2) because the residual contents may become contaminated if the 
valve is left open. Empty cylinders should not be refilled. Rather, the 
regulator should be removed and the valve cap should be replaced. The 
cylinder should be clearly marked as “empty” and returned to a storage 
area far pickup by er. Empty and full cylinders should not be 
stored in the same place. 

Cylinder discharge lines should be equipped with approved check valves 
nt inadvertent contamination of cylinders that are connected to a 

ts. Sucking back is 
actants in a closed 

is at least 172 kPa. 
nated, it should be 

TION, AND TESTING 

Each pressure vessel should have stamped on it (or on an attached plate), 
its basic allowable working pressure, the allowable temperature at this 

more frequent tests and ins 
or attached to the equipmen 

section of the assembled 
testing a system for leaks 

equipment is altered, repaired, stored, or shipped it 
should be vented and all toxic or other hazardous material removed 
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followed. The s 

occur its force is directed into a safe area. 

be opened by heating 
oxygen-gas flame until 
glass. Sealed bottles and tubes of flammable materials should be wrapped 
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shield, and then slowly cooled, 
r which the clamps and rubber 

d the tips of tubes heated to 
internal pressure. After the 
ut open by cracking along a 

rds of cryogenic liquids are fire or explosion, pressure 
ent of structural materials, contact with and destruc- 

als and may even cause some 
steel) to burn readily (see 

known to literally 

Eye ~rotection, prefe 

.2). A po t~o~der  may be a 
ve~ti~ated. The transfer of 

should not be attempted for 
and ~ns~ruction of someone 

ing relief device on a 
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Cylinders and other pressure vessels used for the storage and handling 
of liquefied gases should not be filled to more than 80% of capacity. This is 
a precaution against possible thermal expansion of the contents and 
bursting of the vessel by hydrostatic pressure. If the possibility exists that 
the temperature of the full cylinder might be increased to above 30°C, a 
lower percentage (e.g., 60) of capacity should be the limit. 

 OW-TEMPERATURE EQUIPMENT 

At low temperatures, t pact strength of ordinary carbon steel is 
greatly reduced. The may fail when subjected to impact or 
mechanical shock, eve h its ability to wi 
loading is not impaired. This type of failure norm 
high stress (such as at notches in the material 

8% chromium-8% nickel stainless steels retain their impact 
resistance down to approximately - 240"C, the exact value depending 
heavily on special design considerations. The impact resistance of 
aluminum, copper, nickel, and many other nonferrous metals and alloys 
increases with decreasihg temperatures. 

YDROGEN ~ M B R ~ T T L E M E N ~  

Special alloy steels should be used for liquids or gases containing hydrogen 
at temperatures greater than 200°C or at pressures greater than 34.5 MPa 
(500 Ibfh.2) because of the danger of weakening carbon steel equipment 
by hydrogen emb~ttlement 

In an evacuated system, the higher pressure is on the outside, rather than 
on the inside, so that a break causes an implosion rather than an explosion. 
The resulting hazards consist of flying glass, spattered 
possibly fire. 

water aspirator, often 
A moderate vacuum, such as 10 mm g, which can be achieved by a 

safe compared with a high vacuum, such as 
are deceptive, however, because the pressure 
d inside are comparable (760 - 10 = 750 
mpared with 760 - 10-5 = 760 m m m g  in 
, any evacuated containe 

as an implosion hazard. 
Vacuum d~sti~~ation apparatus often provides some of its own protection 
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in the form of heating mantles, column insulation, and the like; however, 
this is not sufficient because an implosion would scatter hot, flammable 
liquid. An explosion shield and a face mask should be used to protect the 
worker (see Sections I.F. 1 and 4). 

Equipment at reduced pressure is especially prone to rapid changes in 
pressure. This can create large pressure differences within the apparatus 
that can push liquids into unwanted locations, sometimes with very 

for such a problem 

their exhausts should b 

GLASS VESSEL 

the hazard of flying glass in case of collapse. 

DES~CC ATORS 

Glass vacuum desiccators should be made of Pyrex or similar glass. They 
should be completely enclosed in a shield or wrapped with friction tape in 
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a grid pattern that leaves the contents visible and at the s 
ing glass should the vessel collapse. Vari 
ate) desiccators now on the market redu 

hazard and may be preferable. 

system that is con 

ASSEMBLY OF VACUUM APPARATU§ 

Vacuum apparatus should be assembled so as to avoid strain. 
that joints be assembled in a way that allows various sections of the 
apparatus to be moved if necessary without transmitting strain to the 
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necks of the flasks. Heavy apparatus should be supported from below as 
well as by the neck. 

Vacuum apparatus s the bench or into the 
hood where it will not by or the hood doors. 

~ O ~ ~ R E S $ E ~  GASES 

ACETYLENE 

fact that its stability 

laboratory that has the necessary facilities, as well as expertise and 
experience, for its safe handling. 

Id C2H2 be used under pressure in unbarri- 
any case, the lowest pressure necessary for the desired 

A pressure of 103 kPa (15 
the maximum allowable haz 

owever, even below this pressure, a serious hazard still exists, particular- 
ly in closed systems containing more than 1 liter of gaseous GH2. 
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Equipment 

pounds, including copper and silver acetylides. Alloys of these metals, 
including solders, should not be use 2 service unless they have 
been specifically approved for this purpose. If it is sus hat 
acetylides have been formed, a supervisor or cer be 
consulted for safe methods of disposal (see Chapter 

 contaminate^ piping should not be used in ervice. Acetylene 

acetylide formation. 

ic filler and is safe to 
be vertically position 
from them. 

~ u r i ~ c a t i o n  

The purification of C2H2 at atmospheric pressure and room temperature is 
most efficiently d by scrubbing the gas th 
acid and caustic t . Activated alumina (F. 1 
absorbent, is recommended where purificati 
Activated carbon should be avoided because t 
sufficient to trigger th 
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ANHYDROUS AMMONIA 

A direct flame or steam jet must never be applied against a cylinder of 
ammonia (NH3). If it becomes necessary to increase the pressure in a 
cylinder to promote more rapid discharge, the cylinder should be 
into a warm room. Extreme care should be exercised to prev 
temperature from rising above 50°C. 

Only steel valves and fittings 
copper, silver, nor zinc nor the 
contact with ammonia. 

Respiratory protective equipment of a type approved 
Safety and Health Administration (MSHA) and NIQ 

material is used and so located as 
Proper protection should be afford 

H3 containers. Neither 
rmitted to come into 

3 service should always be readily avail place where this 

eir use may be procured from 

BORON TRICHLORIDE 

Toxicity 

The fumes of boron trichloride (BCh) are irritating to the eyes and mucous 
erally described as much less e material is, however, 

~ ~ n d ~ i n g  Procedures 

Although Be13 has a very low pressure at normal temperatures, it should 
be handled with care. The use of goggles and gloves is recommended (see 
Chapter 1II.B). 

sferring the liquid or gas into a 
solution to prevent impuritie 
which might create an explosive mixture. 

A BC13 cylinder contains 
permitted to become overheated. 
liquid, an increase 

A trap should alwa 

container is completely filled with 
build up tremendous pressure and 

this reason, closed containers such as 
perts in the field. 
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oron trichloride cylinders and valves should be equipped with a 
device containing eta1 that melts at approximately 7 

BORON TRIFLUQRIDE 

Toxicity 

At high concentrations, boron trifluoride (BK) causes burns to the skin 
similar to those caused by hydroge de, although BF3 bums do not 
penetrate as deeply as do hydrogen bums (see Section I.B.7). 

Boron trifluoride has one characteristic that occasionally proves to be 
sconcerting. In contact with the atmosphere, the gas forms dense 

white fumes. Even after a cylinder valve has been tightly closed, the fumes 
will linger around the outlet for as much as 0.5 hour. This frequently 
causes the user to believe that the valve itself is leaking. In addition, the 
gas is inherently difficult to control through valves and piping, and even 
the best of equipment is apt to show slight signs of leaking, which will 
make an abundance of fumes. 

It is essential when using BF3 to have a trap in t 
prevent impurities from being sucked back into th 
chemicals, if drawn back into a BF3 cylinder, can build up tremendous 
pressure that may cause the cylinder to burst. 

Every BF3 valve is equipped with a device consisting of a platinum disc 
in back of a plug containing a metal that will melt at approximately 70°C. 
Frequently, a similar safety device is inserted in the base of the cylinder. 

Toxicity 

Carbon monoxide (CQ) is a direct and cumulative poison. It combines 
with the hemoglobin of the blood to form a relatively stable compound, 
carboxyhemoglobin, and renders it useless as an oxygen carrier. When 
about one-third of the hemoglobin has entered into such combination, the 
victim dies. The gas is treacherous poison because of its odorless 
character and insidious action. Expo 2000 ppm CO in air for 1 
hour is dangerous, and exposure to fatal in less than 1 hour. 
Headache and dizziness are the usual symptoms of CO poisoning, but 
occasionally the first evidence of poisoning is the collapse of the patient. 
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ndling Procedures 

Carbon monoxide should be used only in areas that have adequate 
ventilation at all times. A trap or vacuum break should always be used to 
prevent impur~t~es from being sucked bac 

C ~ ~ ~ ~ I N E  

lorine should be 

12 use should be 

Toxicity 

ethyl c h ~ o ~ d e  (C as a slight, not unp~easant odor, t 
i ~ t a t i n g  and may pass unnoticed unless a warning agent is added. 
Exposure to excessive ntrations of CH3C1 is indicated by symptoms 
similar to those of al intox~catiQn~rows~ness,  mental confusion, 
nausea, and possibly vomiting. 
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ndling Procedures 

Because methyl chloride may, under certain conditions, react with 
aluminum or magnesium to form materials that ignite or fume spontane- 
ously in contact with air, contact with these metals should be avoided. 

Suitable respiratory protective equipment (see Section I.F.4) should be 
available and kept in proper working order. Cannister-type gas masks 
should have a fresh charge of suitable absorbent in the cannister. These 
masks, however, are unsafe at concentrations higher than 50 times the 
TLV; at these concentrations, a positive-pressure air-line respirator must 

and, at concentrations immediately dangerous to life and health 
, a pressure-demand self-contained breathing apparatus or a 

positive-pressure air-line respirator that has escape-cylinder provisions 
must be used. 

CHLORINE TRIFLUORIDE 

Toxicity 

Liquid chlorin 
with the body. 
burns by hydrogen fluoride 
C1F3 in the atmosphere is at 

e (C1F3) causes deep penetrating burns on c 
may be delayed and progressive, as in the case of 

as that of chlorine. 
B.7). The hazard of 

0th erties 

Chlorine trifluoride reacts vigorously with water and 
temperature, frequently with immediate ignition. It 
etals and metal oxide elevated temperatures. In 
with silicon-containin mpounds and can, thus, 

support the continued combustion of glass, asbestos, and such. Chlorine 
trifluori~e forms explosive mixtures with water vapor, ammonia, hydro- 
gen, and most organic vapors. The substance resembles elemental fluorine 
in many of its chemical properties, and procedures for handling it, as well 
as precautions against accident in use, are closely parallel. 

Handling Procedures 

Because of the extreme activity of CIF3, the area in the vicinity of a ClF3 
cylinder and its associated apparatus should be well ventilated and cleared 
of easily combustible material. 

Chlorine trifluoride should always be removed from the cylinder as a 
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d never be connected directly to apparatus 
g medium. A trap should be inserted in the 

line between the and the reaction vessel adequate to contain the 
entire volume of 1 t might be drawn into the C1F3 line. 

Protective measures against clF3 are not fully developed, and entry into 
zones contaminated with the substance should be avoided. Only air-line or 
oxygen-supplied respiratory protective equipment (see Section I.F.4) is 
advised for personal protection against atmospheres contaminated with 
clF3. Gas masks, rubber gloves, rubber aprons, and face shields give 
protection only at low concentrations of gas and, if brought into local 
contact with a C1F3 leak, may inflame. Thorough flushing with an inert gas 
should precede any opening of apparatus that has contained CIF3. 

F L W ~ ~ I N E  

Toxicity 

effect that may be delayed and progressive, 
hydrogen fluoride (see Section 13.7). The h 
atmosphere is at least as great as that of chlorine. 

uorine (F2) causes deep penetrating burns on contact with the body, an 
in the case of burns by 

d of exposure to FZ in the 

Other Properties 

Fluorine reacts vigorously with most oxidizable substances at room 
temperature, frequently with immediate ignition, and with most metals at 
elevated temperatures. In addition, it reacts vigorously with silicon- 
containing compounds and can thus support the continued combustion of 
glass, asbestos, and such. Fluorine forms explosive mixtures with water 
vapor, ammonia, hydrogen, and most organic vapors. 

Handling Procedures 

ecause of the high activity of Fz, the area in the vicinity of a Fz cylinder 
and its associated apparatus should be well ventilated and cleared of easily 
combustible material. 

When a cylinder of FZ is to be opened, the user should be protected by a 
suitable shield (see Section I.C.2) and the valve should be opened by 
remote control. Any apparatus that is to contain F2 under pressure should 
be surrounded by a protective barrier. Fluorine cylinder valves are not 
adapted to fine adjustment, and the flow of FZ from a cylinder should 
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therefore be controlled by a needle valve located close to the cylinder and 
operated by remote control. 

All equipment that may be in contact with Fz should be completely dry. 
Protective measures against F2 are not fully developed, and entry into 

zones contaminated with substance should be avoided. Only positive- 
pressure atmosphere-sup g respiratory protective e¶uipment (see 
Section I.F.l) is advised and, if IDLH concentrations are reached, a 
pressure-demand self-contained breathing apparatus or a positive-pressure 
air-line respirator that has escape-cylinder provisions must be used. 
Gauntlet-type rubber gloves (see Table 3), rubber aprons, and face shields 
give only temporary protection against F2 and, if brought into local contact 
with a F2 leak, may inflame. A thorough flushing of F2 lines with an inert 
gas should precede any opening of the lines for any reason. 

and results in the formation 
of a protective metallic fluoride film. , iron, and a~uminum and 
copper, as well as certain of their alloys, react in this way at standard 
temperatures and atmospheric pressure. Thus, these metals can be 
passivated by passing F2 gas highly diluted with argon, neon, or nitrogen 
through tubing or over the su th proper precautions and g ra~ua l~y  
increasing the concentration long as the protective coating is not 
cracked or dislodged to create a “hot spot,” passivated apparatus is safe to 
use. 

The reaction of F2 with some metals is 

e a fire has started that involves F2 as an oxidizer, there i 
e way of stopping it other than shutting off the source of F2. 

area should be cleared and the fire allowed to burn itself out. No attempts 
should be made to extinguish the fire by using water or chemicals, as these 
act as additional fuel. Anyone in the vicinity of such a fire shou~d wear 
impervious clothing and supplied-air or self-contained breath~ng appara- 
tus. 

YDROGEN 

2) has an unusual and relatively unknown characte~stic that, 
ions, presents a great hazard. Unlike other gases, the 
creases when the gas is expanded at a temperature 
ion point (-80°C). This is known as the ‘‘inverse 

sometimes emit a flash of fire when the cylinder valve is opened suddenly, 
permitting a rapid escape of gas. It is thought by some that the “inverse 
Joule-Thomson effect” plus the static charge generated by the escaping gas 
may cause its ignition. 

Hydrogen has an extremely wide flammability range, the highest 

t is well known that a cylinder of 
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burning velocity of ai~y gas and, although its ignition temperature is 
reasonably high, a very low ignition energy. Because no carbon is present, 

2 burns with a non~uminous flame that is often invisible in daylight. 
ydrogen is nontoxic. 

Handling Procedures 

ydrogen presents both combustion-exp~osion and fire hazards when 
released from containment. owever, although its wide range of flamma- 
bility and high burning rate accentuate these hazards, its low ignition 
energy, low heat of combustion on a volume basis, and nonluminous (low 
the~al-radiation level) flame are counteracting effects. 

Because of its low ignition energy, when gaseous H2 is released at high 
pressure, nominally rather small sources of heat (e.g., friction and static 
generation) often result in prompt ignition. Accordingly, HZ is frequently 
t~ought  of as “self-igniting” under these circumstances. When HZ is 
released at low pressures, however, self-ignition is unlikely. Hydrogen 
combustion explosions are characterized by very rapid pressure increases 
that are extremely difficult to vent effectively. Open-air or space explosions 
have occurred from large releases of gaseous W2. 

ecause of its very low boiling point, contact en liquid Hz and air 
result in condensation of air (se and its oxygen and 

nitrogen components. A mixture of ygen is potentially 
explosive even though the quantities involved are likely to be small. 
Accidents from this source have been generally restricted to small 
containers of liquid 2 that are hand~ed open to the atmosphere and inside 
liquefaction equi~ment. 

2 is very light, weighing only about 1/15 as 
as air. The accordingly high diffusion rate makes it difficult for W2 to 

accumulate in conventional structures and tends to reduce its combustion- 
explosion hazard. 

Escaping gaseous z seldom presents a “no fire” emergency situation 
cause it either is ignited promptly or rises in the atmosphere rapidly. 
drogen gas vaporizing from the cryogenic liquid near its normal boiling 

point is slightly heavier than air at 20°C and, this causes it, together with 
the visible fog of condensed water vapor created, to spread along the 
ground for sizable distances (depending on leak size and meteorological 

ecause of the low gas density of vapors produced from 
vaporizing cryogenic 2, impounding or diked areas are not 
required. 

tures can extend well beyond the visible cloud. Such 
controlled by water spray. Contact between water and 

At ordinary temperatures, 
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pooled H2 should be avoided to prevent increased vaporization unless the 
vapor can be controlled. 

Water should be applied to containers of 2 exposed to fire, and the flow 
of gas should be stopped if possible. Because a H2 flame is often invisible in 
daylight and produces such low levels of thermal radiation, such flames 

n walked into. Thus, great care should be exercised when 

YDROGEN BROMIDE AND HYDROGEN CHLORIDE 

Toxicity 

Both hydrogen bromide (HBr) and hydrogen chloride (HC1) are highly 
toxic gases, being severely irritating to the upper respiratory tract. The 
acids formed neutralize the alkali of the tissues and can cause death as a 
result of edema or spasm of the larynx and inflamation of the upper 
respiratory system. Concentrations of 0.13-0.2% are lethal for human 
beings in exposures lasting a few minutes. However, because of their odor 
(see below), these gases provide adequate warning for prompt voluntary 
withdrawal from contaminated atmospheres. 

These gases are also corrosive to the skin and mucous membranes and 
can cause severe burns. Exposure to high concentrations may also result in 
dermatitis. Contact with the eyes rapidly causes severe irritation of the 
eyes and eyelids. 

Other Properties 

Hydrogen bromide and hydrogen chloride are corrosive gases that have 
pungent, irritating odors. Although both are colorless, they fume in moist 
air because of their high solubility in water. In the cylinder under pressure, 
both exist in the form of a gas over a liquid [under such conditions, the 
cylinder pressure is equal to the vapor pressure of the substance 
contained-at 25°C this is 4.22 MPa (613 lbfAn.2) for HCl and 2.20 MPa 
(320 lbf/in.2) for HBr.]. As long as liquid is present in the cylinder, the 
pressure will remain fairly constant. Although neither HBr nor HC1 is 
combustible, both react with common metals to form hydrogen, which 
may form explosive mixtures with air. 

Handling Procedures 

Laboratory workers who handle HBr or HC1 should wear protective 
apparel, including rubber gloves, suitable gas-tight chemical safety goggles, 
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and clothing such as a rubber or plastic apron (see Sections I.F.2 and 3). 
Proper respiratory equipment should be available (see Section I.F.4). 

These gases should be handled only in adequately ventilated areas. A 
check valve, vacuum break, or trap should always be used to prevent 
foreign materials from being sucked back into the cylinder because this can 
cause the development of dangerous pressures. 

Leaks of HBr or HCl will be evident by the formation of dense white 
fumes on contact with the atmosphere. Small leaks of HCl can be detected 
by holding an open bottle of concentrated ammonium hydroxide near the 
site of the suspected leak; the formation of dense white fumes confirms the 
existence of a leak. Cylinder-valve leaks can usually be corrected by 
tightening the valve packing nut (by turning it clockwise as viewed from 
above) (see Chapter 1I.E). 

HYDROGEN SULFIDE 

Toxicity See Safety Data Sheet (Section I.E.2). 

Handling Procedures 

Respiratory protective equipment (see Section I.F.4) approved by MSHA 
for hydrogen sulfide (HzS) service should always be readily available in 
places where this material is used and so located as to be easily reached in 
case of need. A gas mask should be used only when the concentration of 
HzS present is low. 

Hydrogen sulfide should never be used from a cylinder without reducing 
the pressure through a suitable regulator attached directly to the cylinder. 

NICKEL CARBONYL 

Toxicity 
Nickel carbonyl [Ni(CO),] is poisonous when taken into the lungs in the 
gaseous form. The effect of the gas is that of poisoning by finely divided 
nickel over the moist pulmonary surfaces, from which it is absorbed in 
soluble form and spreads throughout the system. In nonfatal cases, it is 
gradually eliminated by normal body processes. Symptoms of carbonyl 
poisoning are giddiness, a sick feeling (sometimes with vomiting), and 
short or painful breathing. 
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Handling Procedures 

Nickel carbonyl is both toxic and flammable. No one should be permitted 
to work with the material unless fully familiar with it. In direct sunlight, 
both the liquid and the gas will flash. 

Although Ni(C0)4 has an odor sometimes described as being like “brick 
dust,” little confidence should be placed in detection of the odor because 
some people are unable to recognize it. 

Excellent ventilation, either through hoods, fans, or strong drafts, is of 
utmost importance when Ni(C0)4 is used (see Section 133.8). 

NITRIC OXIDE 

Nitric oxide (NO) does not exist as such in significant concentrations in 
atmospheric air but, in the presence of oxygen, is transformed into 
nitrogen dioxide, a very toxic substance. 

NITROGEN DIOXIDE 

Toxicity 

Nitrogen dioxide (NOS is classed as a primary irritant, acting primarily on 
the lungs and to a lesser extent on the upper respiratory tract. It is 
certainly one of the most insidious of the gases. The inflammation of the 
lungs may cause only slight pain, but the edema that results may easily 
cause death. One hundred ppm of NO2 in air is a dangerous concentration 
for even a short exposure, and 200 ppm may be fatal in a short time. 
Nitrogen dioxide gas is reddish brown, has an irritating odor, and must be 
avoided by the use of an air-purifying respirator equipped with an acid-gas 
cartridge or canister; at concentrations greater than 50 times the TLV, a 
positive-pressure atmosphere-supplying respirator must be used and, in 
IDLH atmospheres, a pressure-demand self-contained breathing apparatus 
or a positive-pressure air-line respirator that has escape-cylinder provisions 
is required. 

Handling Procedures 

Nitrogen dioxide is a deadly poison, and no one should work with a 
cylinder of this substance unless they are fully familiar with its handling 
and its toxic effect. Ventilation is extremely important, and respiratory 
protective equipment should always be available. Only stainless steel 
fittings should be used. 
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OXYGEN 

Oils, greases, and other readily combustible substances should never come 
in contact with oxygen cylinders, valves, regulators, gages, and fittings. Oil 
and oxygen (02) may combine with explosive violence. Therefore, valves, 
regulators, gages, and fittings used in Oz service must not be lubricated 
with oil or any other combustible substance. Oxygen cylinders or 
appar~tus should not be handled with oily hands or gloves. 

Oxygen regulators, hoses, and other appliances should not be inter- 
changed with similar equipment intended for use with other gases. 

2 should not be stored near flammable materials, especially 
oils, greases, or any substance likely to cause or accelerate fire. Oxygen is 
not ~ammable, but supports combustion. Once a pure-oxygen fire begins, 
almost anything, including metal, will bum. 

WOSGENE 

Toxicity See Safety Data Sheet (Section I.E.2). 

Handling Procedures 

Phosgene (60612) is a deadly poison, and no one should work with this 
substance unless they are fully familiar with proper handling procedures 
and its toxic effect. Ventilation is extremely important, and respiratory 

I.F.4). Corrosion 
problems are not serious, and brass fittings may be u 

k in a COCl2 cylinder, the brass cylinder cap should be 
s possible and the cylin ced in the coolest spot that 

tified at once (see Section 

quipment should be available (see Se 

is available. The manufacturer should 
II.E.6). 

Live equipment (see Section I.F.4) of a type approved by 
ioxide (SO2) service should always be readily available 

is substance is used and so located as to be easily 
reached in case of need. en liquid SO2 is used, the eyes should be 
protected by the use of goggles or large-lens spectacles (see Section 13.1). 

Leaks of SO2 may be detected by passing a rag dampened with aqueous 
ammonia over the suspected valve or fitting. White fumes indicate 
escaping sulfur dioxide gas. 
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laboratory worker is well advised to treat any chemical with respect and to 
adhere to good safety practice as outlined elsewhere in these guidelines. 

~ ~ M B I N E ~  EFFECTS OF C ~ E M ~ C A ~  

he user of these sheets should keep in mind that they contain information 
on pure substances and that, because of the innumerable possible 
comb~nations of chemicals, it is not feasible to describe all of the 
conceivable circumstances in which a new hazard can be created. 
Additional hazard may exist because of the formation of new products or 
by-products, because of impurities, or because of synergistic effects. The 
product of the reaction of ammonia and iodine, two common normally 
nonexplosive chemicals, is the highly shock-sensitive explosive, nitrogen 
triiodide. Syntheses of halogenated phenols may give rise to polyhalogenat- 
ed dibenzofurans or polyha~ogenated dibenzo-p-dioxins as unavoidable, 
although limited, by-products. Benzene is sometimes present in toluene, 
and ~-naphthy~amine is present as an impurity in a-naphthylamine; often, 
an impurity may be present in such small concentrations that, despite its 

resents no significant hazard and this is usually true of 
it should be kept in mind that impurities do present a 

potential hazard and that the actual hazard posed by an impurity, 
dependent on its concentration, must be judged in each specific case. The 
effect of ethanol enhances the hepatotoxic effect of carbon tetrachloride 

ecause the nature of the materials present in a given reaction mixture 
may not be known, especially in the research laboratory where new 
preparations are constantly being developed, it is wise to maintain at least 
the same level of safe practice in the disposal of chemical wastes and 
residues as in the actual preparative procedure. This is especially 
important in the case of the nonvolatile residues from distillations, in 
which impurities may be present in concentrated form. 

Odor as an Indicator 

The threshold detection limits for odors of chemicals given in these lists 
are necessarily approximate because of the wide variation in the sensitivity 
of individua~$ to specific odors; an obvious corollary is that the absence of 
odor is not a reliable guide to safe concentration levels in the laboratory 
environment. The hazard of a particular substance depends on its physical 
properties and toxicity and how it is being used. The most hazardous type 
of substance is one that is volatile and highly toxic but has only a faint 
odor or causes olfactory fatigue. For example, hydrogen cyanide has poor 
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warning properties and hydrogen sulfide rapidly produces olfactory 
fatigue. 

HAZARDOUS PROPERTIES OF CLASSES OF CHEMICALS 

Individual chemicals of a class, e.g., aliphatic amides, alcohols, and such, 
vary so 'widely in their hazardous properties that it is not possible to 
generalize for the class. The difference in toxicity between ethanol and 
methanol by the oral route exemplifies this point. Nevertheless, it is 
certainly true that many members of a class of compounds may have 
common or related physical and toxicological properties. 

Therefore, prudence suggests that, until contrary information becomes 
available, it is advisable to assume that a hazard of a known substance may 
also be characteristic of its new close relative. For example, mercury, 
bismuth, osmium, lead, and other heavy metals frequently form toxic 
derivatives. Many diazo compounds and azides are explosives, and several 
polycyclic aromatic substances are carcinogens. Organophosphorus com- 
pounds may be neurotoxins. 

I.E.2 SAFETY DATA S 

The terms used in the Safety ata Sheets are defined below. 

CARCINOGENIC Causing malignant (cancerous) tumors (OS 
and FDA consider any tumor to be either a cancer or a precursor of a 
cancer) 

ONCOGENIC Causing tumors 
TUMORIGENIC Causing tumors 
MUTAGENIC c . heritable change in the gene structure 
~MBRYOTOXIC 

the mother) 
TERATOGENIC 
HUMAN CARCI A substance that has been shown by valid, 

statistically significant epidemiological evidence to be carcinogenic to 
humans 

statistically significant experimental evi ence to induce cancer in 
animals 

ACGIW American Conference of Governmental Industrial Hygienists 
NIOSN National Institute for Occupational Safety and 

us to an embryo  without necessarily poisoning 

cing a malformation of the embryo 

EXPERIMENTAL CARCINOGEN A S stance that has been shown by valid, 
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Le50 The concentration in air that causes death of 50% of the test 
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animals: The test animal and the test conditions should be specified; the 
value is expressed in mgAiter, mg/m3, or ppm 

the skin as a single dose will cause death of 50% of the test animals: The 
test conditions should be specified; the value is expressed in g/kg or 
m g h g  of body weight 

ALC The approximate lethal concentration in air for experimental 
animals: The test animal and the test condition should be specified; the 
value is expressed in mgAiter, mg/m3, or ppm 

The threshold limit value established by the ACGIH: The 
time-weighted average concentration for a normal 8-hour workday or 
40-hour workweek to which nearly all workers may be repeatedly 
exposed, day after day, without adverse effect 

EL Permissible exposure limits for the workplace, set by regulation and 
enforced by OSHA; m of these limit values were originally set, by 
consensus, by the AC to assist industrial hygienists in implement- 
ing exposure control rams. As law, these are listed in 29 CFR 

LDw The quantity of material that when ingested, injected, or applied to 

T L V ~ - T W A  

and subject to revision through the regulatory process. 
CFR Code of Federal Regulations 

CAS Registry No.: 110-22-5 

Structure 
0 0 
ti II 

CH,-C-0-0-C-C 

Physical Properties 

lecular Weight: 118.1 
ysical Fonn: Solid or colorless crystals or liquid 
lting Point: 30°C 

: 43°C (21 mm Hg) 
zard: Severe hazard when shocked or exposed to heat 

Solubility: Slightly soluble in water; soluble in alcohol and hot ether 
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Acetyl peroxide is irritating to the eyes, skin, and mucous membranes via 
the oral and inhalation routes. Application of two drops of a 30% solution 
(in dimethyl phthalate) has caused very severe corneal damage to rabbits. 

Acetyl peroxide is a powerful oxidizing agent and can cause ignition of 
organic materials on contact. There are reports of detonation of the pure 
material; the 25% solution also has explosive potential, and inadvertent 
partial evaporation of even weak solutions can create explosive solutions or 
shock-sensitive crystalline material. 

Special Handling Provisions 

Acetyl peroxide is nearly always stored and handled as a 25% solution in 
an inert solvent. A face shield and rubber gloves should be worn when 
handling the substance, and a safety shield or hood door should be in front 
of apparatus containing it. 

CAS Registry No.: 107-02-8 

Synonyms: 2-Propena1, acrylaldehyde 

Structure 
0 

4 

Physical Properties 

Weight: 56.06 
orm: Colorless to yellowish liquid 

Point: -87°C 
Point: 52.7"C 
int: Less than - 18°C 

1.94 
Specific Gravity (liquid): 0.8427 (2OoC/20"C) 
Vapor Density (air = 1): 
Vapor Pressure: 2 14 mm Hg (20°C) 
Solubility: 

Odor: 

20.8% by weight in water (with which it forms an azeotrope 
boiling at 52.4"C containing 97.4% acrolein) 

Pungent and intensely irritating; threshold = 0.3-0.4 ppm 



Hazards and Precautions for a Selected Group of Chemicals 107 

Toxicity and Hazard 

After 1 min exposure to 1 ppm acrolein, volunteers have experienced slight 
nasal irritation; moderate nasal irritation and almost intolerable eye 
irritation with lacrimation developed in 5 min. At an acrolein level of 5 
ppm, the latter effects were seen in 1 min. Inhalation of air containing 10 
ppm acrolein may be fatal in a few minutes. Inhalation sufficient to cause 
intense lacrymation and nasal irritation may lead to slowly developing 
pulmonary edema in the course of 24 hours. Liquid acrolein in the eye or 
on the skin can produce serious injury. 

Acrolein is highly toxic to animals via the inhalation and the oral routes: 
ALC (rats, 4-hour inha~at~on) = 9 ppm; LDso (rats, oral) = 46 mg/kg. It 
is moderately toxic via skin absorption: LD50 (rabbits) = 200 mg/kg. 
Liquid acrolein is corrosive to skin, and skin sensitization can also occur. 
A 1 % solution of acrolein caused severe eye injury to rabbits, and acrolein 
vapors can also cause damage to the eyes. 

Ninety-day continuous exposure to acrolein at 0.21 and 0.23 ppm had 
no adverse effects on rats, guinea pigs, monkeys, or dogs. There was also 
no effect when the same species were exposed to 0.7 ppm for 6 weeks; 
however, similar exposures at 3.7 ppm produced toxic effects in the 
monkeys and dogs. 

Special Handling Provisions 

The TLV and the OSHA PEL for acrolein are 0.1 ppm (0.25 mg/m3) as an 
8-hour time-weighted average. The exposure limit over any 1 5-min period 
is 0.3 ppm. 

Although the irritating odor of acrolein provides a useful warning, its 
high toxicity makes it advisable to carry out laboratory operations using it 
in a hood. Because of its high volatility and flammability, acrolein should 
not be handled near open flames. 

ACRYLONITRILE 

CAS Registry No.: 107-13-1 

Synonyms: AN, cyanoethylene, 2-propenenitrile, VGN, vinyl cyanide 

Structure 
CHZzCHCEN; C3H3N 
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Physical Properties 

Molecular Weight: 53.06 
Physical Form: Colorless, mobile liquid 
Melting Point: - 82°C 
Boiling Point: 77°C 
Flash Point: - l°C 
Autoignition Temperature: 48 l°C 
Explosive Limits: 
Specific Gravity: 0.806 (20"C/4"C) 
Vapor Density (air = 1): 
Vapor Pressure: 80 mm Hg (20°C) 

Toxicity and Hazard 

Depending on the amount and rapidity of absorption into the body, 
acrylonitrile can produce nausea, vomiting, headache, sneezing, weakness, 
light-headedness, asphyxia, and even death by inhalation, skin contact, or 
inadvertent ingestion. These toxic effects may be partially due to 
conversion of acrylonitrile to cyanide in the body. 

The liquid can irritate eye and skin, and blistering has resulted after 
prolonged, apparently harmless, contact with previously contaminated 
clothing. The previously established workroom air concentration limit 
of 20 ppm appears adequate to prevent most adverse health effects of 
acrylonitrile. OSHA reduced the workplace exposure limit to 2 ppm 
with a ceiling value of 10 ppm for a single daily 15-min excursion 
following reports of cancer induction in animals and concern regarding 
its possible carcinogenicity to humans. Exposures at or lower than 
these levels should afford protection against that health risk. 

Acrylonitrile is a flammable liquid. Fire hazard exists when this 
compound is exposed to heat, flame, or oxidizing agents. The substance 
also presents a moderate explosion hazard when exposed to flame. 
Acrylonitrile can react violently with strong acids, amines, strong alkalis, 
or bromine. 

3.1-17% by volume in air 

1.83 

Special Handling Provisions 

Acrylonitrile is regulated as a human carcinogen by 
1910.1045). The PEL is 2 ppm as an 8-hour time-weighted average or 10 
ppm as averaged over any 15-min period. Dermal or eye contact with 
liquid acrylonitrile is also prohibited. Where feasible, worker exposure 
must be controlled by engineering methods or work practices. Laboratory 
hoods that have been demonstrated to provide sufficient protection should 
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e used, and closed systems are recommended for laboratory operations. 

Use of gloves (see Table 3) goggles when handling liquid acrylonitrile 
is also recommended. 0 regulations also require that exposure 
monitoring be conducted for all acrylonitrile operations to determine the 
airborne exposure levels for workers. In situations where the 15-min or 8- 
hour exposure limits are exceeded and engineering or administrative 
controls are not feasible, respiratory protection must be employed based 
on the expected exposure level. In cases of unknown concentration or fire 
fighting, supp~ied- ai^ or self-contained breathing apparatus with a full 
facepiece operated in the positive- e mode is required. There are 
other detailed r~¶uirements in the standard related to housekeep- 
ing, waste disposal, hygiene facil ployee training, and medical 

anagers and laboratory supervisors should review these 
re¶uir~ments before starting work with acrylonitrile. 

A N I ~ I N ~  

CAS Registry No.: 62-53-3 

Synonyms: Am~nobenzene, benzenamine, pheny~amine 

Structure 

Physical Properties 

oint: 158°C (closed cup) 

miscible in most organic solvents 
taste; thresho~d = 0.5 ppm 
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Toxicity and Hazard 

An oral lethal dose of aniline for humans is 15-30 ml. Skin contact is the 
most common route of entry; the outstanding feature of aniline poisoning 
in humans is cyanosis due to formation of methemoglobin. The symptoms 
of severe exposure are cyanosis, headache, weakness, dizziness, nausea, 
and chills. Onset of symptoms, however, may be delayed up to 4 hours. 

Aniline is moderately toxic via the skin and inhalation routes: 
(rabbits; skin) = 1540 mg/kg, ALC (rats, 4-hour inhalation) = 550 
It is slightly toxic to animals via the oral route: LD50 (rats) = 633 mg/kg. 
Aniline is a moderate eye irritant and can c 

Rats fed 10, 30, or 100 (mg/kg of dy weight)/day of aniline 
hydrochloride for 1 year experienced decreased red blood cell counts and 
~emoglobin concentrations and alterations of the spleen. Dogs, rats, mice, 
and guinea pigs exposed to 5 ppm aniline in the air daily for 6 months 
showed only slight methemoglobin. Exposure to 20 or 35 ppm caused 18- 
43% mortality; changes were seen in the liver, kidney, and spleen, and 
there was a marked effect on the composition of the blood. 

Lifetime feeding studies in animals thus far do not answer the question 
of carcinogenicity but, if aniline is a carcinogen, it is not a potent one in 
animals. Animal studies now in progress should answer the question. 
Epidemiological studies of aniline workers have not found a relationship 
between aniline exposure and bladder tumors. 

se mild skin irritation. 

Special   and ling Provisions 

The TLV for aniline is 2 ppm (10 mg/m3) as an 8-hour time-weighted 
EL is 5 ppm. These limits include a waming about 

the potential contribution of skin absorption to the overall exposure. 

that readily penetrates the skin, it should be handled carefully. 
laboratory operations should be carried out in a hood, and skin contact 
should be avoided by appropriate use of protective apparel, e.g., rubber 
gloves and aprons. 

Because aniline, like many aromatic amines, is a rather toxic subs 

CAS Registry No.: 71-43-2 

Synonyms: Benzol, phenyl hydride, coal naphtha, mineral naphtha 
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Structure 

Physical Properties 

Molecular Weight: 78.1 
Physical Form: Colorless liquid 
Melting Point: 6°C 
Boiling Point: 80°C 
Flash Point: - 11°C 
Explosive Limits: 
Specific Gravity: 0.8787 (20"C/4T) 
Vapor Density (air = 1): 2.8 
Vapor Pressure: 
Solubility: Miscible with most organic solvents 

1.3-7.1% by volume in air 

95 mm Hg (20°C) 

Toxicity and Hazard 

In humans, acute inhalation exposure to benzene can produce a picture of 
acute delirium, characterized by excitement, euphoria, and restlessness 
and, if the exposure is significantly high, the symptoms may progress to 
depression, drowsiness, stupor, and even unconsciousness. The concentra- 
tion required to produce this symptom complex is 10o0 ppm or higher. 
These concentrations will also produce irritation of the eyes, nose, and 
respiratory tract. 

Chronic inhalation exposure to 25-50 ppm of benzene can produce 
changes in the blood picture that include macrocytosis, decrease in the 
total red blood count, decrease in platelets, decrease in the hemoglobin 
concentration, or decrease in leukocytes. Any or all of these hematologic 
effects may be seen in any individual. Usually, the worker will be 
asymptomatic while these effects are observed in the blood picture. 
Continued exposure at somewhat higher concentrations (probably more 
than 100 ppm) can insidiously result in a more severe blood picture that 
includes leukopenia or even aplastic anemia, with symptoms of headaches, 
dizziness, loss of appetite, nervousness, irritability, and perhaps bleeding 
manifestations, Le., nosebleeds, easy bruisability, or hematuria. Severe 
cases may have fatal outcomes. 

Recently, a number of reports have been published that describe 
leukemia in workers who have had aplastic anemia. These cases have been 
reported in Italy and Turkey in workers exposed to grossly high 
concentrations of benzene. In addition, there is some indication that an 
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excess of leukemia may occur without a preceding picture of aplastic 
anemia in workers who have been repeatedly exposed to benzene at 
concentrations of more than 100 ppm. 

Special Handling Provisions 

The current EL for benzene [29 CFR 1910. 
10 ppm as an %hour time-weighted average, 2 
concentration for time periods such that the 8-hour 
and a peak above the ceiling of 50 ppm for no more 

enzene is a f l a ~ ~ a b ~ e  ~iquid and should not be exposed to heat or 
explosion hazard also exists when its vapors are exposed to 
zene may react vigorously with oxidizing agents such as 

uoride, chlorine, chromic acid, n chlorate, oxygen, 
ozone, perchlorates, aluminum chloride plus flu rchlorate, sulfuric 
acid plus permanganates, potassium peroxide, silver perchlorate plus 

sodium peroxide. 
rations in laboratories should be carried out in closed 

systems or in laboratory hoods that have been shown to have adequate 
protection factors to prevent s~gni~cant worker exposure. When contact 
with liquid benzene possible, skin-protect~on measures (see Table 3) 
should be emp~oyed. th benzene, the worker shou l~  
consult the ires more stringent precaut~ons 

GAS Registzy NO: 50-32-8 

Structure 

P~ysical Properties 
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Physical Form: Yellowish plates 
Melting Point: 179°C 
Boiling Point: 3 1 1°C 
Solubility: Soluble in toluene, benzene, and xylene; sparingly soluble in 
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methanol and ethanol 

Toxicity and Hazard 

There is very little information available on the acute (single-dose) toxicity 
of benzo[a]pyrene. Its acute oral toxicity is very low, probably because it is 
poorly absorbed by the gastrointestinal tract. Single contact with a 1% 
solution in toluene does not cause skin irritation, but repeated contact can 
cause systemic effects. 

The TLV committee of ACGIH has !rated benzo[a]pyrene as an 
occupational substance “suspect of oncogenic potential for workers.” 
Although there are insufficient data to prove its carcinogenicity in humans, 
benzo[a]pyrene is a well-established animal carcinogen, affecting a variety 
of tissues including lungs, skin, and stomach. It is known to occur in coal- 
tar and other carcinogenic mixtures and has been identified as an active 
constituent of carcinogenic pitch. 

Special Handling and Provisions 

No TLV for benzo[a]pyrene has been set. Its carcinogenic potency in 
animals is high enough to justify the use of Procedure A (see Section I.B.8) 
when handling more than a few milligrams in the laboratory. 

BIS(CHLOR0METHUL)ETHER 

CAS Registry No.: 542-88-1 

Synonyms: Methane, oxybis(ch1oro)-; BCME chloromethyl ether; di- 
chloromethyl ether; ether, bis(chloromethy1) 

Structure 
ClCH2 OCHz Cl; C2 H4 Clz 0 

Physical Properties 

Molecular Weight: 115.00 
Physical Form: Colorless liquid 
Melting Point: -41.5”C 
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Boiling Point: 104°C 
Specific Gravity (liquid): 1.3 15 (20"C/4"C) 
Vapor Density (air = 1): 4.0 
Solubility: 

Odor: Suffocating 

Miscible in a11 proportions with ethanol, ether, and many 
organic solvents; decomposes in water to give HCI and formaldehyde. 

Toxicity and Hazard 

Because of the high volatility of bis(ch1oromethyl)ether ( 
tion is the route of exposure that presents the greatest hazard to humans. 
BCME vapor is severely irritating to the skin and mucous membranes and 
can cause corneal damage that heals slowly. The substance has caused 
lung cancer in humans. 

BCME is highly toxic to animals via inhalation: LDso (rats, 7-hour 
inhalation) = 7 ppm. It is moderately toxic via the oral and skin routes: 
LD50 (rats, oral) = 280 mg/kg; LDso (rabbits, skin) = 368 mg/kg. Its 
vapors are strongly irritant to the eyes of rats. 

Rats and hamsters subjected to 10 or 30, 6-hour exposures of 1 ppm 
BCME showed evidence of tracheal and bronchial hyperplasia, as well as 
effects on the central nervous system. 

BCME is carcinogenic to mice following inhalation, skin application, or 
subcutaneous administration. In newborn mice, it is carcinogenic after a 
single subcutaneous exposure. In the rat, it is carcinogenic by inhalation 
and subcutaneous administration. BCME is a lung carcinogen in humans. 

Special Handling Provisions 

The TLV for BCME is 0.001 ppm (1 ppb; 5 pg/m3). The substance is 
classified by ACGI as a human carcinogen. OSHA has classified BCME 
as a cancer-suspect agent and has stringent regulations (29 CFR 
1910.1008) for its use if its concentration in a material exceeds 0.1 %. The 
regulations, which call for more precautions than does Procedure A (see 
Section I.B.8), should be consulted before starting work with BCME. 

ROMINE 

CAS Registry No.: 7726-95-6 

Structure 
Brz 
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Physical Properties 

Molecular Weight: 159.83 
Physical Form: Dark reddish-brown liquid 
Melting Point: - 7.27"C 
Boiling Point: 58.8"C 
Flash Point: None 
Specific Gravity (liquid): 3.11 (20"C/4T) 
Vapor Density (air = 1): 
Vapor Pressure: 
Solubility: Soluble in alcohol, ether, chloroform, and carbon disulfide 
Odor: 

3.5 
175 mm Hg (20°C) 

Irritating and penetrating; threshold = 1.5-3.5 ppm. 

Toxicity and Hazard 

Fourteen mg/kg of Brz is a lethal oral dose for humans. Inhalation of Br2 
has caused coughing, nosebleeds, dizziness, and headache, followed after 
some hours by abdominal pain, diarrhea, and skin rashes. Severe irritation 
of the respiratory passages and pulmonary edema can also occur. 
Lacrimation occurs at levels of less than 1 ppm. It is reported that 40-60 
ppm are dangerous for short exposures, and 1 ppm can be fatal. The 
substance produces irritation and destruction of the skin with blister 
formation. Severely painful and destructive eye burns may result from 
contact with either liquid or concentrated vapors of Brz. 

Bromine is moderately toxic to animals via the inhalation route and 
slightly toxic via the oral route: LCso (mice, 1.7-hour inhalation) = 240 

SO (rats, oral) = 3 100 mg/kg. The respiratory irritation threshold 
for Br2 in rats is 1.4 ppm. 

Rats fed 0.01 mg/kg Br2 for 6 months experienced changes in their 
conditioned reflexes and several blood indexes. Rats, mice, and rabbits 
inhaling 0.2 ppm of Brz for 4 months developed disturbances in the 
functions of their respiratory, nervous, and endocrine systems; 0.02 ppm 
did not cause any adverse effects. 

Special Handling Provisions 

The TLV and the OSHA PEL for r2 are 0.1 ppm (0.7 mg/m3) as an 8- 
hour time-weighted average. The exposure limit suggested by ACGIH is 
0.3 ppm over any 15-min period. 

Splash goggles and rubber gloves (see Table 3) should be worn when 
handling more than a few milliliters of pure liquid Brz. Although the 
irritating odor of Brz provides a warning, it is best to carry out laboratory 
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operations with it in a hood. Accidental contact with the skin must be 
immediately counteracted by washing with water. A worker whose 
clothing has been doused with liquid Brz is in severe danger unless the 
affected clothing is removed immediately. 

CARBON DISULFIDE 

CAS Registry No.: 75-15-0 

Synonyms: Carbon bisulfide, dithiocarbonic anhydride, sulphocarbonic 
anhydride 

Structure 
s=c=s ; csz 

Physical Properties 

Molecular Weight: 76.14 
Physical Form: Colorless liquid 
Melting Point: - 108.6"C 
Boiling Point: 46.3"C 
Flash Point: 
Flammable Limits: 
Autoignition Temperature: 100°C 
Specific Gravity: 1.2626 (20°C) 
Vapor Density (air = 1): 2.63 
Vapor Pressure: 

- 30°C (closed cup) 
1.25-50.0% by volume in air 

360 mm Hg (25°C) 

1 mdm3 = 0.32 ppm 
Solubility: 0.22 d100  ml water (22°C); miscible with alcohol, ether, and 

benzene 
Odor: Almost odorless when pure; commercial samples may have a 

disagreeable odor due to trace of other sulfur compounds 

Toxicity and Hazard 

Carbon disulfide is rapidly absorbed when inhaled, and inhalation can 
produce acute poisoning. Poisoning can also occur from 
has been known to occur after ingestion of as little as 15 ml. 

Acute poisoning by ingestion or inhalation can produce narcosis, 
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delirium. This may s to areflexia, paralysis, coma, 
ritis have been reported as 

eported that exposure in excess of 500 ppm is required 

ting from chronic exposure was reported frequently in 
re but rarely in the last 10 to 20 years. Chronic exposure 

mani~estations with mental disorders, 
ralysis, par~insonism, and blindness or 

es, loss of strength, and paresthesias. 
cts have been attributed to cerebral 

damage with symptoms related to central nervous system damage 
involving pyramidal, extrapyram~da~, and pseudobu~bar tracts. There are 
also reports of hypertension, renal da ed cholesterol, and early 
arteriosclerosis. Some recovery fro s is the rule, but such 
recovery is slow, occurring over months or years, and some paralysis may 

ersist. There have also been reported effects on the reproductive system in 
0th sexes, with women having menstrual disorders, abortions, and 

~ n ~ e r t i ~ ~ t y ,  and males having spermatic disorders. 
Carbon disu~fi~e is a very flammable substance; a steam pipe or even a 

hot radiator can ignite its vapors. It also has a very wide range of explosive 
thus should not be exposed to sparks, or 
ulfide reacts violently with alum ne, azides, 
ne monoxide, ethylene diamice, ethyleneimine, fluo- 

rine, ~ t ~ i u m  azide, nitric oxide, nitrogen tetroxide, sulfuric acid plus 
permanganates, potassium, potassium azide, rubidium azide, zinc, and 
various other oxidizing agents. When CSZ is used to desorb organic 
materials from activated charcoal, as in the case of air sample analysis, a 
significant amount of heat can be liberated. 

e acute effects will be noted. 

n d i i n ~  Provisions 

u~ations require that worker 8-hour time-weighted average 
exposures not exceed 20 ~~~; ceiling levels of 30 ppm are acceptable to the 
point that the 8-hour TWA is not exceeded, and additional peak exposures 

o more than 30 min are allowable. ACGIH has 
time-weighted average exposure to 10 ppm 

orption can significant~y contribute to toxic 

le 3) and protective apparel should be used when 
As much as possible, laboratory operations should be 
that has protection ors high enough to prevent 

or to closed systems. 

effect. 
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CARBON TETRACHLORIDE 

CAS Registry No.: 56-23-5 

Synonyms: Halon 104, perchloromethane, tetrachloromethane 

Structure 
eel4 

Physical Properties 

Molecular Weight: 153.8 
Physical Form: Liquid 
Melting Point: - 23°C 
Boiling Point: 76.5"C 
Specific Gravity: 1.5940 (20"C/4"C) 
Vapor Density (air = 1): 
Vapor Pressure: 1 15 mm Hg (25°C) 
Solubility: 0.080% in water (25°C); miscible with most organic solvents 

5.3 

Toxicity and Hazard 

Although inhalation of CC14 can cause depression of the central nervous 
system with dizziness eadaches, depression, mental confusion, and even 
unconsciousness, suc effects probably are the result of exposure at 
concentrations of 100-500 ppm, and serious poisonings rarely occur. 
Ingestion of as little as 4 ml of cc14 has been reported to be fatal. Many 
deaths have occurred from accidental ingestion; the early initial symptom 
is central nervous system depression, which usually clears the second day. 
Then, if the dose has been large enough, the victim may become jaundiced 
and, if the dose is sufficiently large, he or she may die in a few days. If the 
dose is smaller, the liver effects partially abate, only to have the victim go 
into renal failure with anuria, oliguria, uremia, proteinuria, and possibly 
death. Acute inhalation has produced almost the identical picture. In 
addition, occasionally, very brief inhalations of CC14 have been reported to 
produce sudden death thought to be due to ventricular fibrillation. 

Chronic inhalation of CC14at concentrations of 10-100 ppm has resulted 
in liver damage, which can be detected by abnormal liver function tests, 
and liver biopsies have disclosed centrilobular necrosis. Chronic exposure 
in animals has resulted in the appearance of cirrhosis and of hepatomas. 
There is little information regarding effects of chronic exposure in humans 
other than the laboratory abnormalities as described. A few cases of 
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cirrhosis and hepatic cancer have been reported, but causal relationship to 
CCb is difficult to confirm or deny. Prolonged exposure of the skin to the 
solvent can result in extreme dryness and fissuring, with redness and some 
secondary infection. 

Ingestion of alcohol has been implicated repeatedly as predisposing the 
worker to increased effects of liver damage from ccb exposure. 

Although cc14 is nonflammable, on exposure to heat or flame it may 
decompose with the formation of phosgene. Severe reaction has been 
observed with allyl alcohol, aluminum, tetraethylaluminum, barium, 
benzoyl peroxide plus ethylene, beryllium, bromine trifluoride, calcium 
hypochlorite, diborane, ethylene, dimethyl formamide, disilane, fluorine, 
lithium, magnesium, liquid oxygen, plutonium, silver perchlorate plus 
hydrochloric acid, potassium tert-butoxide, sodium, potassium, tetrasilane, 
trisilane, uranium, zirconium, and burning wax. 

Special Handling Provisions 

The current OSHA PEL and TLV are 
25 ppm as a ceiling for any of time provided the 8-hour 

average is not exceeded, and 200 ppm for 5 min in a 4-hour period; in 
1980, the ACGIH proposed a change to 5 ppm for an 8-hour time- 
weighted average and a ceiling exposure level of 20 ppm for up to 15 min 
on the basis that carcinogenic potential in 
humans. ACGIH tact may account for a 
substantial part of toxic response. 

Because the carcinogenic potency of cc14 is low, Procedure B (see 
Section provides ad tection for laboratory operations in 
which i d. All opera d be carried out in a hood, not only 
because of the carcinogenicity of the substance, but also because of its 
other toxic effects and its volatility. er is the recommended 
material for gloves and other protectiv 

CHLORINE 

CAS Registry No.: 7782-50-5 

Structure 
( 3 2  
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Physical Properties 

Molecular Weight: 70.91 
sical Form: Greenish-yellow gas 
ting Point: - I O l T  

oiling Point: - 34.1”C 
Flash Point: Not flammable 

Odor: Penetrating 

Toxicity and Hazard 

mans can generally detect the odor of chlorine at about 0.3 ppm. 
imal irritation of the throat and nose are noticed at about 2.6 ppm and 

. at a range of 2.6-41.0 ppm, a group of painful irritation at about 3. 
“trained i n d u s t ~ a ~  hygienis 
response to chlorine is less p 

~xperimentally determined re 
very consistent. Throat irritation 
exposure for medical purpo 
1 hour did not result in serious or 
about 17 ppm causes coughing, an 

a. 
exposure to 14-21 ppm for 30 min to 1 hour is regarded as 
and may, after a delay of 6 or more hours, result in death from 

anoxia due to serious pulmonary edema. For rats, the LCSO (1 hour) = 
293. 

been well documented. Animal e 
exposure to approximately 1.7 for 1 hour per day may cause 
deterioration in the n~tritional state, blood a~teration, and decreased 
resistance to disease. 

Chronic effects on humans from long-term low-level exp 
res have indicated 

Special Handling Conditions 

A PEL are 1 ppm (3 mg/m3) as a ceiling. NIOSN 
has recommended a ceiling limit of 0.5 ppm over any 15-min period. The 
ACGIR 15-min exposure limit is 3 ppm. 

Chlorine should be kept away from easily oxidized materials. Chlorine 
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reacts readily with many organic chemicals, sometimes with explosive 
violence. Because of the high toxicity of chlorine, laboratory operations 
using it should be carried out in a hood (see Section I.B.7) and appropriate 
gloves (see Table 3) should be worn. 

CHLOROFORM 

CAS Registry No.: 67-66-3 

Synonym: Trichloromethane 

Physical Properties 

Molecular Weight: 119.39 
Physical Form: Colorless liquid 
Melting Point: -63.5'6 
Boiling Point: 6 1.26"C 
Flash Point: None 
Specific Gravity: 1.49845 (1YC) 
Vapor Pressure: 100 mm Hg (10.4"C) 
Vapor Density (air = 1): 4.12 
Solubility: 0.74% in water (25°C); miscible with most organic solvents 

Toxicity and Hazard 

Inhalation exposure to CHCL at concentrations greater than 1000 ppm can 
produce dizziness, nausea, and headache. At higher concentrations, there 
can be disorientation and delirium progressing to unconsciousness. Such 
high exposures can also produce liver and possibly kidney damage. It is 
believed that CHC13 can sensitize the heart to adrenaline, so it may cause 
cardiac arrhythmias and possibly death. 

High concentrations of the vapor can produce conjunctivitis. Liquid 
CHCh in the eye will produce a painful corneal injury that usually heals in 
several days. 

Chronic exposure to CHC13 at concentrations of 100-200 ppm has been 
reported to produce enlarged livers. Continued contact with the skin can 
produce drying, fissuring, and inflammation. 
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In experimental studies, prolonged ingestion of high levels of CHCL by 
mice resulted in liver cancers and by rats, kidney tumors. 

Although the fire hazard of CHC13 is slight, exposure to heat or flame 
can result in generation of phosgene gas. CHC13 reacts violently with 
acetone plus a base, aluminum, disilane, lithium, magnesium, nitrogen 
tetroxide, potassium, perchloric acid plus phosphorus pentoxide, potassi- 
um hydroxide plus methanol, potassium tert-butoxide, sodium, sodium 
hydroxide plus methanol, sodium methylate, or so 

Special Handling Conditions 

The current PEL for CHCl3 is 50 ppm as an 8-hour time-weighted 
average. Thi ard is also a ceiling level that should not be exceeded 
for any 15-min period. The ACGIH currently recommends that CHCl3 be 
treated as a suspect human carcinogen and recommends an 8-hour time- 
weighted average exposure of 10 ppm. 

Although CHCI3 has caused tumors in animals, its potency is low. 
ence, Procedure B (see Section I.B.7) provides adequate protection 

during laboratory operations with it. The high volatility of CHC13 
emphasizes the importance of a hood for such operations. Polyvinyl 
alcohol gloves provide the best hand protection. 

DIETHYL ETHER 

CAS Registry No.: 60-29-7 

Synonyms: Ethane, l,l'-oxybis-; ethyl ether; ether 

Structure 
CH3 CH2 OCHZ CH3 ; C4 H i  0 0 

Physical Properties 

Molecular Weight: 74.12 
Physical Fom:  Colorles's liquid 
Melting Point: 
Boiling Point: 34.6" 
Flash Point: -45" (closed cup) 
Explosive Limits: 1.9-36.5% by volume in air 
Autoignition Temperature: 180°C 
Specific Gravity (liquid): 0.7 146 (20"C/20"C) 

- 116.3"C (stable crystals) 
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Vapor Density (air = 1): 2.55 
Vapor Pressure: 438.9 mm Hg (20°C) 
Solubility: 8.43 wt-% in water (ISOC); 6.05 wt-% in water (25°C) 
Odor: Sweetish, pungent (characteristic); threshold = 0.2 ppm 

Toxicity and Hazard 

Repeated exposure of humans to diethyl ether via inhalation has caused 
loss of appetite, exhaustion, headache, and other symptoms. General 
anesthesia occurs at a concentration of 3.6-6.5% in air. 
found diethyl ether irritating to the nose but not to the eyes or throat at a 
level of 200 ppm. Acute overexposure produces vomiting, paleness, 
irregular respiration, and low pulse rates and body temperatures. The 
human oral lethal dose for diethyl ether is about 420 mg/kg. 

Diethyl ether is slightly toxic to animals via the oral route: LD50 (rats) 
= 1700 m a g .  It is a mild skin irritant. Its absorption through the skin is 
not usually great enough to cause a deleterious effect. Diethyl ether can 
cause eye irritation but not any permanent damage. It has very low 
toxicity via inhalation: Le50 (mice, 3-hour inha~ation) = 42,500 ppm. 

Diethyl ether is hazardous in several ways. Diethyl ether readily forms 
explosive peroxides on exposure to air, sometimes leading to explosive 
residues when it is distilled. 

Special Handling Conditions 

The TLV and the OSHA PEL for diethyl ether are 400 ppm (1200 mg/m3) 
as an 8-hour time-weighted average. The exposure limit is 500 ppm over 
any 15-min period. 

Because of its high volatility and flammability, diethyl ether should be 
used in a hood that has a spark-proof mechanical system and be kept well 
away from flames or sparking devices. It should be stored in a cool place, 
preferably an explosion-proof refrigerator. Opened bottles of diethyl ether, 
even those containing an oxidation inhibitor such as BHT, should not be 
kept more than a few months to avoid the hazard of peroxide formation. 
Uninhibited ether, such as that specifically prepared for anesthesia use, 
should be handled with particular care. 

DIMETHYLFO~MAMIDE 

CAS Registry No.: 68-12-2 

Synonym: DMF 
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Structure 
0 // 

HC-N(CH3)z ; C3 H7 NO 

Physical Properties 

Molecular Weight: 73.1 
Physical Form: Colorless, mobile liquid 
Melting Point: -61°C 
Boiling Point: 152.8"C 
Flash Point: 136°C 
Autoignition Temperature: 445°C 
Explosive Limits: 2.2-15.2% by volume in air at 100°C 
Specific Gravity: 0.9445 (25"C/4"C) 
Vapor Density (air = 1): 2.5 1 
Vapor Pressure: 3.7 mm (25°C) 

[Toxicity 

Human overexposure to DMF may produce gastrointestinal effects. 
Employees in a French textile plant using DMF developed digestive 
symptoms including burning, nausea, vomiting, and stomach cramps, 
probably from irritation of the digestive mucosa. The symptoms subsided 
with absence from work and reappeared when work was resumed. 

In experimental studies, animal exposures indicate that dimethylform- 
amide is only slightly toxic via the inhalation and the oral routes: Lc50 

(rats) = 5000 ppm and LD50 (rats, oral) = 3967 m a g .  It is moderately 
toxic when placed on the skin: LDSO (rabbits, percutaneous) = 4720 
m a g .  When placed on the skin, it produced slight inflammation of the 
skin, and when placed in the eye, it produced corneal injury. 

Animal experimentation also indicates that dimethylformamide is not a 
teratogen. 

The fire hazard of dimethylformamide is only moderate when the 
substance is exposed to heat or flame. Materials for which contact should 
be avoided include inorganic nitrates, bromine, chromic acid, organic 
nitrates, phosphorus pentoxide, and tetraethylaluminum. 

Special Handling Provisions 

The current OSHA PEL for dimethylfonnamide is 10 ppm as an 8-hour 
time-weighted average. It is advised that significant toxicity can result 
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from skin contact. 
bly of butyl rubber 

monosulfate; sulfuric 

Structure 
0 
II 

Physi~al Properties 

rolyzes to sulfuric acid and 

Odor: Slight; not d~stinctive 

g have been reported. The common initial 
giddiness, with burning of the eyes. The 

patient’s condition may worsen, h painful eyes, nose and throat 
irritation, loss of voice, coughing, ulty in breathing and swallowing, 
vomiting, and diarrhea possible. nset of these symptoms may be 
delayed for up to 10 hours. 

S can be absorbed Skin contact causes blistering and necrosis, an 
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through the skin in sufficient quantity to cause systemic intoxication. In 
the worst cases, there is severe inflammation of the mucous membranes 
and pulmonary injury that may be fatal; several deaths have occurred. For 
example, exposure to 97 ppm for 10 min was fatal. 

DMS is moderately toxic to animals via the oral route: LD50 (rats) = 
440 mg/kg. Undiluted DMS produced moderate to severe irritation when 
applied to the skin of guinea pigs; 1% DMS produced mild irritation. 
DMS does not cause skin sensitization in animals. Undiluted DMS applied 
to rabbit eyes produced severe injury. Even a l-hour exposure to 58 ppm 
has resulted in permanent eye damage in rats. During a 4-hour exposure, 
30 ppm DMS killed five out of six rats, but 15 ppm was not lethal. 

DMS has been shown to be carcinogenic in the rat by inhalation, 
subcutaneous injection, and following prenatal exposure. By inhalation, 
tumors developed in rats following 1 hour per day exposures to 10 ppm 
DMS for 130 days. 

Special Handling Conditions 

The TLV for DMS is 0.1 ppm (0.5 mg/m3) as an 8-hour time-weighted 
average. DMS is classified as being suspect of carcinogenic potential in 
humans by the ACGIH. The OSHA PEL for DMS is 1.0 ppm. These 
limits include a warning of the potential contribution of skin absorption to 
the overall exposure. 

Procedure A (see Section I.B.8) should be used when handing more than 
a few grams of DMS in view of its fairly high carcinogenic potency in rats 
by inhalation and its ability to penetrate the skin. It is particularly 
important to avoid skin contact by appropriate use of rubber gloves, a 
rubber apron, and other protective apparel and to avoid inhalation of even 
low concentrations of vapor by working in a hood. 

DIOXANE 

CAS Registv No.: 123-91-1 

Synonyms: p-Dioxane; 1,4-diethylene dioxide; 1 ,4-dioxane; 1,4-dioxacy- 
clohexane 
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Structure 

c4 H8 0 2  

Physical Properties 

Molecular Weight: 88.10 
Physical Form: Colorless liquid 
Melting Point: 11,EYC 
Boiling Point: 101.3"C 
Flash Point: 11°C 
Specific Gravity (liquid): 1.03 (20"C/4"C) 
Vapor Density (air = 1): 
Vapor Pressure: 
Solubility: 

Odor: Faintly alcoholic; threshold = 5.7 ppm. 

3 
37 mm Ng (25°C) 

Miscible in all proportions with water, acetone, alcohols, and 
most organic solvents 

Toxicity and Hazard 

A worker who was exposed via the skin and inhalation routes to 500 ppm 
of dioxane for 1 week died. Autopsy revealed damage to the kidney, liver, 
and brain. Symptoms of inhalation overexposure include irritation of the 
upper respiratory tract, coughing, eye irritation, vertigo, headache, and 
vomiting. An airborne concentration of 300 ppm of dioxane causes 
irritation of the eyes, nose, and throat. At lower levels, exposure sufficient 
to cause harm can occur before one realizes it through smell or irritation. 
Prolonged or repeated skin contact can produce drying and fissuring of the 
skin. Dioxane forms explosive peroxides in contact with air, especially in 
the presence of moisture. 

Dioxane is slightly toxic to animals via the skin: LD50 (rabbits) = 7600 
mgkg  and has a very low toxicity via the oral route: LDso (rats) = 7120 
mgkg. No skin irritation was seen in rabbits or guinea pigs from a 25% 
aqueous solution. However, dioxane is irritating to the skin on prolonged 
or repeated contact. Dioxane caused mild, transient injury in rabbit eyes. 
It is slightly toxic on inhalation. No serious symptoms were seen in guinea 
pigs exposed to 2000 ppm for several hours. However, exposure to 30,000 
ppm for 3 hours was lethal. 
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Rats and mice given drinking water containing 5% dioxane for 30-60 
days experienced severe liver and kidney damage. Animals exposed to 
IO00 ppm dioxane in air for 135 exposures also had liver and kidney 
damage. However, rats exposed to 111 ppm for 2 years experienced no 
significant adverse effects. 

Dioxane is a weak animal carcinogen. Tumors developed in rats and 
guinea pigs at feeding levels of about 1% in the diet. 
liver tumors, and guinea pigs had gall bladder and live 
study, rats receiving 0.1% dioxane in their water for their lifetime were 
without adverse effects. Rats exposed to 11 1 ppm of airborne dioxane for 2 
years showed no compound-related effects. 

Special Hundling Provisions 

Dioxane is the principal ingredient of Bray’s solution (scintillation 
cocktail), and uninhibited solutions have been known to explode if left for 
a period of time. 

The current TL dioxane is 50 ppm (180 mg/m3) [with a notice 
(1980) of intended e to 25 ppm] as an 8-hour time-weig 
The exposure limit is 100 ppm over any 15-min period. The 
for dioxane is 100 ppm. These limits include a warning about 
contribution of skin absorption to the overall exposure. 
recommended (1977) a ceiling of 1 ppm in any 30-min period. 

Although dioxane has caused tumors in animals, these have occurred 
only by prolonged exposure to very large amounts and, hence, it is 
considered a carcinogen of such low potency that no special precautions 
beyond normal good laboratory practice are needed for working with it. 
Nitrile rubber is the preferred material for gloves and other apparel used to 
protect against skin contact. The high volatility of the compound requires 
that all laboratory operations with it be carried out in a hood. Because it is 
miscible in water, prompt washing is an effective way to remove dioxane 
that has accidentally contacted the skin. 

ETHYLENE DIBROMIDE 

CAS Registry No.: 106-93-4 

Synonyms: 

Structure 
BrCH, CHz Br; C, €L, Br, 

1 ,ZDibromoethane; ethylene bromide; ED 
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Physical Properties 

Molecular Weight: 187.88 
Physical Form: Colorless liquid 
Melting Point: 9.79”C 
Boiling Point: 132°C 
Flash Point: Nonflammable 
Specific Gravity (liquid): 2.1792 (20°C) 
Vapor Density (air = 1): 6.5 
Vapor Pressure: 
Solubility: 0.43 g/100 ml water (30°C); miscible with most 

Odor: 

12 mm Hg (25°C) 17.4 mm Hg (30°C) 

solvents 
Sweet; threshold = 10 ppm 

organic 

Toxicity and Hazard 

The approximate oral lethal dose of EDB for humans is 5 ml. Skin 
adsorption of EDB can also cause death, and inhalation of the vapor can 
produce pulmonary edema. EDB can cause severe irritation to all exposed 
tissues, respiratory tract, skin, and eye. Systemic effects include central 
nervous system depression, kidney injury, and severe liver necrosis. 

Ethylene dibromide is highly toxic to animals via inhalation. The 
maximum survival exposures of rats to EDB vapors in air are 3000 ppm 
for 6 min, 400 ppm for 30 min, and 200 ppm for 2 hours. It is moderately 
toxic via the oral and skin routes: LDso (rats, oral) = 140 mg/kg; LDso 
(rabbits, skin) = 300 mg/kg. EDB is markedly irritating to skin, and a 
10% solution has caused serious but reversible corneal injury in rabbit 
eyes. 

Rats were repeatedly exposed to 50 ppm EDB for 6 months. Half died 
from pneumonia and upper respiratory tract infections. Slight changes in 
the liver and kidney were seen. 

EDB has induced a high incidence of tumors (squamous-cell carcinomas 
of the forestomach) in mice and rats following oral administration. 

Special Handling Conditions 

The 1979 TLV for EDB was 20 ppm (155 mg/m3) as an 8-hour time- 
weighted average. The exposure limit is 30 ppm over any 15-min period. 
These limits included a warning about the potential contribution of skin 
absorption to the overall exposure. In 1980, the ACGIH put EDB in 
category Alb (human carcinogen). For this category, there is no assigned 
TLV, but the ACGIH recommends that those working with Alb 
carcinogens should be properly equipped to ensure virtually no 
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with the carcinogen. The OSHA PEL for EDB is 20 ppm, and the 
acceptable maximum peak is 50 ppm for 5 min in any 8-hour time period. 

On the basis of the carcinogenicity data for EDB, Procedure A (see 
Section I.B.8) should be followed when handling more than a few grams in 
the laboratory. Serious skin injury can occur from direct exposure to EDB. 
The substance can penetrate neoprene and several other types of plastic; 
therefore, gloves and other protective apparel of these materials provide 
only temporary protection if EDB spills on them. 

FORMALDEHYDE 

CAS Registv No.: 50-00-0 

Synonyms: Formalin (this name applies to 30-55% aqueous solutions) 

Structure 

Physical Properties 

Molecular Weight: 30.03 
Physical Form: Colorless gas or aqueous solution or solid polymer 

Melting Point: - 92°C (gas) 
Boiling Point: 
Flash Points: 

(paraformaldeh ye) 

- 19°C (gas); a 37% aqueous solution boils at about 98°C 

37% formaldehyde solution containing 
6% methanol 72.2"C (closed cup) 

10% methanol 63.8"C (closed cup) 
15 % methanol 50°C (closed cup) 

Explosive limits: 7-73% by volume in air 
Specific Gravity (liquid): 0.8 15 (20°C) 
Vapor Density (air = 1): 1.075 (gas) 
Vapor Pressure: 
Solubility: Very soluble in water; soluble in ether, alcohol, and most 

Odor: Pungent and irritating; threshold = 1 ppm 

Toxicity and Hazard 

For humans, an oral dose of 90 ml of 37% formalin (about 520 mg 
formaldehyde per kg of body weight) is almost certainly fatal within 48 

10 mm Hg (- 88OC) (gas) 

organic solvents 
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hours. However, 30 ml has been fatal and 120 ml nonfatal in certain cases. 
Inhalation of vapors may result in severe irritation and edema of the upper 
respiratory tract, burning and stinging of the eyes, and headache and has 
been known to cause death. Workers exposed to 2-10 ppm have 
experienced headaches, nausea, dizziness, and vomiting; lacrimation 
occurs at 4-5 ppm. For several minutes of exposure, 10 ppm or more is 
intolerable. Solutions of formaldehyde are irritating to the skin and can 
cause severe injury if splashed in the eye. 

A study of formaldehyde-exposed workers showed an above-average 
incidence of chronic upper respiratory tract disease. Sensitization of the 
skin can result from repeated exposure. 

Formaldehyde is moderately toxic to animals via inhalation: ALC (rats, 
4-hour inhalation) = 250 ppm and is slightly toxic via the oral route: LDso 
(rats) = 585 mgfig. Either formaldehyde gas or formalin may cause skin 
irritation. Formaldehyde is a skin sensitizer. It is a severe eye irritant, 
causing delayed effects that are not appreciably eased by eye washing. 

Rats receiving oral doses of 50, 100, or 150 mgfig formaldehyde daily 
for 90 days showed no adverse effects except for a decrease in weight gain 
at the highest level. Dogs fed 100 mgkg  for 90 days showed a decrease in 
weight gain, but no other significant effects. 

Preliminary data from a study that is still in progress have indicated the 
development of nasal cancers in rats exposed to 15 ppm formaldehyde for 
18 months. In another study, central nervous system effects were seen 
among rats exposed to 0.8 ppm for 3 months, but not among rats at 0.03 
ppm. Mice exposed to 41-163 ppm for up to 64 weeks showed no untoward 
effects. 

Special Handling Conditions 

The OSHA PEL for formaldehyde is 3 ppm (4.5 mg/m3) as an 8-hour 
time-weighted average, with a 15-min ceiling of 5 ppm and a 10 ppm 
maximum peak. The TLV is a 2-ppm ceiling limit. 

Laboratory operations with formalin in open vessels should be carried 
out in a hood or other local exhaust device (formaldehyde has such an 
objectionable odor that there e little need for this admonition). 
Because repeated exposure to to a formaldehyde 
allergy, it is well to avoid skin c eous solutions by 
appropriate use of neoprene, butyl rubber, or polyvinyl chloride gloves (see 
Table 3) and other protective apparel. Splash-proof goggles should be 
wom if there is any possibility of splashing formaldehyde in the eyes. 

described above are 
confirmed during completion and assessment e study, the use of 
procedure A or B (see Sections I.B.8 and 7, respectively) will be called for. 

If the preliminary indications of carcinogenici 



I32 PROCEDURES FOR WORKING WITH CHEMICALS IN LABORATORIES 

HYDRAZINE (and its salts) 

CAS Registry NO.: 302-01-2 

Synonyms: None of significance; however, the following forms may be 
encountered: hydrazine hydrochloride, sulfate, etc.; hydrazine hydrate 

Structure 
H2 "H2 ; N2 H4 

Physical Properties 

Molecular Weight: 32.0 
Physical Form: Colorless, fuming, oily liquid 
Melting Point: 2.0"C 
Boiling Point: 113.5"C 
Flash Point: 52°C 
Explosive Limits: 4.7-100% by volume in air 
Specific Gravity (liquid): 1.01 1 (1 5°C) 
Vapor Density (air = 1): 1.11 
Vapor Pressure: 10.4 mm 
Solubility: Miscible with water and ethanol; insoluble in hydr 
Odor: Ammonialike, fishy; threshold = 3-4 ppm 

Toxicity and Hazard 

Acute exposure to hydrazine vapors can cause respiratory tract irritation, 
excitement, convulsions, cyanosis, and a decrease in blood pressure. The 
liquid can severely bum the eye and skin. Hydrazine can cause fatty 
degeneration of the liver, nephritis, and hemolysis. 

Hydrazine also poses a dangerous fire and explosion 
explode during distillation if tra 

Hydrazine is mode inhalation, oral, and 
skin routes: LCSO (rat inhalation) = 570 ppm; LDso (rats, oral) = 
60 mg/kg; LDso (rabbits, skin) = 283 mg/kg (hydrazine hydrate) 
strong skin and mucous membrane irritant and a strong skin sensitizer. 
Hydrazine hydrate produced moderately severe irritation when applied to 
rabbit eyes. 

After repeated oral, skin, or injection exposure, the effects noted include 
weight loss, weakness, vomiting, and convulsions. The chief histological 
finding is fatty degeneration of the liver. Among guinea pigs and dogs 
exposed to hydrazine in the air 5-47 times, the dogs sliowed liver damage, 
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with lesser damage to the kidneys and lungs, while the guinea pigs had 
pneumonitis and partial lung collapse. 

drazine or hydrazine salts have been shown to be carcinogenic in 
after oral and intraperitoneal administration and in rats following 

oral dosing. By the oral route, effects were found at doses of 24-36 
(mg/kg)/day in mice and 20 (mg/kg)/day in rats. No tumors were 
observed in Syrian golden hamsters after oral administration. The ACGIH 
has classified hydrazine as suspect of carcinogenic potential in humans. 

Special Handling Conditions 

The TLV for hydrazine is 0.1 ppm (0.1 mg/m3) and the OSHA PEL is- 1 .O 
ppm (1 mg/m3) as 8-hour time-weighted averages. These limits include a 

potential contribution of skin absorption to the overall 
has (1978) recommended a ceiling limit of 0.03 ppm in 

hen more than a few grams of hydrazine are to be used in the 
laboratory, Procedure A (see Section I.B.8) should be used because 
hydraz~ne is carcinogenic in animal tests, quite volatile, and readily 
absorbed through the skin. Moreover, it is a serious risk as an acute poison 
and a skin and eye irritant. Nitrile rubber is recommended for gloves and 
other protective apparel. Prompt washing with water effectively removes 

e from skin that it has splashed on. 
zine should not be used in the vicinity of a flame or under 

condit~ons where sparks can occur, as an explosion or fire can result. 

Y ~ R O ~ E N  CYAN1 

CAS Registiy No.: 74-90-8 

Synonyms: Hydrocyanic acid, 

Structure 

Physical Properties 

rm: Colorless liquid 
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Flash Point: 
Explosive Limits: 
Specific Gravity (liquid): 

- 17.8"C (closed cup) 
6-4170 by volume in air 

99.7% 0.690 (20"C/15.6"C) 
96% 0.703 (20"C/15.6"C) 

Vapor Density (air = 1): 
Vapor Pressure: 
Solubility: Miscible with water; soluble in alcohol and ether 
Odor: Sweetish, characteristic; threshold = 2-5 ppm 

0.94 
807 mm Hg (27.2"C) 

Toxicity and Hazard 

Hydrogen cyanide is among the most toxic and rapidly acting of all known 
substances. Exposure to high doses may be followed by almost instanta- 
neous collapse, cessation of respiration, and death. At lower dosages, the 
early symptoms include weakness, headache, confusion, nausea, and 
vomiting. In humans, the approximate fatal dose is 40 mg via the oral 
route. Exposure to 3000 ppm HCN is immediately fatal, while 200-480 
ppm can be fatal after 30 min. Exposure to 18-36 ppm HCN causes slight 
symptoms after several hours. The liquid is rapidly absorbed through the 
skin or the eyes. 

Hydrogen cyanide is extremely toxic to animals via the oral and skin 
routes: oral LD50 (mice) = 3.7 mg/kg. However, it has little or no irritant 
effect on the skin. Hydrogen cyanide in the eye may cause some local 
irritation, which is of little significance because the attendant absorption 
may be hazardous to life. Hydrogen cyanide is highly toxic via inhalation: 
Lc50 (rats, 5 min) = 503 ppm, and 100 ppm was fatal to rats in 1.5 hours. 

No adverse effects were seen in rats fed HCN-fumigated food for 2 
years. In this experiment, special feeding jars were designed to reduce 
volatilization of the HCN, and analysis of the two test diets 3 days after 
fumigation showed HCN levels of 100 and 300 ppm. Mice, rats, guinea 
pigs, rabbits, cats, dogs, pigeons, and a monkey were exposed to various 
concentrations of HCN. No adverse effects were observed in mice exposed 
to 40 ppm for 7 hours or in rats and mice exposed to 16 ppm for 16 hours. 
Concentrations of 31.5 ppm were generally safe for most species exposed 
for a few hours. Dogs subjected repeatedly to 30-min exposures of 45 ppm 
HCN exhibited cumulative effects, particularly central nervous system 
lesions, hemorrhages, and vasodilation. 
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Special Handling Conditions 

The OSHA 8-hour PEL for HCN is 10 ppm with a 15-min TWA of 15 
ppm. ACGIH has recently proposed that the basis of the 10 ppm TLV be 
changed from an 8-hour TWA to a ceiling concentration. These limits 
include a warning against the potential contribution of skin absorption to 
the overall exposure. In 1976, NIOSH recommended a limit of 4.7 ppm (5 
mg/m3 as CN) determined as a ceiling concentration, based on a 10-min 
sampling period. 

Aside from its high toxicity, HCN has a low flash point and forms an 
explosive mixture with air over a wide range of concentrations. Moreover, 
traces of base can cause rapid spontaneous polymerization, sometimes 
resulting in detonation. Hence, HCN is very dangerous, anyone working 
with it should wear goggles and impervious gloves, and no one should 
work alone with it. In cases of overexposure to HCN, quick action is called 
for in removing the victim from the contaminated area, using amyl nitrite 
ampules to restore consciousness or, if breathing has stopped, artificial 
respiration. Medical assistance should be summoned as soon as possible, 
but the victim should not be left unattended. Speed in providing treatment 
is of the utmost importance. 

(See also Section I.B.7.) 

HYDROGEN SULFIDE 

CAS Registry No.: 7783-06-4 

Structure 
HSH; Hz S 

Physical Properties 

Molecular Weight: 34.08 
Physical Form: Colorless gas 
Melting Point: -82.9"C 
Boiling Point: -61.8"C 
Explosive Limits: 
Specific Gravity: 1.54 
Vapor Density (air = 1): 
Vapor Pressure: 8.77 atm (20°C) 
Solubility: 437 m1/100 ml in water (O'C) and 186 m1/100 ml(4O"C); also 

4.3-46% by volume in air 

1.189 (15°C) 

soluble in alcohol and petroleum solvents 
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Odor: “Rotten egg”; threshold = 0.2-0.003 ppm; odor appears sweet at 
30 ppm and above; high concentrations deaden the sense of smell 

Toxicity and Hazard 

Hydrogen sulfide is extremely dangerous. Human exposure to relatively 
low concentrations of HzS has caused corneal damage, headache, sleep 
disturbances, nausea, weight loss, and other symptoms suggestive of brain 
damage. Higher concentrations can cause irritation of the lungs and 
respiratory passages and even pulmonary edema. Exposure to 2 10 ppm for 
20 min has caused unconsciousness, arm cramps, and low blood pressure. 
Coma may occur within seconds after one or two breaths at high 
concentrations and be followed rapidly by death. For example, workers 
exposed to 930 ppm HzS for less than 1 min died. 

Hydrogen sulfide is moderately toxic to animals via the inhalation route: 
Lc50 (mice, 1 hour) = 673 ppm; Le50 (mice, 7.5 hours) = 140 ppm. 
Exposure to 10-13 ppm for 4-7 hours has caused eye irritation. Skin 
absorption of HzS is slight and not considered significant. However, 
prolonged or repeated skin contact might cause mild irritation. Guinea 
pigs that had 0.78 in.2of their skin exposed to 100% HzS vapors for 1 hour 
experienced slight swelling. 

Rabbits exposed to 100 ppm HzS for 30 midday for 4 months showed 
changes in the blood (leucopenia and lymphocytosis). Animals continuous- 
ly exposed for 90 days to 20 ppm exhibited pathologic changes of the 
lungs. 

Special Handling Conditions 

The TLV for HzS is 10 ppm (14 mg/m3) as an 8-hour time-weighted 
average. The short-term exposure limit (15 min) is 15 
PEL has a ceiling limit of 20 ppm and a peak of 50 pp 
period. NIOSH (1977) has recommended a ceiling of 10 ppm. 

Partly because of the disagreeable odor of t also because of its 
toxicity, laboratory operations with it should be carried out in a hood. 
Cylinders of it should not be stored in small, unvent~lated rooms, as deaths 
have resulted from people entering such rooms containing a leaking 
cylinder. 

(See Section I.B.7.) 
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METHANOL 

CAS Registry No.: 67-56-1 

Synonyms: Methyl alcohol, wood alcohol 

Structure 
CH3 OH; CH4 0 

Physical Form: Colorless liquid 
Freezing Point: -97.8"C 
Boiling Point: 65°C 
Flash Point: 12°C 
Specific Gravity (liquid): 0.79 15 
Vapor Density (air = 1): 
Vapor Pressure: 95 mm Hg (20°C) 
Solubility: 

solvents 
Odor: Mild, threshold = 3-8 ppm 

1.1 1 

Completely miscible with water, ether, and most 

Toxicity and Hazard 

Methanol is well known to cause blindness in humans, but this usually 
results from drinking large quantities. Once absorbed, methanol is only 
very slowly eliminated. Severe exposure to the vapors of methanol can 
cause dizziness, central nervous system depression, shortness of breath, 
coma, and eventually death. Where the exposure is less severe, the first 
symptoms may be blurring of vision, photophobia, conjunctivitis, head- 
ache, gastrointestinal disturbances, dizziness, and a feeling of intoxication, 
followed by the development of definite eye 1 

oral routes: ALC (rats, head only, I-hour inhalation 
LD50 (rats, oral) = 6200 mg/kg. The substance is mod 
skin: LD50 (rabbits) = 14,400 mg/kg. Methanol h 
corneal opacity and conjunctival redness in rabbit eyes. 

Methanol has shown a relatively low chronic toxicity in animal studies. 
For example, no advers were se 450-500 ppm 
of methanol in the air 8 aily for S. 1% methanol 

Methanol has a very low acute toxicity in animals via the inhalatio 
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Toxicity and Hazard 

Exposure to the vapors of morpholine can produce irritation of the skin 
and, if inhaled, the substance can cause irritation of the respiratory tract, 
similar to that produced by ammonium hydroxide. There can be a burning 
sensation of the nose and throat and coughing, and blurred vision can 
result from corneal edema. The liquid is a severe irritant to the skin and 
can produce ulceration of the conjunctiva. 

In laboratory experiments, repeated exposure of rats at high concentra- 
tions (18,000 ppm) produced death, with damage to the lung, liver, and 
kidneys. 

Morpholine is a moderate fire hazard when exposed to heat, flames, or 
oxidizing agents. Decomposition results in generation of oxides of 
nitrogen. 

Special Handling Conditions 

OSHA has established an allowable 8-hour time-weighted average expo- 
sure to morpholine of 20 ppm. It should be noted that skin contact can be 
a significant contributor to toxic effects. The ACGIH has established a 
TLV of 20 ppm for an 8-hour TWA and also a short-term exposure limit 
of 30 ppm for 15 min. 

The TLV was established to prevent irritation of the respiratory tract 
and the effects on the eye. 

NITROBENZENE 

CAS Registv No.: 98-95-3 

Synonyms: Nitrobenzol 

Structure 

C6 H5 NO2 

Physical Properties 

Molecular Weight: 123.1 1 
Physical Form: Yellow, oily liquid 
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Melting Point: 5.7"C 
Boiling Point: 21 1°C 
Flash Point: 88°C (closed cup) 
Specific Gravity (liquid): 1.19867 (24"C/4"C) 
Vapor Density (air = 1): 4.24 

10 mm (85.4"C); 100 mm (139.9"C) 
100 ml water (20°C); miscible with most organic 'sol- 

vents 
Odor: Oil of bitter almond; threshold = 0.5 ppm 

Toxicity and Hazard 

The oral lethal dose of nitrobenzene for humans is 5 mg/kg. No 
immediate or delayed effects have been seen in huma 30-60 min of 
exposure to 200-300 ppm of nitrobenzene. Exposure to 40-80 ppm for 
several hours, however, will cause slight symptoms. The symptoms of 
overexposure to nitrobenzene, whether by inhalation or by skin contact, 
are cyanosis due to methemoglobin formation in t 
weakness, and sometimes shock. Inflamma 
seen. Absorption through the skin is the gre 
Onset of symptoms may be delayed for up to 4 hours. 

= 640 mg/kg. It is moderately toxic via the skin: LD50 (rats) = 2100 
mg/kg. It is a mild eye irritant. 

Nitrobenzene trans s hemoglobin into methemoglobin on oral 
administration to rats. exposed to about 0.01-0.02 ppm of nitroben- 
zene for 70-82 days experienced adverse central nervous system effects and 
inflammation of internal organs. A concentration of 0.0016 ppm in air 
caused no significant adverse effects in rats during 73 days of constant 
exposure. 

in the workplace. 

Nitrobenzene is slightly toxic to animals via the oral r 

Special Handling Conditions 

The TLV and the OSHA EL for nitrobenzene are 1 ppm (5 mg/m3) as an 
8-hour time-weighted av ge. These limits include a warning against the 
potential contribution of skin absorption to the overall exposure. The 
exposure limit is 2 ppm during any 15-min period. 

Nitrobenzene, like most aromatic nitro compounds, readily penetrates 
the skin to cause the serious toxic effects described above. 
using it in the laboratory should take care to avoid skin contact. If more 
than a few grams are being used, rubber gloves and other protective 
apparel may be needed. Although nitrobenzene is only moderately volatile, 
it is advisable to handle it in a hood. 
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PERACETIC ACID 

CAS Registry No.: 79-21-0 

141 

Synonyms: Peroxyacetic acid, acetyl hydroperoxide 

Structure 
0 

// 
CN3 C-0-0N; Cz €& 0 3  

ical Form: Colorless liquid 
lable Form: Most commonly, as 40% solution in acetic acid 

roximately - 30°C 

Autoexplosion Temperature: 1 10°C 

eracetic acid, like most peracids, is unstable. It has an acrid odor and is 
very irritating to skin, eyes, and upper respiratory tract. On the basis of 
animal test data, it is considered highly to moderately toxic by ingestion in 
single doses. 

y oral administration to test animals, peracetic acid is moderately to 
ighly toxic, causing severe irritation of the stomach and intestinal linings. 

It is moderately toxic by single dermal applications to rabbits. Repeated 
app~icat~ons at relatively high dosages to the skin of mice produced skin 
irritation and indicated that peracetic acid is a potent tumor promotor and 
a weak carcinogen. 

ndling Conditions 

ause explosion is the greatest hazard of peracetic acid, the substance 
uld be protected m sparks or physical shock and laboratory 

carried out behind a shield and in a hood that 
ment. Peracetic acid explodes at 100°C and 

decomposes at lower temperatures with the generation of oxygen. It reacts 
usly with organic materials. 
ause of its high irritancy, care should be taken to prevent contact of 

eracetic acid with the skin, eyes, or upper respiratory tract. This is 

erations with it sh 
s explosion-proof 
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another reason why work with it should be carried out in a hood and also 
means that rubber gloves and a rubber apron should be worn as 
appropriate. 

PHENOL 

CAS Registry No.: 108-95-2 

Structure 

Physical Properties 

Molecular Weight: 94.1 1 
Physical Form: 
Melting Point: 41°C 
Boiling Point: 182°C 
Flash Point: 85°C (open cup) 
Specific Gravity (liquid): 1.049 (50"C/4"C) 
Vapor Density (air = 1): 3.24 
Vapor Pressure: 0.3513 mm Hg (25°C) 
Solubility: 

Odor: 

Colorless to light pink solid 

6.7 g/100 ml water (16°C); miscible at 66°C; easily soluble in 
alcohol and other organic solvents 

Characteristically sweet; threshold = 0.3 ppm 

Toxicity and Hazard 

In humans, lethal oral doses of phenol have ranged from 1 to 10 g. Severe 
phenol poisoning by ingestion is characterized by bums of the mouth and 
throat and rapid development of digestive disturbances, headache, 
fainting, vertigo, mental disturbances, collapse, and coma. Exposure to the 
vapor can produce marked irritation of the eyes, nose, and throat. 
Concentrated solutions are corrosive to the eyes and skin. Phenol readily 
penetrates the skin. 

Phenol is moderately toxic to animals via the inhalation and the oral 
routes: LCso(rats, 1-hour inhalation) = 312 ppm; LDso(rats, oral) = 414 
mg/kg. It is also moderately toxic via skin absorption: LDSO (rabbits) = 
1120 mg/kg. Phenol is corrosive to the eyes and skin and may cause 
irritant dermatitis. 
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Guinea pigs were severely injured by inhalation of 25-50 of ppm phenol 

amage was seen in the lungs, liver, kidneys, and heart. 

Special  andl ling Conditions 

The TLV and the OS A PEL for phenol are 5 ppm (19 mg/m3) as an 8- 
hour time-weighted average. The standard includes a warning about the 
potential contribution of skin absorption to the overall exposure. The 
exposure limit is 10 ppm over any 15-min period. NIOSK (1976) has 
recommended an 8-hour time-weighted average of 5.20 ppm with a limit of 
15.6 ppm over any 15-min period. 

Because phenol is a potent skin irritant, rubber gloves (see Table 3) 
should be worn when there is o p p o ~ u n ~ t y  for significant skin contact. 

CAS Registry No.: 77-44-5 

Synonym: Carbonyl chloride 

Structure 

// 
CIC-CI; CCl* 0 

Physical Properties 

0 

Weight: 98.92 
orm: Colorless gas 

Melting Point: - 104°C 
Point: 8.3"C 
Gravity ( l~~uid) :  1.392 (19"C/4"C) 

Vapor Density (air = 1): 
Vapor Pressure: 563 mm g (0°C); 760 mm g (8.3"C); 1418 mm 

Solubility: 

Odor: 

3.4 

(25°C) 
Decomposes in water with formation of CO2 and 

in most organic solvents and oils 
Sweet (geranium~~ke) at low levels, pungent and irritating at 

er levels; threshold = 0.5-1 ppm 

In humans, the symptoms of overexposure to phosgene are dryness or a 
burning sensation in the throat, numbness, vomiting, and bronchitis. An 
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 me cQncent~atiQn of 5 cause eye i r ~ t a ~ ~ Q n  and coughing in 
se severe lung injury in 1-2 min at a 

mure to CQncent~at~Qns above 50 ppm is likely to be 

INE 

egistly No.: 110-86-1 

Structure 

G S h N  

Physical Properties 

20.W (tag closed cup) 

Specific ~ ~ a v ~ t y :  0.986 (15.5”C) 
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with water and most organic solvents 

dor: Unp~easant; characteristic 

Toxicity and Hazard 

Acute exposure to pyridine can produce transient headaches, dizziness, or 
~~ght-headedness. ~ n s o ~ n ~ a ,  mental dullne ausea, and anorexia have 
also been reported. Such effects have been ted in workers exposed to 

ppm on a relatively regular basis. The liquid and vapor are 

ous liver and kidney damage, with 
death having occurred once. This exposure was by ingestion, prescribed 

~ y ~ d i n e  reacts violently with 

local exhaust ven~i~a~ion. 

S 

CAS Registry No.: 24628-22-8 

Structure 
NaN3 

Physical Properties 

ght: 45.02 
. Colorless hexagonal crystals 
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oint: Decomposes 
Density: 1.846 

Toxicity and Hazard 

Sodium azide is highly toxic to humans. It is highly soluble in water and 
rapidly converted to h therefore, be the ultimate 
toxic agent in a huma 

Acute exposure to hydrazoic acid vapor can produce irritation of the 
eyes, tracheal bronchiti 
pressure, weakness, pu 

e has resulted in brief 

m azide, a chemist 
shortness of breath, and faintness 

nd bradycardia were 

rapid. In another inc 
complained of dizziness, blurred visio 
following a few minutes of exposure. 
seen but, again, recovery was complet 

ed by nervous sys 
azide, rats exhibit 
ium azide has been used to control blood pressure therapeutically. 

oses of 0.65-3.9 mg by mouth daily for up to 2.5 years lowered the blood 
pressure and reduced the transient pounding sensation of the head with no 
evidence of organic damage. 

It is thought that a TLV of 0.2 mg/m3 of sodium azide or 0.1 ppm of 
hydrazoic acid will prevent significant lowering of blood pressure or 
headache discomfort. 

ic nerves and tracts. 

ndling Conditions 

Sodium azide is one of the azides that is not explosive. It may, however, 
react violently with benzoyl chloride plus potassium hydroxide, bromine, 
carbon disulfide, chromium oxychloride, copper, lead, nitric acid, dime- 
thylsulfate, and dibromomalono~itri~e. It is especially important that 
sodium azide not be allowed to come in contact with heavy metals (for 
example, by being poured into a lead or copper drain) or their salts; heavy 
metal azides detonate with us ease. 

There is currently no PEL for sodium azide. The ACGIN 
posure to this compound not exceed 0.1 ppm as an 8- 

. This level is also re 
even ~ n s ~ t a n e o ~ s l y  
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laboratory hood that has a protection factor adequate to prevent 
significant worker exposure or a closed system is recommended for 
operations using sodium azide. 

SO CYANIDE 

CAS Registry No.: 143-33-9 

Structure 
NaC = N 

Physical Properties 

lecular Weight: 49.02 
ical Form: White solid 
ing Point: 564°C 
ng Point: 1496°C 

Vapor Pressure: 1.0 mm 

Solu~ility: Readily soluble in water; slightly soluble in alcohol 

Toxicity and Hazard 

Sodium cyanide is among the fastest acting of all known poisons. The 
lethal oral dose for humans is 200 mg. The symptoms of cyanide overdose 
include weakness, headache, confusion and, occasionally, nausea and 
vomiting. Higher doses may be followed by almost instantaneous collapse, 
cessation of respiration, and immediate death. Solutions are irritating to 
the skin, nose, and eyes, and cyanide is adsorbed through the skin. 

Sodium cyanide is highly toxic to animals via the oral route: L 
= 6.4 mg/kg. It can be corrosive to the skin and the eyes, for it is highly 
alkaline. Sodium cyanide can also produce toxic symptoms via skin 
absorption and inhalation. 

Special Handling Conditions 

time-weighted average. Th 
contribution of skin absorption to the 
recommended that the 5-mg/m3 limit be retained but that its basis be 

should be worn when handling dry sodium cyanide. 

g/m3 as an 8-hour 

our TWA to a 10-min ceiling. 
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Rubber gloves and splash-proof goggles should be worn when substantial 
amounts of sodium cyanide solution are used. 

Acid must not be allowed to come in contact with sodium cyanide, as 
gaseous hydrogen cyanide will be 1 erated. (The special problems of 
hydrogen cyanide are discussed in Section I. .7, along with safety and first 
aid measures that mostly apply to sodium cyanide as well.) 

Tert-BUTYL  PERO OX ID^ 

CAS Registry NO.: 75-91-2 

ydroperoxide, tert-butyl, cardox T 

Stnrcture 
(CH3)3C-O-QH; CqHloO2 

Physical Properties 

olecular Weight: 90.12 
Physical Form: 

lting Point: - 8°C 
iling Point: 35°C 

Flash Point: 27°C or above 
Specific Gravity: 0.896 (20"C/@C) 
Vapor Density (air = 1): 2.07 
Solubility: Moderately soluble in water; very soluble in organic (esters 

and alcohols) solvents and alkali metal hydroxide solutions 

Toxicity and Hazard 

There are no reports of acute or chronic effects in humans from exposure 
to tert-butyl hydroperoxide. Experimental studies of this chemical indicate 
that it will cause severe injury to the eyes and when placed in contact with 
the skin. It is moderately toxic by inhalation and ingestion and probably 
can cause irritation of the respiratory tract when inhaled. 

The oral LDso in rats is 460 mg/kg, and the LC50 ($-hour inhalation) in 
rats is 500 ppm. The percutaneous LD50 in t at is 790 mg/kg. Five 
hundred mg of the chemical in contact wi it skin for 24 hours 
produced severe irritation. A 75% solution in dimethyl phthalate and a 
35% solution of tert-butyl hydroperoxide in propylene glycol caused 
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severe, permanent damage when applied to rabbit eyes. A 7% solution in 
propylene glycol caused slight irritation. 

ndling Conditions 

Tert-butyl hydroperoxide is very dangerous when exposed to heat or flame 
or by spontaneous c emical reaction. Slow first-order decomposition can 
be accelerated by the presence of 1 mole percent of copper, cobalt, or 

anganese salts. The substance can also react with reducing agents. There 
are currently no TLV or OS L related to this compound. 

T LO ENE 

CAS Registry No.: 79-01-6 

Synonyms: Triclene; ethene, trichloro 

Physical Properties 

anol and ethyl 

In ~umans,  acute exposure to tric loroethylene primarily affects the 
central nervous system. Common symptoms are headache, dizziness, 
nausea, ~atigue, and drunkenness. Coma and sudden death have been 

urs to 1000 ppm caused 
manual dexterity tests. 

severe ~ntoxication. Exposure for 2 
rmance of steadiness a 
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Acute skin exposure has caused erythema, burning, and inflammation of 
the skin. With repeated exposure, the liquid can produce inflammation and 
skin vesicles; in the eye, it produces pain and ~n~ammation. 

Trichloroethylene has a very low toxicity to animals via the inhalation 
and the oral routes: Le50 (mice, 4-hour inhalat~on) = 8450 ppm; LD50 
(rats, oral) = 7.2 g/kg. Skin contact causes only mild irritation unless the 
affected area is closely occluded; skin absorption is not significant. When 
instilled into rabbit eyes, trichloroe~hylene has caused mild to moderate 
injury. 

No significant changes were seen in rats exposed to 2000 ppm 
trichloroethylene, 5 days per week for 6 months. Female mice, however, 
exhibited fatty degeneration of the liver after exposure to 1600 ppm for up 
to 8 weeks. After inhaling 500-750 ppm for 3-8 weeks, dogs exhibited 
lethargy, anorexia, nausea, vomiting, weight loss, and liver dysfunction. 

In a recent National Cancer Institute study, extremely high doses of 
trichloroethylene were shown to cause liver cancer in mice. There is no 
evidence that the material causes cancer in humans. 

n d h g  Conditions 

The TLV for trichlo~oethy~ene is 100 ppm (535 mg/m3) [with a notice 
(1980) of intended change to 50 ppm] as an 8-hour time-w 
the exposure limit is 150 ppm over any 15-min period. The 
t~ch~oroethylene cceptable ceiling 

pm for a duration of 5 min in any 2 
d an 8-hour time-weighted average 

of 100 ppm, with a ceiling of 150 ppm in any 10-min period. 
Although trichloroethylene has caused cancer in mice, its carcinogenic 

potency is so low that no special precautions are needed for laboratory 
work with it beyond normal goo practices. This includes the use of a 
hood for most operations. 

CAS Registry No.: 75-01-4 

Synonyms: C~~oroethy~ene, chlorethene, VCM 

Structure 
el32 =CHCl; cz l33 c1 



Hazards and Precautions for a Selected Group of Chemicals 

Physical Properties 

Physical Form: Colorless gas at standard conditions but is usually 
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olecular Weight: 62.50 

handled as a liquid (sweet smelling) 
elting Point: - 153.7”C 

Boiling Point: - 13.8”C 
Flash Point: - 78°C (C.O.C.) 
Autoi~it ion Temperature: 472°C 

ammable Limits: 3.643% by vo 
2.55 (25°C) 

Liquid Density: 0.9013 g/ml(25”C) 
Vapor Pressure: 2943 mm Hg (25°C) 

Toxicity and Hazard 

Brief exposure to vinyl chloride can produce dizziness and disorientation. 
With continued exposure, c nervous system depression can result, 

exposure must be high ppm or more) to produce this effect. 
ause the gas is an irritan may be some coughing, but this effect 

is not prominent. 
Chronic exposure to vinyl chloride at concentrations of 100 ppm or 

more has produced Raynaud’s syn , lysis of the distal bones of the 
fingers, and a fibrosing dermatitis. effects are probably related to 
continuous intimate contact with th 

Chronic exposure has also resulted in the production of a liver cancer- 
angiosarcoma-in about 50 workers worldwide (a relatively rare occur- 
rence). All of these cancers have been produced by relatively high 
exposures, probably 

Vinyl chloride is able when exposed to heat, flame, or oxidizing 
agents. Large fires of the compound are very difficult to extinguish. Vapors 
represent a severe explosion hazard. Peroxides can be formed in air on 
standing and can explode. Phosgene is evolved on decomposition with 
heat. 

or Density (air = 1): 

e hundreds of parts per million range. 

Special Handling Conditions 

Vinyl chloride is regulated by OS A (29 CFR 1910.1017) as a human 
carcinogen. The regulations, which call for more stringent precautions 
than Procedure A (see Section I.B.81, should be consulted before work 
with vinyl chloride is begun. The allowable exposure limits are 1 ppm as 
an 8-hour time-weighted average and 5 ppm as a 15-min ceiling. Contact 
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with liquid vinyl chlori e is prohibited. A ~onitoring program is require 
ride operations. Exposures to vinyl chloride must be 
ble engineering controls or work practices. Use of closed 

systems or laboratory hoods that have protection factors adequate to 
prevent significant worker exposure are recommended. Whenever respira- 
tors are required, they must be used in accordance with a standard 
respirator p r o g r ~ .  

Data Book, 2nd ed.; 
, 1972; VO~S. I-III: 

Evaluation of reference data in the life sciences. Contains more than 18, 
literature citations. 

2. Anon. Toxic zardous Industrial Ch Safety Manual; Interna- 
tional ~echn ica~  I n Institute: Tokyo, 1 ell-organized reference to 
specific materials, which highlights synonyms, ies, hazardous potentials 

dbook of Reactive 
1979: Contains data 

ready reference for laboratory hand 
5. Deichmann, W. B.; Gerarde, 

ed.; Academic Press: New York, 1969: A ready reference that presents data on side 
effects of drugs and toxicity of industrial chemicals. 

6 Fire terials, 7th ed.; National Fire 
Protection NFPA-49-1975, haz 
about 416 chemicals. 

7. Goodman, L. S.; Gilman, A. The Pharmacological Basis of Therapeutics; 
Macmillan: New York, 1975: Contains toxicity information on drugs that affect 
many systems, water, salts and ions, gases and vapors, heavy metals, vitamins, and 
hormones. 

8. Gosselin, R. E. et al. Clinical Toxicology of Commercial Products: Acute 
Poisoning, 4th ed.; Williams and Wilkins: Baltimore, 1976: “The purpose of this 
book is to assist the physician in dealing quickly and effectively with acute chemical 
poisonings, arising from misuse of commercial products.” Contains tr 

their ingredients. 
C. J.; Clark, S. W. Autoignition Temperatu of Organic Solvents, 

10. Lewis, R. J., Ed. Registry of Toxic Effects of Chemical Substances, DHEW 
NY), 1972,79(19), 75-80. 

(NIOSH), Publ. Microfiche issued quarterly: Contains data on more than 25, 
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different chemicals. Useful as a first pass, but most of the data have not been 
evaluated by peer review. 

11. Loomis, T. A. Essentials of Toxicology, 3rd ed.; Lea and Febiger: Philadel- 
phia, 1978: A good basic primer for those interested in learning basic toxicology. 

12. NIOSH OSHA Product Guide to Chemical Hazards; DHEW (NIQSH): Sept. 
1978, Pub]. No. 78-210: Presents, in tabular form, health hazards and protection 
measures for 380 specific chemicals for which there are federal regulations. 

13. Patty, E: A., Ed. Industrial Hygiene and Toxicology: Volume 11-Toxicology, 
Interscience Wiley: New York, 1963 (3rd ed. available 19 A classical reference 
book that describes the toxicity of many different classes rganic and inorganic 
compounds. 

14. Proctor, N.; Hughes, J. Chemical Hazards in the Workplace; Lippincott: 
Ph~iadelphia, 1978: Excellent summary of toxic properties of laboratory materials; 
includes aids for diagnosis, treatment, and control; documents sources of 
information. 

15. Sax, N. I. Dangerous Properties of Industrial Materials, 5th ed.; Van 
Nostrand-Reinhold: New York, 1979: Contains much data on fire and explosibility 
hazards, chemical reactivity, and toxicity of many chemicals. 

16. M. Sittig. Hazardous and Toxic Effects of Industrial Chemicals. Noyes Data 
Corp.: Park Ridge, N.J., 1979: Excellent reference written with the industrial 
hygienist in mind; organized by material, giving physical state, synonyms, potential 
for exposure, exposure limits, route of entry into the body, harmful effects, medical 
surveillance, and protective methods; documents sources of information. 

17. TLV Airborne Contaminants Committee. TL Vs@ ThreshoZd Limit Values 
for Chemical Substances and Physical Agents in the Workroom Environment With 
Intended Changes; American Conference of Governmental Industrial Hygienists: 
Cincinnati, Ohio, issued annually, and Documentation of the Threshold Limit 

r Substances in Workroom Air and Supplemental Documentation, 
n Conference of Governmental Industrial Hygienists: Cincinnati, Ohio 

. expected 1980): Two excellent sources for the consideration of safe 
working levels. 

18. Walters, D. B., Ed. Safe Handling of Chemical Carcinogens, Mutagens, 
Teratogens, and Highly Toxic Substances; Ann Arbor Science Publishers, Inc.: Ann 

19. Windholz, M., Ed. The Merck Index, 9th ed.; Merck and Company, Rahway, 
N.J., 1976: A classical reference book containing toxicity data on more than 9000 
compounds. 

of Combustible Gases and 

American Chemical Society. 
4 volumes, 1967-1981. Has 

articles on many aspects of laboratory safety, including safe handling of 
various chemicals. 



A variety of specialized clothing and equipment is commercially available 
for use in the laboratory. The proper use of these items will minimize or 
eliminate exposure to the hazards associated with many laboratory 
operations. The primary goal of laboratory safety procedures is the 
prevention of accidents and emergencies. However, accidents and emer- 
gencies may nonetheless occur and, at such times, proper safety equipment 
and correct emergency procedures can help minimize injuries or damage. 

Every laboratory worker should be familiar with the location and proper 
use of the available protective apparel and safety equipment and with 
emergency procedures. Instruction on the proper use of such equipment, 
emergency procedures, and first aid should be available to everyone who 
might need it. 

I.F.l GLASSES AND FACE S 

GENERAL EYE-PROTECTION POLICY 

Eye protection must be required for all personnel and any visitors present 
in locations where chemicals are stored or handled. No one should enter 
any laboratory without appropriate eye protection. 

Conference rooms, libraries, offices, microscope rooms in which 
r rooms are not normally eye- 
when chemicals are used in such 

I54 
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rooms, even temporarily, signs ould be posted and all persons in the 
vicinity warned that eye protection is temporarily required. For laboratory 
operations that do not involve the use of chemicals and, if chemicals are 
not used in the immediate vicinity, it may be permissible by arrangement 
with the laboratory supervisor, to remove the eye protection. 

Safety spectacles that meet the criteria described below provide 
minimum eye protection for regular use. Additional protection may be 
required when carrying out more hazardous operations. 

Laboratory management should make appropriate eye-protection de- 
vices available to visitors or others who only occasionally enter eye- 
protection areas. These devices would be used only on a temporary basis 
while the person is in the eye-protection area. (For example, it may be 
useful to place a container of inexpensive safety glasses next to the 
entrance to each laboratory for use by visitors.) 

Contact lenses should not be worn in a laboratory. Gases and vapors can 
be concentrated under such lenses and cause permanent eye damage. 
Furthermore, in the event of a chemical splash into an eye, it is often 
nearly impossible to remove the contact lens to irrigate the eye because of 
involuntary spasm of the eyelid. Persons attempting to irrigate the eyes of 
an unconscious victim may not be aware of the presence of contact lenses, 
thus reducing the effectiveness of such treatment. Soft lenses can absorb 
solvent vapors even through face shields and, as a result, adhere to the eye. 

There are some exceptional situations in which contact lenses must be 
worn for therapeutic reasons. Persons who must wear contact lenses 
should inform the laboratory supervisor so that satisfactory safety 
precautions can be devised. 

SAFETY SPECTACLES 

Ordinary prescription glasses do not provide adequate protection from 
injury to the eyes. The minimum acceptable eye protection requires the use 
of hardened-glass or plastic safety spectacles. 

Safety glasses used in the laboratory should comply with the Standard 
for Occupational and Educational Eye and Face Protection (287.1) 
established by the American National Standards Institute. This standard 
specifies a minimum lens thickness of 3 mm, impact resistance require- 
ments, passage of a flammability test, and lens-retaining frames. 

Side shields that attach to regular safety spectacles offer some protection 
from objects that approach from the side but do not provide adequate 
protection from splashes. Other eye protection should be worn when a 
significant splash hazard exists. 
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OTHER EYE ~ ~ O T E C T I ~ N  

It is very important that each operation be analyzed to ensure that 
adequate eye protection is used. When operations that involve potential 
hazard to the eyes are performed (such as handling unusually corrosive 
chemicals), more complete eye protectio an spectacles should be worn. 
It is the responsibility of the laboratory supervisor to determine the level of 
eye protection required and to enforce eye-protection rules. 

Other forms of eye protection that may be required for a particular 
operation include the following: 

Goggles are not intended for general use. They are intended for wear when 
there is danger of splashing chemicals or flying particles. For example, 
goggles should be worn when working with glassware under reduced or 
elevated pressure and when glass apparatus is used in combustion or other 
high-temperature operations. Impact-protection goggles have screened 
areas on the sides to provide ventilation and reduce fogging of the lens and 
do not offer full protection against chemical splashes. Splash goggles (‘acid 
goggles’) (or face shields) that have splash-proof sides should be used when 
protection from harmful chemical splash is needed. 

Face Shields 

Goggles offer little protection to the face and neck. Full-face shields that 
protect the face and throat should always be worn when maximum 
protection from flying particles and harmful liquids is needed; for full 
protection, safety glasses should be worn with face shields. The metal- 
framed “nitrometer” mask offers greater rotection for the head and 
throat from hazards such as flying glass or other light fragments. A face 
shield or mask may be needed when a vacuum system (which may 
implode) is used or when a reaction that has a potential for mild explosions 
is conducted. 

Specialized Eye Protection 

There are specific goggles and masks for protection against laser hazards 
and ultraviolet or other intense light sources, as well as glassblowing 
goggles and welding masks and goggles. The laboratory supervisor should 
determine whether the task being performed requires specialized eye 
protection and insist on the use of such equipment if it is necessary. 
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Skin contact is a potential source of exposure to toxic materials (see 
.I); it is important that the proper steps be taken to prevent 

roper protective gloves (and other protective clothing, when 
necessary) should be worn whenever the potential for contact with 
corrosive or toxic materials and materials of unknown toxicity exists. 

2. Gloves should be selected on the basis of the material being handled, 
the particular hazard involved, and their suitability for the operation being 

se, gloves should be inspected for discoloration, 

e removal, gloves shou~d be washed appropriate~y. (NOTE: Some 
leather and polyv~ny~ alcohol, are water permeable.) 

5. Glove mate~als  are eventually permeated by chemicals. 
they can be used s 
characteristics (i.e. 
Some of this informat~on can be obtai 

es used can be tested for breakthro 
. Gloves should be replaced peri 

y for limited time periods if specific use and glove 
ckness and permeation rate and time) are known. 

use and p e ~ e a b i ~ i t y  to the substance@) handled. Gloves overtly contami- 
nated (if i ~ ~ e ~ e a b ~ e  to water) should be rinsed and then carefully 
removed. 

whenever protection is needed against accidental exposure to chemicals. 
Gloves should not be worn a r o u n ~  moving machinery. Many different 
types of gloves are co mercia~~y available. 

1. Leather gloves may be used for ling broken glassware, for 
and for similar operations where 

sses of rubber gloves. 
Common glove materials includ oprene, polyvinyl chloride, nitrile, and 
butyl and na~ural rubbers. Th aterials differ in their resistance to 
various substances. [Specific information on this topic is often available 
from glove manu~actu~ers’ catalogs (alt~ough such data are usually only 
~ u a ~ t a ~ i v e ) ;  example information is given in Table 31. Rubber gloves 
should be inspected before each use; periodically, an inflation test, in 

~ n s e ~ i n g  glass tubes into 
rotection from chemica 
2. There are various 
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which the glove is first inflated with air and then immersed in water and 
examined for the presence of air b 

when working at temperature 
extremes. Various synthetic materials such as NomexO and KevlarO can 

Gloves made with these materials or in 
als such as leather are available. It is best 

either entirely or partly of asbestos, which is 
regulated as a carcinogen under OSHA, although such gloves probably do 
not present a great hazard. 

4. Specialized gloves are manufactured for electrical linesmen, welders, 
and others. It is the responsibility of the laboratory supervisor to 
determine whether specialized hand protection is needed for any operation 
and to ensure that needed protection is available. 

I.F.3 OT 

The clothing worn by laboratory workers can be important to their safety. 
Such personnel should not wear loose (e.g., saris, dangling neckties, and 
overlarge or ragged laboratory coats), skimpy (e.g., shorts and/or halter 
tops), or torn clothing and unrestrained long hair. Loose or torn clothing 
and unrestrained long hair can easily catch fire, dip into chemicals, or 
become ensnarled in apparatus and moving machinery; skimpy clothing 
offers little protection to the skin in the event of chemical splash. If the 
possibility of chemical contamination exists, personal clothing that will be 
worn home should be covered by protective apparel. 

Finger rings can react with chemicals and also should be avoided 
around equipment that has moving parts. 

Shoes should be worn at all times in buildings where chemicals are 
stored or used. Perforated shoes, sandals, or cloth sneakers should not be 
worn in laboratories or areas where mechanical work is being done. 

should be conducted. 
3. Insulated gloves should be 

ROTECTIVE APPAREL 

Appropriate protective apparel is advisable for most laboratory work and 
may be required for some. Such apparel can include laboratory coats and 
aprons, jump suits, special types of boots, shoe covers, and gauntlets. It 
can be either washable or disposable in nature. Garments are commercial- 
ly available that can help protect the laboratory worker against chemical 
splashes or spills, heat, cold, moisture, and radiation. 

Protective apparel should resist physical hazards and permit easy 
execution of manual tasks while being worn. It should also satisfy other 
performance requirements-strength, chemical and thermal resistance, 
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TABLE 3 Resistance to Chemicals of Common Glove Materials 
(E = Excellent, G = Good, F = Fair, P = Poor) 

159 

Chemical 
Natural 
Rubber Neoprene Nitrile Vinvl 

Acetaldehyde 
Acetic acid 
Acetone 
Acrylonitrile 
Ammonium hydroxide (sat) 

Aniline 
Benzaldehyde 
Benzen8 
Benzyl chloride' 
Bromine 

Butane 
Butyraldehyde 
Calcium hypochlorite 
Carbon disulfide 
Carbon tetrachloride' 

Chlorine 
Chloroacetone 
ehloroform' 
Chromic acid 
Cyclohexane 

Dibenzyl ether 
Dibutyl phthalate 
Diethanolamine 
Diethyl ether 
Dimethyl sulfoxideb 

Ethyl acetate 
Ethylene dichloride' 
Ethylene glycol 
Ethylene trichlorideu 
Fluorine 

Formaldehyde 
Formic acid 
Gly cer ol 
Hexane 
Hydrobromic acid (40%) 

G 
E 
G 
P 
G 

F 
F 
P 
F 
G 

P 
P 
P 
P 
P 

G 
F 
P 
P 
F 

F 
F 
F 
F 
- 

F 
P 
G 
P 
G 

G 
G 
G 
P 
G 

G 
E 
G 
G 
E 

G 
F 
F 
P 
G 

E 
G 
G 
P 
F 

G 
E 
F 
F 
E 

G 
G 
E 
G 
- 

G 
F 
G 
P 
G 

E 
E 
G 
E 
E 

E G 
E E 
G F 

F 
E E 

E G 
E G 
G F 
G P 

G 

- 

- 

P 
G 

G G 
G F 
G F 

- 
- 

G 
P 

G P 
F E 

P 

- 
- 

- 

G F 
G P 
E E 

P 
G 

- 
- 

E E 
E E 
E E 

P - 
E - 
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TABLE 3 (continued) 

Natural 
Chemical Rubber Neoprene Nitrile Vinyl 

Hydrochloric acid (conc) G G G E 
Hydrofluoric acid (30%) G G G E 
Hydrogen peroxide G G G E 
Iodine G 6 - G 
Methylamine G G E E 

P Methyl cellosolve F E _. 

P Methyl chloridg P E - 
Methyl ethyl ketone F G G P 
Methylene chlorideu F F G F 

E Monoe thanolamine F E - 

Morpholine 
Naphthaleng 
Nitric acid (conc) 
Perchloric acid 
Phenol 

Phosphoric acid 
Potassium hydroxide (sat) 
Propylene dichlorideQ 
Sodium hydroxide 
Sodium hypochlorite 

F 
G 
P 
F 
G 

G 
G 
P 
G 
G 

E 
G 
P 
6 
E 

E 
G 
F 
G 
P 

- 
E 
P 
F 

- 
G 

G 
F 

- 

E 
E 
P 
E 
G 

Sulfuric acid (conc) G G F G 
Tolueneu P F G F 
Trichloroe thylene' ? F G F 

F Tricresyl phosphate ? F - 
Triethanolamine F E E E 

? Trinitrotoluene ? E - 

aAromatic and halogenated hydrocarbons will attack all types of natural and synthetic 
glove materials. Should swelling occur, the user should change to fresh gloves and allow 
the swollen gloves to dry and return to normal. 
bNo data on the resistance to dimethyl sulfoxide of natural rubber, neoprene, nitrile 
rubber, or vinyl materials are available; the manufacturer of the substance recommends 
the use of butyl rubber gloves. 

ease of cleaning. The require 
the basis of the s ~ b s t a n c ~  

apron versus disposable 
r e q u ~ r e ~  and is the 

revent c~ntact  with 
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chemical splashes or spills encountered in laboratory-scale work. The cloth 
laboratory coat is, however, primarily a protection for clothing and may 
itself present a hazard (e.g., combustibility) to the wearer; cotton and 

etic materials sue as Nomex or TyvekO are satisfactory; rayon and 
olyesters are not. Laboratory coats o not significantly resist penetration 
y organic ~ ~ q u ~ d s  and, if significantly contaminated by them, should be 

removed ~mmediate~y. 
Plastic or rubber aprons provide better protection from corrosive or 

irritating ~ i ~ u i d s  but can complicate injuries in the event of fire. 
F u r t h e ~ o r e ,  a plastic apron can accumulate a considerable charge of 

' electricity and should be avoided in areas where flammable 
er materials could be ignited by a static discharge. 

isposable outer garments (e.g., Tyvek) may, in some cases, be 
preferable to reusable ones. One such case is that of handling appreciable 

carcinogenic materials (see Section 
use of gloves are also recommende 
re strongly recommended for hig 
re the use of head and shoe covers. 

r only limited protection from vapor penetration 
considerab~e judgment is needed when using them. Impervious suits 
enclosing the body may be necessary in emergency situations. 

~aboratory workers should know the appropriate techniques for 
removing protective apparel, especially any that has become contaminated. 
Chemical spills on leather clothing or accessories (watchbands, shoes, 

ly hazardous because many chemicals can 
en held close to the skin for long periods. 

d deconta~inated or discarded 
urn (see Chapter I1.E). Specialized 

ith particular classes of hazardous 
milar way (see Chapters II.E, F, and G). 

ould be readily accessible for use 
ctions of clothing or skin. 

ore extensive foot protect~on than ordinary shoes may be required in 
some cases. er boots or plastic shoe covers may be used to avoid 

e chemicals or large quantities of 
solvents and water that might penetrate normal foot gear (e.g., during 

cause these types of boots and covers may increase 
their use in normal laboratory operations is not 

advisable. 
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Other specialized tasks may require footwear that has, for example, 
conductive soles, insulated soles, or built-in metal toe caps. The laboratory 
supervisor should recommend the use of such protection whenever 
appropriate. 

I.F.4 SAFETY 

Safety and emergency equipment should be available in all laboratories. 
The protection afforded by this equipment depends on its proper and 
consistent use. Laboratory workers should realize that safety devices are 
intended to help protect them from injury and should not avoid using such 
devices when they are needed. 

All laboratories in which c icals are used should have available fire 
extinguishers, safety showers, and eyewash fountains, as well as laboratory 
hoods and laboratory sinks (which can be considered part of the safety 
equipment of the laboratory); (see Section I.H.2 for a discussion of 
laboratory hoods). Respiratory protection for emergency use should be 
available nearby, along with fire alarms, emergency telephones, and 
identified emergency telephone numbers. 

In addition to these standard items, there may also be a need for other 
t is the responsibility of the laboratory supervisor to 

recommend and provide supplementary safety equipment as needed. The 
special precautions needed when dealing with DNA biological experiments 
and with radioisotopes are not within the scope of this report; such 
material can be found elsewhere [Guidelines for Research Involving 
Recombinant DNA Molecules 45 Fe . Reg. 25,366-25,370 (1980) and US. 
Nuclear Regulatory Commission Rules and Regulations, 10 CFR Chap. 
13. 

FIRE SAFETY EQUIP~ENT 

ypical fire safety equipment in the laboratory includes a variety of fire 
extinguishers and may include fire hoses, blankets, and automatic 
extinguishing systems. 

Fire Extinguishers 

All chemical laboratories should be provided with carbon dioxide or dry 
chemical fire extinguishers (or both). Other types of extinguishers should 
be available if required by the work being done. The four types of 
extinguishers most commonly used are classified by the type of fire (see 
below) for which they are suitable. 
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1. Water extinguishers are effective against burning paper and trash 
(Class A fires). These should not be used xtinguishing electrical, 
liquid, or metal fires. 

2. Carbon dioxide extinguishers are effective against burning liquids, 
such as hydrocarbons or paint, and electrical fires (Classes B and C fires). 
They are recommended for fires involving delicate instruments and optical 
systems because they do not damage such equipment. They are less 
effective against paper and trash or metal fires and should not be used 
against lithium aluminum hydride fires. 

3. Dry powder extinguishers, which contain sodium bicarbonate, are 
effective against burning liquids and electrical fire 
They are less effective against paper and trash or 
recommended for fires involving delicate instruments or optical systems 
because of the cleanup problem this creates. These ext~nguishers are 
generally used where large quantities of solvent may be present. 
4. Met-L-X@ extinguishers and others that have special granular 

formulations are effective against burning metal (Class D fires). Included 
in this category are fires involving magnesium, lithium, sodium, and 
potassium; alloys of reactive metals; and metal hydrides, metal alkyls, and 
other organometallics. These extinguishers are less effective against paper 
and trash, liquid, or electrical fires. 

Every extinguisher should carry a label indicating what class or classes 
of fires it is effective against. There are a number of other more specialized 
types of extinguishers available for unusual fire hazard situations. Each 
laboratory worker should be responsible for knowing the location, 
operation, and limitations of the fire extinguishers in the work area. It is 
the responsibility of the laboratory supervisor to ensure that all laboratory 
workers are shown the locations of nearby fire extinguishers and are 
trained in their use. After use, an extinguisher should be recharged or 
replaced by designated personnel. 

Fire Hoses 

Fire hoses are intended for use by trained firefighting personnel against 
fires too large to be handled by extinguishers but are included as safety 
equipment in some structures. Water has a cooling action and is effective 
against fires involving paper, wood, rags, trash, and such (Class A fires). 
Water should not be used directly on fires that involve live electrical 
equipment (Class C fires) or chemicals such as alkali metals, metal 
hydrides, and metal alkyls that react vigorously with it (Class D fires). 
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Streams of water should not be used against fires that involve oils or 
other water-insoluble flammable liquids (Class €3 fires). This form of water 
will not readily extinguish such fires, and it will usually spread or float the 
fire to adjacent areas. These possibilities are minimized by the use of a 
water fog. 

Water fogs are used e sively by the petroleum industry because of 
their fire-controlling and guishing properties. A fog can be used safely 
and effectively against fires that involve oil products, as well as those 
involving wood, rags, rubbish, and such. 

Because of the potential hazards in using water around chemicals (and 
the problem of controlling a hose delivering water at sign~ficant pressures), 
laboratory workers should refrain from using fire hoses except 
emergencies. Such use should be reserved for trained firefigh~~ng 

Many laboratories still have fire blankets available. A fire blanket is used 
primarily as a first aid measure for the prevention of shock rather than 
against smoldering or burning clothing. It should be used only as a last- 
resort measure to extinguish clothing fires: such blankets tend to hold heat 
in and increase the severity of bums. Clothing fires should be extinguished 
by immediately dropping to the floor and rolling or, if a safety shower (see 
below) is immediately available, using it. 

Automatic Fire-Extinguishing Systems 

In areas where fire potential (for example, solvent storage areas) and the 
risk of injury or damage are high, automatic fire-ext~ngu~s~ing systems are 
often used. These may be of the water-s~rin~ler, carbon dioxide, dry 
chemical, or halogenated hydrocarbon types. henever it has been 
determined that the risk justifies an automatic fi extinguishing system, 
the laboratory workers should be informed of its presence and advised of 
any safety precautions required for its action (e.g., evacuation before a 
carbon dioxide total-flood system is actuated). 

RESPIRATORY PROTECTIVE ~ Q U I ~ M E N T  

The primary method for the protection of laboratory personnel from 
airborne contaminants should be to minimize the amount of such 
materials entering the laboratory air (see Chapter I.B.8). 
engineering controls are not possible, suitable respiratory protection 
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of the laboratory supervisor to 
and to ensure that it is used. 

nd the National 
may be used for 
h site on which 

~ 9 ~ Q . ~ 3 4 ~  (see also 

or irritate the 

degree of protect~on a~orded by the respirator varies 

rtridge respirators-These 
ar individua~ (or classes 

n be used only for protec- 
vapors or gases as specified 

by the respirator manufacturer and cannot be used at concentrations of 
contaminant above specified on the cartridge. Also, these respirators 

xygen content of the air is less than 19.5%, in 
atmospheres ~mmediately dangerous to life, or for rescue or emergency 
work. These r e s ~ ~ ~ a t o r s  function by the entra~ment of vapors and gases in 
a cartridge or canister that contains a sorbent material. Activated charcoal 
is probab~y the most common adsorbent. 

to occur at a fractio 

respirator will be worn is i m ~ o ~ a n t .  It may be desirable to replace the 
cartridge after each use to ensure the maximum available exposure time 

tial workplace expos 
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TABLE 4 Guide for Selection of Respirators 

Type of Hazard Type of Respirator 

Oxygen deficiency 

Gas and vapor contaminants 
Immediately dangerous to 

life or health 

Not immediately dangerous 
to life or health 

Particulate Contaminants 
Immediately dangerous to 

life or health 

Not immediately dangerous 
to life or health 

Combination of gas, vapor, and 
particulate contaminants 

Immediately dangerous to 
life or health 

Not immediately dangerous 
to life or health 

Self-contained breathing apparatus 
Hose mask with blower 
Combination of air-line respirator and auxiliary 

self-contained air supply or air-storage receiver 
with alarm 

Self-contained breathing apparatus 
Hose mask with blower 
Air-purifying full-facepiece respirator with chem- 

Self-rescue mouthpiece respirator (for escape only) 
Combination of air-line respirator and auxiliary 

self-contained air supply or air-storage receiver 
with alarm 

ical canister (gas mask) 

Air-line respirator 
Hose mask with blower 
Air-purifying half-mask or mouthpiece respirator 

with chemical cartridge 

Self-contained breathing apparatus 
Hose mask with blower 
Air-purifying full-facepiece respirator with 

Self-rescue mouthpiece respirator (for escape only) 
Combination of air-line respirator and auxiliary 

self-contained air supply or air-storage receiver 
with alarm 

Air-purifying half-mask or mouthpiece respirator 
with filter pad or cartridge 

Air-line respirator 
Air-lie abrasive-blasting respirator 
Hose mask with blower 

Self-contained breathing apparatus 
Hose mask with blower 
Air-purifying full-facepiece respirator with chem- 

ical canister and appropriate filter (gas mask 
with filter) 

appropriate fiiter 

Self-rescue mouthpiece respirator (for escape only) 
Combination of air-line respirator and auxiliary 

self-contained air supply or air-storage receiver 
with alarm 

Air-line respirator 
Hose mask without blower 
Air-purifying half-mask or mouthpiece respirator 

with chemical cartridge and appropriate fiiter 

Source: ANSI Standard 288.2 (1969). 
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for each new use. Difficulty in breathing or the detection of odors indicates 
plugged or exhausted filters or cartridges or concentrations of contami- 
nants higher than the absorbing capability of the cartridge; such items 
should be replaced promptly (if necessary, by a more effective type of 
respirator). 

These respirators must fit snugly to the face to be effective. Conditions 
that prevent facepiece-to-face seal (for example, temple pieces of glasses or 
facial hair) will permit contaminated air to bypass the filter, possibly 
creating a dangerous situation for the user. Tests for the proper fit of the 
respirator on the user should be conducted prior to its selection and 
verified before he or she enters the area of contamination. 

Organic vapor cartridges cannot be used for vapors that have poor 
warning properties or those that will generate high heats of reaction with 
the sorbent materials in the cartridge. 

2. Dust, fume, and mist respirators-These can be used only for 
protection against particular individual (or classes of) dusts, fumes, and 
mists as specified by the manufacturer. Such particulate-removing respira- 
tors usually trap the particles in a filter composed of fibers. Respirators of 
this type are generally disposable. Some examples are surgical masks and 
3M@ toxic-dust and nuisance-dust masks, which can be used to filter out 
animal dander and nontoxic and nuisance dusts. Some are NIOSH- 
approved for more specific purposes such as protection against simple or 
benign dust and fibrogenic dusts and asbestos. They are not 100% efficient 
in removing particles. The useful life of the filter is dependent on the 
concentration of contaminant encountered. 

Particulate-removing respirators such as surgical masks afford no 
protection against gases or vapors and should not be used when handling 
chemicals. They provi e little if any protection and may give the user a 
false sense of security. They are also subject to the limitations of fit 
described above. 

3. Supplied-& respirators-These supply fresh air to the facepiece of 
the respirator at a pressure high enough to cause a slight buildup relative 
to atmospheric. As a result, the supplied air flows outward from the mask 
and contaminated air from the work environment cannot readily enter the 
mask. This characteristic renders face-to-facepiece fit less important than 
with other types of respirators. Fit testing is, however, required before 
selection and use. 

Supplied-air respirators are effective protection against a wide range of 
air contaminants (gases, vapors, and particulates) and can be used where 
oxygen-deficient atmospheres are present. They are free from the mainte- 
nance problems associated with charcoal, particulate, and chemical- 
scrubbing filters. Such respirators can be used where concentrations of air 
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contaminants could be immediate~y dangerous to life or from which the 
wearer could not escape unharmed without the air of the respirator 
provided (a) the protection factor of the respirator is not exceeded and (b) 
the provisions of 29 1910.134 (a safety harness and an escape system 
in case of compress0 re) are not violated. 

The air supply of this type of respirator must be kept free of 
contaminants (e.g., by use of oil filters and CO absorbers), and some 

ould be given to its quality and relative hu 
laboratory air is not suitable for use with these units. These units usually 
require the user to drag long lengths of hose connected to the air supply. 

us, the range o f t  eir use is limited to t e maximum length of hose 
specified by the manufacturer. Some supplied-a~r u 
combination with self-contained apparatus. 

4. Se~contained ~ r e a t ~ i n g  apparatus-This is the only type of respira- 
tory protective equipment suitable for emergency or rescue work. This 
equipment consists of a full-face mask connected to a cylinder of 
compressed air and has no limitat~ons with gard to its use in areas of 
toxic contaminants or oxygen deficiency. wever, the air supply is 
limited to the capacity of the cylinder ( 5  30-min use time) and, 
therefore, these respirators ca 
recharging or replacing the 
sure/demand" type, whic 
is much preferred to the " 
and additional p 
nature of the haz 
ries in which chemicals are used 
type available for emergencies 
personnel. 

used for extended periods wi 
rs; for safety reasons, the ' 

positive pressure with~n the 
e. Also, they are bulky and heavy, 
still be required depending on the 

~nstitutions or organ~zat~ons that have laborato- 
auld have protective e~u~pmen t  of this 
provide t ra~n~ng in its use to selected 

cedures and   raining 

Each area where resp~rators are used shoul 
available that shows the ~im~tat~ons,  fitting 
cleaning procedures for each type of respirator 
may have occasion to use respirators in their work must be thoroughly 
trained in the fit testing, use, ~im~tat~ons,  and care of such equipment. 
Training shou~d incl actice in wearing, adjust- 
ing, and prope~~y fitt lenses should not b 
when a respirator is con~am~nated area. 
regulations require d by a physician befor 

must be worn [29 GF eginn 
910.1 
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Inspections 

espirators for routine use should be inspected before each use by the user 
and pe~odically by the laboratory supervisor. Self-contained breathing 
apparatus should be inspected once a month and cleaned after each use. 

efective units should not be used but should be repaired by a qualified 
person or replaced prompt~y. 
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SAFETY S ~ O ~ E ~ S  AND EYEWASH FOUNTAINS 

Safety showers should be provided in areas where chemicals are handled 
for imme~iate first aid treatment of chemical splashes and for extinguish- 
ing clothing fires. Every laboratory worker should learn the locations of 
and how to use th afety showers in the work area so that he or she can 
find them with eyes closed, if necessary. Safety showers should be tested 
ro laboratory personnel to ensure that the valve is operable and 
to y debris in the system. 

wer should be capable of drenching the subject immediately and 
should be large to accommodate more than one person if 
necessary. It shoul a quick-opening valve requiring manual closing; 
a downward-pull delta bar is satisfactory if long enough but chain pulls are 

advisable because of the potential for persons to be hit by them and the 
culty of grasping them in an emergency. 

Eyewash ~ o u n t a i ~ s  

hazard or in rese 
may be encounter 

yewash fountains may be required if the substance in use presents an eye 
or instructional laboratories where unknown hazards 
An eyewash ~ o u n ~ ~ n  should provide a soft stream or 

ray of aerated water for an extended period (1 5 min). These fountains 
ould be located close to the safety showers so that, if necessary, the eyes 

can be washed while the body is showered. 

THER SAFETY ~ ~ U I ~ ~ E N T  

Safety Shields 

Safety shields should be used for protection against possible explosions or 
lash hazards. Laboratory equipment should be shielded on all sides so 
at there is no ~ ~ ~ e - o f - s ~ g h t  exposure of personnel. 
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Provided its opening is covered by closed doors, the conventional 
laboratory exhaust hood is a readily available built-in shield. 
portable shield should also be used when manipulations are performed, 
particularly with hoods that have vertical-rising doors rather than 
horizontal-sliding sashes. 

Portable shields can be used to protect against hazards of limited 
severity, e.g., small splash heat, and fires. A portable shield, however, 
provides no protection at e sides or back of the equipment and many 
such shields are not sufficiently weighted and may topple toward the 
worker when there is a blast (perhaps hitting him or her and also 
p e ~ ~ t t i n g  exposure to ying objects). A fixed shield that completely 
surrounds the experim~~tal apparatus can afford protection against minor 
blast damage. 

Polymethyl methacrylate, polycarbonate, polyvinyl chloride, and 
laminated safety plate glass ar 11 satisfactory transparent shielding 
materials. Where combustion is ssible, the shielding material should 
be nonflammable or slow burning; if it can withstand the working blast 
pressure, laminated safety plate glass may be the best material for such 
circumstances. When cost, transparency, high tensile strength, resistance 
to bending loads, impact strength, shatter resistance, and burning rate are 
considered, polymethyl methacrylate offers an excellent overall combina- 
tion of shielding cteristics. Polycarbonate is much stronger and 
self-extinguishing after ignition but is readily attacked by organic 
solvents (see also Section I.C.2). 

Stretchers 

Although stretchers are often p r o v i d ~  in areas where chemicals are 
handled, untrained personnel should use them only in life-threatening 
situations. It is generally best not to move a seriously injured person until 
qualified medical help arrives. 

STORAGE AND INSPECTION OF EMERGENCY 

It is often useful to establish a central location for storage of emergency 
equipment. Such a location should contain the following: 

1. self-conta~ne$ breathing apparatus, 
2. safety belt with rope (to maintain contact with rescuers entering a 

laboratory under emergency conditions), 
3. blankets for covering injured persons, 
4. stretchers, and 
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cyanide, where immediate first aid is required). 

1 71 

5 .  first aid equipment (for unusual situations such as exposure to 

Safety equipment should be inspected regularly (e.g., every 3 to 6 
months) to ensure that it will function properly when needed. It is the 
responsibility of the laboratory supervisor safety coordinator to 
establish a routine inspection system and to v hat inspection records 
are kept. 

1. Fire extinguishers should be inspected for broken seals, damage, and 
low gage pressure (depending on type of e guisher). Proper mounting of 
the extinguisher and its ready accessibili ould also be checked. Some 
types of extinguishers must be weighed annually, and periodic hydrostatic 
testing may be required. 

hould be checked at least once a 
month (and after each use) to determine whether proper air pressure is 
being maintained. The examiner should look for signs of deterioration or 
wear of rubber parts, harness, and hardware and make certain that the 
apparatus is clean and free of visible contamination. 

3. Safety showers and eyewash fountains should be examined visually 
and their mechanical function should be tested. 

2. Self-contained breathing appar 

I.F.5 E ~ ~ R ~ E N C Y  ~ R Q C E ~ U ~ E S  

The following emergency procedures are recommended in the event of fire, 
explosion, or other laboratory accident. These procedures are intended to 
limit injuries and minimize damage if an accident should occur. 

1. Render assistance to persons involved and remove them from 
exposure to further injury if necessary. 

2. Warn personnel in adjacent areas of any potential hazards to their 
safety. 

3. Render immediate first aid; appropriate measures include washing 
under a safety shower, administering oxygen and artificial resuscitation if 
breathing has stopped, and special first aid measures (such as the use of a 
cyanide first aid kit if cyanide exposure is involved). 

4. Extinguish small fires by using a portable extinguisher. Turn off 
nearby apparatus and remove combustible materials from the area. In case 
of larger fires, contact the appropriate fire department promptly. 

In case of medical emergency, laboratory personnel should remain calm 
and do only what is necessary to protect life. 
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1. Summon medical help ~ m e d i a t e ~ y .  
2. Do not move an injured person unless he or she is in danger of 

further harm. 
3. Keep any injured person warm. If feasible, designate one person to 

remain with the injured person. The injured person should be within sight, 
sound, or physical contact of that person at all times. 

4. If clothing is on fire, knock the person to the floor and roll him or her 
around to smother the flames or, if a safety shower is  mediately 
available, douse the person with water. 

5.  If chemicals have been spill n the body, flood the exposed area 
with sufficient running water fr safety shower and immediate~y 
remove any contaminated clothing. 

the inner surface of the eyelid with plenty of water for 
fountain should be used if a v ~ l a b ~ e .  Forcibly hold the eye open to wash 
thoroughly behind the eyelids. 

6.  If a chemical has entered the eye, ~mmediate~y w 

PREPARING FOR EMERGENC~E~ 

It is the responsibi~ity of every laboratory orga~ization to establish a 
specific emergency plan for its facilities. Such a plan 
evacuation routes and shelter areas, medical facilities, and 
reporting all accidents and emergencies and shou~d be 
frequent drills and simulated emergencies. 

Evacuation Procedures 

Evacuation procedures should be establishe 
personnel. 

communicated to all 

1. Emergency aIarm system-A system shou~d be available to alert 
personnel in the event of an emergency that may require evacuation. 
Laboratory personnel should be fam~~iar  with the location and operation of 
this equipment. A system should be established to relay telephone alert 
messages; the names and telephone numbers of personnel responsible for 
each laboratory or other area should be prominently posted in case of 
emergencies outside regular working hours. 

Isolation areas (e.& cold, warm, or sterile rooms) should be equipped 
with alarm or telephone systems that can be used to alert outsiders 
presence of a worker trapped insi or to warn workers inside 
existence of an emergency outside t requires their evacuation. 
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tances are handled, it may be desirable to have a 
rm system so that, if concentration of the 
ork environment exceed set limit, an alarm is 

vacuation routes and a ~ ~ e ~ a t ~ v e s  may need 
ated to all personnel. An 

ould be designated. 
shutting down operations 

communicat~d to all 

cedures to ensure that 
t return to the laboratory until the emergency is ended and 

some operations should be 

rocedure should be tested 
regularly (e.g., every 6 months to a year), and trials of evacuations (if there 

sounded to warn the laboratory workers to evacuate the area. 

are such procedures) should be 

dical Facilities 

An e ~ e ~ g ~ c y  room 
in proper t~eatment of c be readily accessible. For 

om many types of 
n of the injured to 

fol~owing: 

from glass or metal, including possible 
chemical contaminat~on; 

3. skin ~rritat~on by chemicals; 
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4. poisoning by ingestion, inhalation, or skin absorption; 
5. asphyxiation (chemical or electrical); and 
6.  injuries to the eyes from splashed chemicals. 

Accident and Emergency Reporting 

A syste9 should be established to ensure that accidents or emergencies are 
promptljh reported to the persons responsible for safety matters. Such 
reports are required by law in many cases and help to uncover hazards 
that can be corrected. In all cases, the report should be in a written form 
and retained as a part of the safety record program. 

FIRES AND EXPLOSIONS 

Small fires that can easily be extinguished without evacuating the building 
or calling the fire department are among the most common laboratory 

owever, even a minor fire can quickly become a serious 
problem. The first few minutes after discovery of a fire are critical in 
preventing a larger emergency. The following actions should be taken by 
laboratory personnel in case of a minor fire: 

1. Alert other personnel in the laboratory and send someone for 
assistance. 

2. Attack the fire immediately, but never attempt to fight a fire alone. A 
fire in a small vessel can often be suffocated by covering the vessel with an 
inverted beaker or a watch glass. Use the proper extinguisher, directing the 
discharge of the extinguisher at the base of the flame. To ensure that the 
proper type of extinguisher is used (see Section I.F.4), compare its use 
label with the descriptions below. 

Class A firesdrdinary combustible solids such as paper, wood, coal, 
rubber, and textiles; 

Class B fires-petroleum hydrocarbons (diesel fuel, motor oil, and 
grease) and volatile flammable solvents; 

Class Cfires-electrical equipment; 
Class D fires-wmbustible or reactive metals (such as sodium and 

potassium), metal hydrides, or organometallics (such as alky~alumi~ums~. 
3. Avoid entrapment in a fire; always fight a fire from a position 

accessible to an exit. 

If there is any doubt whether the fire can be controlled by locally 
available personnel and equipment, the following actions should be taken: 
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1. Notify the fire department and activate the emerg 
2.  Confine the emergency (close hood sashes, doors 

ries, and fire doors) to prevent further spread of the fire. 
3. Assist injured personnel (prov aid or transportation to 

It is the responsibility of the laboratory supervisor to determine whether 
unusual hazards exist that require more stringent safety precautions. In 
large laboratories, or where risk is high, designated firefighting teams may 
be necessary to minimize risk. Special arrangements with local fire 
departments to warn them of the hazards of chemical fires may be 
desirable in some situations. 

CHEMICAL SPILLS 

For most small-scale laboratory spills, the procedures described in Section 
II.E.6 will be adequate. Where large-scale spills may be possible, 
emergency procedures should be prepared for containing spilled chemicals 
with minimal damage. A spill-control policy should include consideration 
of the following points: 

1. prevention-storage, operating procedures, monitoring, inspection, 
and personnel training; 

2. containment-engineering controls on storage facilities and equip- 
ment; 

3. cZeanup-countermeasures and training of designated personnel to 
help reduce the impact of a chemical spill; and 

4. reporting-provisions for reporting spills both internally (to identify 
controllable hazards) and externally (for example, to state and federal 
regulatory agencies). 

OTHER EMERGENCIES 

Laboratories should be prepared for hazards resulting from loss of any 
utility service or severe weather. Loss of the water supply, for example, can 
render safety showers, eyewash fountains, and sprinkler systems inopera- 
tive. All hazardous laboratory work should cease until service is restored. 
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First aid is the immediate care of a person who has been injured or has 
suddenly taken ill. It is 

The initial responsibi~~ty 
scene, who s h o u ~ ~  rea 
person assuming respon 
(be explicit in r e p o ~ ~ n g  
assistance). The inj 
necessary to preve 

summon medical help 

to obtain tra~ning in first aid and cardiopu~monary resuscita- 

~ h - t o - ~ o u t h  ~esusc~tation 
over the patient’s mouth 

until you see the ch 

5. Repeat the procedure at a rate of once every 5 s. 

In the ~nrespons~ve pa~~ent ,  check for a car 
adam’s apple with the tips of t 
between it and the muscle at 
c i rc~~at ion must be reesta~~ish 
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head. 

top of the patient’s breastbone about 

then remove the pressure. 

177 
1. With the patient flat on his or her back, kneel at the waist, facing the 

2. Place the heel of your ri 1 of your left hand on 

3. Shift your weight to the 

4. Continue at a rate of 80 ti 

d by injury to one or more large blood vessels. Lay 
rol bleeding by applying firm pressure directly over 

hief, cloth, or your hand. A tourniquet 
an amputation or other injury to a limb 
top the bleeding. If a tourniquet is used, 

a record of the time it was applied must be kept. 

SHOCK 

Shock usually accompanies severe injury. The signs of shock include 
pallor, a cold and clammy skin and beads of perspiration on the forehead 
and palms or hands, weakness, nausea or vomiting, shallow breathing, and 
a rapid pulse that may be too faint t felt at the wrist. The following 
procedures for the treatment of shock 

1. Correct the cause, if possible (e.g., control bleeding). 
2. Keep the patient lying down; if there are no contraindications (e.g., a 

3. Keep the patient’s airway out to vomit, turn 

4. Keep the patient warm. 

head injury), elevate the patient’s legs. 

the head to the side. 

MISCELLANEOUS ILLNESSES AND INJURIES 

After requesting medical aid, the following points should be addressed in 
specific emergencies: 

1. Abdominal pain-Keep the patient quiet. 
2. Back and neck injuries-Keep the patient 

move the patient or lift the head unless absolute1 
3. Chest pain-Keep the patient calm and qui 

most comfortable position (usually half sitting). 

e nothing by mouth. 
utely quiet. Do not 
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4. Convulsion or epileptic seizure-Place the patient on the floor or a 
not restrain the patient’s movements except to prevent injury. 

liquid in the mouth, 

mouth-to-mouth resuscitation if respiration has ceased. 
6. ~ainting-Simple fainting can usually be ended quickly by laying the 

victim down. 
7. Unexplained unconsciousness-kook for emergency medical iden- 

tification around the victim’s neck or wrist or in his or her wallet. Keep the 
victim warm, lying down, and q e or she regains consciousness. 
Do not move the victim’s head s bleeding from the nose, mouth, 
ear, or eyes. Do not give the vic ing by mouth. Keep the victim’s 
airway open to aid breathing. D p the neck with a pillow. 

medical assistance. Attempt to learn exactly what substances were ingested 
and inform the medical staff (while the victim is en route, if possible) and 
the local poison control center. 

Quickly remove all contaminated c1 
seconds count an 
Immediately flood the affec body area with cold water for at least 15 
min; resume if pain returns. sh off chemicals by using a mild detergent 
or soap (preferred) and water; do not use neutralizing chemicals, unguents, 
or salves. 

while using the safet 

Chemicals on the Skin in a Confined Area 

Immediately flush with cold water and wash by using a mild detergent or 
If there is no visible burn, scrub with warm 

any jewelry in the 
action [the physiological effects of some chemi 
bromides) may be delayed as much as 48 hou 
attention  prompt^^ and explain carefully what chemicals were involved. 



r 
er 

During the past 25 years, the use of electrically powered apparatus in 
laboratories has increased more rapidly than that of any other category of 
equipment. Such equipment is now used routinely for operations requiring 

agitation or mixing, and pumping, as well as for a variety 
sed in making physical measurements. In fact, electrical 

so commonly available that it, rather th or 
other devices that have open flames, should be the only type rce 
present in operations involving the use of flammable materials. However, 

179 
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ensure that no flammable vapors are present before such equipment is 

should be located so as to 
micals could accidentally be 
Id accidentally be spilled on 

the equipment should be unplugged immediately and 
d inspected (preferably by a 

equipment from 
large refrigerator. 

Cold rooms pose a ee Section I.H.4). 
The atmosphere in such rooms is frequently at a high relative humidity 
and the potential for water c ate is significant. If electrical 
equipment must be placed in such the condensation problem can be 
lessened (but not eliminated) by ing the equipment on a wall or 
vertical panel. The potential for ‘cal shock in these rooms can be 

I.G.2 VAC 

Distillations or concentration 

performed by using a mecha 
input line from the sys 
cold trap to collect vol 
amount that enters the vacw 
use of liquid nitrogen 
flammability hazard (see Section I.C. 1). The possibility that mercury will 

be fitted with a 
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might accidentally entangle clothing or fingers in the moving belt, but are 
not necessary for pumps located at a height of at least 7 ft above the 
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device (see Section I.G. 1). 

heated devices 
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mantles and tapes, oil baths, air baths, hot-tube fu aces, and hot-air guns. 
A~though they are inherently much safer than burners as laboratory heat 
sources, such devices can still pose both electrical and fire hazards if used 
improperly. 

ent in any laboratory heating device should 
icy or insulated metal case such that it is not 

worker (or some metallic conductor) to 
ire carrying the electric current. This practice 

f accidentally producing an 

frequently higher than the ignition temperature of many common 
ating device becomes so worn 

s exposed, the device should eit 
before it is again us 
iances (e.g., hot plates and space heaters) Note that many h 

workers should 
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Input 

covered with some insulating 

power if the tcmperature of the heating device exceeds some preset limit. 
Similar control devices are available that will turn off the electric power if 
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chemicals are s 

directly into a 110-V line. 

power if the bath overheats. Bare wires should riot be used as resistance 
devices to heat oil baths. Rat 
pan fitted with an enclosed 

in a metal sheath (i 
a Calrodm, or its equ 

ent should be a m 
from a variable autotransformer output line. 

lar immersion heater 
connection for this 
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porcelain dish; a gla 
accidentally struck w 

be easily raised or lowered w 

Heated oil should be contained in ei 

that water (or some other volatile substanc 

AIR BAT 

Electrically heated air baths 

variable transformer is both mechanically and electrically secure. These 
baths can be constructed from metal, ceramic, or (less desirably) glass 
vessels. If glass vessels are used, they should be thoroughly wrapped with a 
heat-resistant tape so that, if the vessel is accidentally broken, the glass will 
be retained and the bare heating element will not be exposed. 

HEAT GUNS 

Laboratory heat guns are constructed with a motor-driven fan that blows 
air over an electrically heated filament. They are frequently used to dry 
glassware or to heat the upper parts of a distillation apparatus during 
distillation of high-boiling materials. The heating element in a heat gun 
typically becomes red hot during use and, necessarily, cannot be enclosed. 
Also, the on-off switches and fan motors are not usually spark free. For 
these reasons, heat guns almost always pose a serious spark hazard (see 
Section I.C.1). They should never be used near open containers of 
flammable liquids, in environments where appreciable concentrations of 
flammable vapors may be present, or in hoods that are being used to 
remove flammable vapors. Household hair dryers should be used as 
substitutes for laboratory heat guns only if they have three-conductor or 
double-insulated line cords. 



Under most circumstanc 
in such instruments should 
workers do undertake repairs, the instrument line cord should always be 
unplugged before any 
ments can be made on 

~ns~ruction. This 

s vacuu~-~ube  



concentrations of airborne toxic substances. Thus, any changes in overall 
laboratory ventilation systems to conserve energy should be instituted only 
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after thorough testing of their 
workers will still have adequa 
system can be worse than none, because it is 
workers an unwarranted sense of 
airborne toxic substances. 

ed that laboratory 

to give laboratory 

I.H.l GENERAL LA ORATORY VENTILAT 

General ventilation refers to the quantity and quality of the air supplied to 
the laboratory. The overall ventilation system should ensure that the 
laboratory air is continuously being replaced so that concentrations of 
odoriferous or toxic substances do not increase during the w 
Provided that auxiliary local exha t systems (see Sections I 
are available and are used as e primary method for 
concentrations of airborne substances, a ventilation system that changes 
the room air 4- 12 times per hour is normally adequate. 

In all cases, the movement of air in the general ventilation system for a 
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cies. ~ltemative~y, 
posted in such areas 
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area (in square feet) and the ave 



~ a ~ o r ~ t o ~  ~ent~lat ion 197 

LE 5 ~ r - ~ t u r a t i o ~  Concentration of Common Solvents 

Vapor Pressure Saturation Level 
Solvent at 20°C (mm Hg) at 20°C (ppm) TLV (ppm) 
Acetone 184.8 2.43 x lo5 1000 
Benzene 14.2 9.76 x lo4 10 
Carbon tetrachloride 92.0 1.21 x io5 10 
Chloroform 160.0 2.11 x io5 10 

Ethanol 43.0 5.44 x io4 1000 
Ethylene glycol 0.05 65.8 100 
Hexane 119.0 1.51 x io5 100 

Methylene chloride 349.0 4.59 x io5 200 
To 1 u e n e 22.0 2.89 x lo4 100 

Diethyl ether 430.0 5.46 x io5 400 
Dioxane 30.0 3.95 x 104 50 

Methylchloroform 100.0 1.32 X l o5  350 

at can be volatilized into the general laboratory atmosphere 
the TLV, assuming a static atmosphere in the 

ce of molecular weight M and a 
ic feet), the concentration (C)  (in 

e = 8.65 X ~Q5(W)/~ (2) 

us, if 454 g (1 Ib) of acetone is spilled and allowed to evaporate in a 
of acetone will 
The maximum 

V is 67 g. For a more toxic material, such as 
, the maximum permissible amount of material 

ory having a volume of loo0 ft3is about 1 
several common solvents are given in 

at has a volume of 1 

ventilation be used when working with a substance 

substances 5 g or less per 

y assuming rapid di 
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TABLE 6 Amount of Vaporized Solvent per 1000 ft3 of Air Required to 
Equal the TLV at 25°C 

Solvent Mr TLV (ppm) Limit (a) 
Acetone 
Benzene 
Carbon tetrachloride 
Chloroform 
Diethyl ether 
Dioxane 
Ethanol 
Ethylene glycol 
Hexane 
Methylene chloride 
Toluene 
1 , 1 , 1-Trichloroe thane 

58 
78 

154 
119 

74 
88 
46 
62 
86 
85 
92 

133 

1000 
10 
10 
t o  

400 
50 

1000 
100 
100 
200 
100 
350 

67 
1 
2 
1 

34 
5 

53 
I 

10 
20 
11 
55 

estimating its total emission into the room and dividing this by the rate of 
air exhaust from 
variety of different substances is in ss, additional calc 
type are normally not warranted. I ble measure of the exposure to a 
specific substance is required, it is better obtained by having a laboratory 
worker wear a portable air-sampling device, packed with a suitable 
adsorbent and mounted in the breathing zone, for a fixed time period. 
Analysis of the of the sampling device provides a more accurate 
measure of the oncentration of a specific substance to which the 
worker has been exposed. Suitable air-sampling devices are available from 
various safety supply oratory supply houses (see Section 
I.H.6). 

room. For typical laboratories where work 

USE OF GENERAL LABORATORY VENTILATION 

As discussed above, general laboratory ventilation is intended primarily to 
rovide a supply of air 
a1 ventilation devices 

, vented storage cabinets, and such). This 
ery modest protection from toxic gases, vapors, 

released into the laboratory in 
any significant quantity. The car for safety in working with toxic 
substances (see Chapter 1.B) is work with these materials in a 
laboratory should be pe way that they do not come in 
contact with the skin and that quantities of their vapors or dust that might 
produce adverse toxic effects are prevented from entering the general 

e comfort of laboratory workers and 
e exhausted by a variety of auxiliar 
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laboratory atmosphere. Thus, operations such as running reactions, 
heating or evaporating solvents, and transfer of chemicals from one 
container to another should normally be performed in a hood. If especially 
toxic or corrosive vapors will be evolved, these exit gases should be passed 
through scrubbers or adsorption trains. Toxic substances should be stored 
in cabinets fitted with auxiliary local ventilation (see Chapters 1I.B and D), 
and laboratory apparatus that may discharge toxic vapors (vacuum pump 
exhausts, gas chromatograph exit ports, liquid chromatogra 
tion columns, and such) should be vented to an auxiliary local exhaust 
system such as a canopy or a snorkel. Samples that will be measured by 
using instruments or stored in apparatus where auxiliary local ventilation 
is not practical [such as balances, spectrometers, and refrigerators (see 
Section I.G.4)] should be kept in closed containers during measurement or 
storage. Simply stated, laboratory workers should regard the general 
laboratory atmosphere only as a source of air to breathe and as a source of 
input air for auxiliary local ventilation systems. 

I.H.2 USE OF LABORATORY HOODS 

Although many laboratory workers regard hoods strictly as local 
ventilation devices to be used to prevent toxic, offensive, or flammable 
vapors from entering the general laboratory atmosphere, hoods offer two 
other significant types of protection. Placing a reacting chemical system 
within a hood, especially with the hood sash closed, also places a physical 
barrier between the workers in the laboratory and the chemical reaction. 
This barrier can afford the laboratory workers significant protection from 
hazards such as chemical splashes or sprays, fires, and minor explosions. 
Furthermore, the hood can provide an effective containment device for 
accidental spills of chemicals. In a laboratory whe 
their time working with chemicals, there should t one hood for 
each two workers, and the hoods should be larg 
worker with at least 2.5 linear ft of ing space at the face. The 
optimum arrangement is to provide laboratory worker with a 
separate hood. In circumstances where this amount of 
be provided, there should be reasonable provisions for 
ventilation and special care should be exercised i 
restricting the use of hazardous substances. 

The following factors should be remembere the daily use of hoods: 

1. Hoods should be considered as backup safety devices that can 
contain and exhaust toxic, offensive, or flammable materials when the 
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fails and vapors or dusts escape from the 
oods should not be regarded as means for 

als. Thus, apparatus used in hoods should be fitted 
s, or scrubbers to contain and collect waste solvents 
ts. Highly toxic or offensive vapors should always be 

scrubbed or adsorbed before the exit gases are released into the hood 

). Further, some 
ance should be 

apparatus within the hood are being 
ed: vertical sashes down and horizontal 

sashes closed. Sliding sashes should not be removed from ~ o ~ z o n t a ~  
sliding-sash hoods. Keeping the face opening of the hood small improves 
the overall performance of the hood. 

4. The airflow pattern, and 
such factors as placement of 

rfomance of a hood, 
t in the hood, room drafts from 
g by, or even the presence of the 

concentration at the face by 90%. 
arily for storage of chemicals. 

a m~nimum. Stored chemicals 
al, chemicals shoul 

be moved from hoods to vented cabinets for storage. 
ch as paper) should not be perm~tted 
as they can lodge in the ducts or fans 

n 1.6.2) should always be prepared for 
ower failure, for example) or other 

8. If laboratory workers are certain that adequate general laboratory 
tained when the hoods are not running, hoods not 
ed off to conserve energy. If any doubt e 

and adversely affect 
7. An emergency 

unexpected occurrence such as fire or explosion in the hood. 

ventilation will 
in use should 
however, or if toxic substances are being stored in the hood, the 
should be left on. Energy can also 
volume hoods that modulate exhaust 

conserved by the use of variable- 
w with sash position. 
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GENERAL REQUIREMENTS FOR AND EVALUATION 0 
HOODS 

The hood is the best-known local exhaust device used in laboratories. It is, 
however, but one part (typically the principal exhaust port) of the total 
ventilation system and should not be considered as separate from the total 
system, because its performan y influenced by other 
features in the general ventilatio r of recent studies of 
hood performance (see Section I. of the protection hoods 
afford to laboratory workers ha ortance of such factors as 
the volume of input air to the tion of the laboratory 
input-air ports, the location of the laboratory, and the 
placement of apparatus within t to correct poor hood 

H ONSTRUCTIO 

Laboratory hoods and the associated exhaust ducts should be constructed 
of nonflammable materials. They should be equipped with either vertical 
or horizontal sashes t sed. Welded steel construction is 
recommended for the e glass within the sash should be 

r equally safe material 
within the hood. The 
tion I.G.l), and other 

reach within the hood proper. 
requirements, and interior desi 
of the hood. Although externa 
improved directional airflow on so 
indicated. 

In recent years, the “supple 
hood directs a blanket of unt 

total air exhauste 

operated with the sash closed, the 
may even upset the ge 
design and installation of a laborat 
supplementary-air hoods should not be attempted without the aid of a 
qualified ventilation engineer (see Section I.H. 1 
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Although hoods ar only considered as devices for control- 
ling concentrations o 
exhaust flammable vapors. Almost any hood can be used effectively or it 
can be overloaded in spillage of vapor into the 
general room air. 
mixture of air and 
designer and the u 

ors in the hood 

lled into the air. Whenever 
possible, experiments i 1s should be designed so that 
the toxic materials are collected in traps or scrubbers rather than being 
released into the hood. If, for 
filters are recommended for 

scrubbers may also 
gases. None of these 

but adequate temp 
combustion (see S 
and other metho 

must be detenni 

or vapors through a scrubb 
stream of hood exhaust air. 

laboratory atmosphere. If 

arrangement should be provide 
exhausting air when any one of 

All hoods should be evaluated for performance when they are installed. 
New hood types or designs should be evaluated by a method [see, for 
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example, the American Society of Heating, Refrigerating, and Air 
Conditioning Engineers Handbook or Chamberlin and Leahy (Section 

)] that gives a quantitative rating of hood performance. 
rformance should be evaluated against the design specifications for 

airflow across the hood face as well as for the total exhaust air 
ation of operator exposure or other 

evaluation of hood performance 
a change in any aspect of the 

total volume of input air, changes 
e addition of other auxiliary local 
vented cabinets, and snorkels (see 

nee of all hoods in 

in the locations 

of the airflow at 

delivery to the hood face by making 

necessary, by altering the path of 
laboratory hoods are equipped wi 
at both the top and bottom. T 

put air flowing into the room. Most 

an anemometer or vel 
ire additional slots in 

across the hood face. If the sash is c 
The total volume 

The rate of air exhaust fr 
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switch on the 

currents of air at the 

presence or absence 
The observation of 
fumes or smoke can be generated by using cotton swabs dipped in titanium 
tetrachoride, commercial smoke tubes, or aerosol generators. Each hood 
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and location of equipment in it. 

spill outside the hood. 

a very wasteful practi 
also, as noted above, 

cabinets for the storage of toxic or corrosive chemicals. The amount of air 
exhausted by such cabinets much less than that exhausted by a properly 
operating hood. 

The position and movement of the hood user will also affect the 
performance of the hood. A user stand t of an open hood sash 

nsiderable turbul 
g equ~~ment  well b 
11 help minimize losses c 
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After the face velocity of each hood has been measured (and the air flow 
hould be fitted with an inexpensive 

ences in the range of 

e worker exposure 

I.H.3 OTHER LOCAL EXHAUST SYSTEMS 

The usual laboratory hood depends on the horizontal flow of a substantial 
volume of air to direct contaminated air away from the user. Although 
canopy hoods, snorkels, and similar devices that use vertical airflow are 
much less effective, they are useful in providing local ventilation above 
chromatographic and distillation equipment and various instruments (e.g., 
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spectrometers) that cannot reasonably be placed in hoods. With good 
design, these vertical-airflow devices can be used to contain emissions of 
hazardous substances. rop curtains or partial walls of plastic or metal to 
direct the airflow may make the 
training, the users of these devic 
air stream. 

Whether the emission sourc 
chromatography exit port, or the top of a fractional distillation column, 
the local exhaust requir airflow should be 

being emitted, and 
ses or vapors. The 

capture velocity is a p ~ r o x i ~ a ~ e ~ y  7.5% of the face velocity at a distance 

engineer should be 
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into such systems to pe 
air is filtered or scrubbe 

before the exhaust 

.4 SPECIAL V E ~ ~ ~  

require special treatm 

experiments in whic 

system (such as a s 
Isolation rooms 

personal protective 
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impossible by more conventional methods; other substances should be 
handled by general safety procedures. 

rooms or 

e in these areas 

~ n t r o l ~ e d  by preventing the release of aerosols or gases into the room 

door; the electrical system should be independent of t 
supply so that such persons are not confined in the dark. 

As for other 
used in cold r 

such acids can corrode th 

maintenance. Blocked or plugged air intakes and exhausts may alter the 
performance of the total ventilat~on 
lubrication, motors need attention, 
fail; these malfunctions, individually or collectively, can affect overall 
v ~ t ~ l a ~ i o n  performance. 

permits the user to determine whet 
components are functioning properly pressure gage 
other devices that mea n the air duc 
sometimes used to redu 

need for and the ty 
-by-case basis. If t 

All ventilation systems sho~ld  have a mon 



21 0 PROCEDURES FOR WORKING WITH CHEMICALS IN LABORATORIES 

properties and the consequence of overexposure is minimal, the system will 
need less stringent control than if the substance is highly toxic or has poor 
warning properties. The need for scheduled maintenance will also be 
determined by these factors. 

SUPPL T 

1. MSA Research Corp., 600 Penn Center Boulevard, Pittsburgh, PA 15235 
f 

3. Abcor Development Corp., 850 Main Street, Wilmington, MA 01887 
4. Anatole J. Sipin Co., Inc., 425 Park Avenue, South New Uork, NJ 10016 

SUPPLIERS OF INDUSTRIAL 
MQ 

altimore, MD 2 1 

Di ading 

1. Foxboro eo., Wilkes Infrared Center, Box 449, South Norwalk, CT 06856 
2. MDA Scientific Inc., 808 Busse Highway, Parkridge, IL 60068 
3. HNU Systems, 30 Ossipee Road, Newton, MA 02164 
4. Century Systems Corp., Box 818, Arkansas City, KA 67005 
5. Gas-Tech, Inc., 331 Fairchild Drive, Mountain View, CA 94043 
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Pittsburgh, PA 15205 
4. ~ n v i r o n ~ ~ ~ a l  and Process Instruments Division, Bendix Corp., Drawer 83 1, 

Lewisburg, WV 24901 

Aerosol Generators 
1. Sierra Instruments, Inc., Drawer 909, Camel Valley, CA 93924 
2. Climet Instruments, 1320 West Colton Avenue, Redlands, CA 92373 
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Their Classifcation; Oak Ridge National Laboratory, Oak Ridge, TN, 1978, 
Report ORNL/TM-6400. 

3. Caplan, K. J.; Knutson, 6. W. The Effect of Room Air Challenge on the 
Eficiency of Laboratory Fume Hoods; ASHRAE Trans. 83,1977, Part 1. 
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Engineering and Real Properties Branch, USEPA, 1978 ract No. 68-01-4661. 
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The achievement of safe 

received, i n f o ~ a t i o n  

shipments of hazardous substances. These labels indicate the nature of the 
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hazard(s) of the substance(s) shipped and thus provide some indication to 
receiving room, storero 
received, but shou~d not be relied 

Because storage in ~aborato~es 
(see Section II.D.2), it 
lots to avoid the hazards assoc Some chemical 
suppliers ship solvents in small id the hazard of 
breakage. 

tral location for 
dis t~but~on to the store atories. Central 
receiving is also help 
enter the waste disposal system. An ~ n v e n t o ~  of substances kept in the 
storerooms and stockrooms can serve to alert those responsible for 

It is preferable that all 
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3. the dangers of contacting chemicals by skin absorption, inhalation, 

4. the meanings of the various DOT labels on shipping packages; 
5.  the proper methods of material handling 

or ingestion (see Section I.B. 1); 

torage, especially the 
incompatibil~ty of some common substances, gers associated with 
alphabetical storage, and the sensitivity of some substances to heat, 
moisture, light, and other storage hazards (see Table 2 and Section I.C.3); 

6.  the special requirements o -sensitive materials, including those 
shipped refrigerated or packed in 

7. the problems associated with compressed gases, including unique 
construction of an acetylene cylinder (see Sections 

ociated with  able le liquids (especially the danger 
fire some distance from the container) and 

.C) and of toxic gases and vapors and oxygen 
displacement (see Chapter 123); 

9. substances that react with water, giving rise to hazardous conditions 
(e.g., alkali metals, burning magnesium, metal hydrides, acid chlorides, 
phosp~ides, and carbides) (see Section I.C.3); 

10. the federal and state regulations governing controlled substances 
such as radioactive materials, drugs, ethyl alcohol, explosives, and needles 
and syringes; 

1 1. chemicals that have offensive smells; and 
12. packages that exhibit evidence that the inside container has broken 

and leaked its contents. 



S 

There is a range of possibilities for storing chemical substances. The 
arrangements made will depend on the size of the organization, the 
quantities handled, and the nature of the problems. 

Often, the provision of adequate storage space is given little consider- 
ation in the design of laboratory buildings. Lack of sufficient storage space 
can create hazards due to overcrowding, storage of incompatible chemicals 
together, and poor housekeeping. Adequate, properly designed and 
ventilated storage facilities should be provided to ensure personnel safety 
an protection. 

stances, chemicals are delivered after receipt in the institution 
directly to the ind~vidual who initiated the order. If the facilities of the 
laboratory are appropriate (see Chapter 1I.D) for the kinds and quantities 

terials used, this system may be eminently satisfactory. 
wever, experience has shown that it is usually necessary to maintain a 

reserve of supplies in excess of the amounts that can be kept safely in the 
laboratory. If the quantities are large or the volumes of the individual 
containers are such that repackaging is necessary, then a safe place is 

to store these containers and to perform these functions. 
ing on needs, this could be a stockroom for the laboratory or a 

icals should be examined at periodic intervals (at least 
is time, those that have been kept beyond their appropriate 
e deteriorated, have questionable labels, are leaking, have 

corroded caps, or have developed any other problem should be disposed of 

central storeroom for the particular organization. 

218 
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in a safe manner (see Chapters I1.E and 6 ) .  A first-in, first-out system of 
stock keeping should be used. 

Shelved chemicals can walk, creep, and even tip over. Such chemicals 
can be prevented from falling off by placin taining shock cords or 
similar restraining devices across the open face of the shelf or by raising 
the forward face of the shelf about one-quarter inch. 

Stockrooms are similar to central storerooms except that the quantities of 
materials involved are usually much smaller (the materials stored will be 
the inventory for a particular laboratory or groups of laboratories) and 
such rooms are usually within or close to the areas served. 

Stockrooms should not be used as preparation areas because of the 
possibility that an accident will occur and thereby unnecessarily contami- 
nate a large quantity of materials. Preparation and repackaging should be 
performed in a separate area. 

Stockrooms should be conveniently located and open during normal 
working hours so that laboratory workers need not store excessive 
quantities of chemicals in their laboratories. However, this does not imply 
that all laboratory workers should have unlimited access to the Chemicals 
in the stockroom. Procedures must be established for the operation of any 
stockroom that place responsibility for its safety and inventory control in 
the hands of one person. If it is n feasible to have a full-time stockroom 
clerk, then one person who is readily available should be assigned that 
responsibility. 

Stockrooms should be well ventilated. If storage of opened containers is 
permitted, extra local exhaust ventilatio d the use of outside storage 
containers or spill trays are necessary. 

ABLE LIQUIDS 

Centralized storage of bulk quantities of flammable liquids provides the 
best method of controlling the associated fire hazard. 

Because the most effective way to minimize the impact of a hazard is to 
isolate it, a storage and dispensing room for flammable liquids is best 
located in a special building separated from the main building. If this is not 
feasible, and the room must be located in a main building, the preferred 
location is a cutoff area on the at-grade level and having at least one 
exterior wall. [NOTE: Cutoff is a fire-protection term defined as “separated 
from other areas by fire-rated construction.”] In any case, storage rooms 
for flammable liquids should not be placed on the roof, located on a below- 
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grade level, an upper floor, or in the center of the building. All of these 
locations are undesirable because they are less accessible for fire fighting 
and potentially dangerous to the safety of the personnel in the building. 

The walls, ceilings, and floors of an inside storage room for flammable 
liquids should be constructed of materials having at least a 2-hour fire 
resistance, and there should be self-closing Class fire doors [see the 
OSHA standard (29 CFR 1910.104~d)~4)~i)) or the National Fire 
Protection Association (NFPA) Standard (No. 30.43 lo)]. All storage 
rooms should have adequate mechanical ventilation controlled by a switch 
outside the door and explosion-proof lighting and switches. Other 
potential sources of ignition, such as burning tobacco and lighted matches, 
should be forbidden. 

II.B.3 DRUM STORAGE 

Fifty-five gallon drums are commonly used to ship ammable liquids but 
are not intended as long-time inside storage cont ers. It is not safe to 
dispense from sealed drums exactly as they are received. The bung should 
be removed and replaced by an app ed pressure and vacuum relief vent 
to protect against internal pressu ildup in the event of fire or if the 
drum might be exposed 

If possible, drums sh metal racks placed such that the 
end bung openings are d the side bung openings are on 
top. The drums, as well as the racks, should grounded with a minimum 
length of America wire gage 10 wire. cause effective grounding 
requires metal-to-metal contact, all dirt, t, and corrosion must be 
removed from the contact areas. Spring-type battery clamps and a 
minimally sized conductor (e.g., American wire gage 8 or 10) are 
satisfactory. It is also necessary to provide bonding to metal receiving 
containers to prevent accumulation of static electricity (which will 
discharge to the ground, creating a spark that could 
vapors). Drip pans that have flame arresters should b 
under faucets. 

Dispensing from drums is usually done by one of two methods. The first 
is gravity based through drum faucets that are self-closing and require 
constant hand pressure for operation. Faucets of plastic construction are 
not generally acceptable due to chemical action on the plastic materials. 

The second, and safer, method is to use an approved hand-operated 
rotary transfer pump. Such pumps have metering options and permit 
immediate cutoff control to prevent overflow and spillage, can be reversed 
to siphon off excess liquid in case of overfilling, and can be equipped with 
drip returns so that any excess liquid can be returned to the drum. 
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Toxic substances shou~d be segregated from other substances and stored in 
a well-defined or ident~fied area that is cool, well ventilated, and away from 

heat, acids, oxidizing agents, moisture, and such. 
e storage of unopened containers of toxic substances normally 

presents no unusua~ requirements. owever, because containers occasion- 
ally develop leaks or are broken, storerooms should be equipped with 
exhaust hoods or equivalent local ventilation devices (see Section I.N.4) in 
which containers of toxic substances can be handled. 

Opened containers of toxic substances should be closed with tape or 
other sealant before being r e t u ~ e d  to the storeroom and should not be 
returned unless some type of local exhaust vent~lat~on is available. (See 

rage and record-keeping procedures for 

CALS 

evolve heat and flammable or 
tassium and sodium metals and many 

metal hydrides react on contact with water to produce hy 
reactions evolve su eat to ignite the hydrogen with explosive 
violence. Certain po on catalysts, such as a~um~num alkyls, react 
and burn violently on contact with water. 

Storage facilities for water-sensitive chemi uld be constructed to 
prevent their accidenta~ contact with water. est accomplished by 
e~iminating all sources of water in t e storage area; for example, areas 
where large quantities of water-sens~tive chemicals are stored should not 
have automatic sprinkler systems. Storage facilities for such chemicals 
should be of fire-resistant construction, and other combustible materials 
should not be stored in the same area. 

Cylinders of compressed gases should be stored in well-ventilated, dry 
s should be of  re-resistant 

s may be stored out of doors, but 
event corrosion of the cylinder 

rage and use of 
regulations (29 

compressed gas cylinders s ould not be stored near sources of ignition 

b o t t o ~  and air c~rcu~ation must not be restricted. 
ressed gases should be in comp~iance with 
19 10.166- 17 1). 
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where they might be e 
uld not be stored where 

sed to corrosive c emicals or vapors. They 
y objects might s ke or fall on them, such 

s, service corridors, and unprotected platform edges. 
storage area should be posted with the names of the gases 
ases of different types are stored at the same location, the 

cylinders should be grouped type of gas (e.g., flammable, toxic, or 
corrosive). If possible, how r, flammable gases should be stored 
separately from other gases and provision should be made to protect them 
from fire. Full and empty cylinders should be stored in separate portions of 
the storage area, and the layout should be arranged so that older stock can 
be used first with  minim^ handling of other cylinders. 

Cylinders and valves are usually equipped with various safety devices, 
~ncluding a fusible metal plug that melts at 70-95°C. Although most 
cylinders are designed for safe use up to a temperature of 5@C, they should 
not be placed where they can become overheated (e.g., near radiators, 
steam pipes, or boilers). Cylinder caps to protect the container withdrawal 
valve should be in place at all times during storage and movement to and 
from storage. 

Cylinders should be stored in an upright position where they are 
ocked over, or they should be secured in an upright or 
n. Acetylene cylinders should always be stored valve end 

up to minimize the possibility of solvent discharge (see Section I.D.4). 
Oxygen should be stored in an area that is at least 20 ft away from any 
flammable or combustible materials (especially oil and grease) or separated 
from them by a noncombustible barrier at least 5 ft high and having a fire- 
resistance rating of at least 1/2 hour. 

Cylinders are sometimes painted by the vendor to aid in the recognition 
of their contents and make separation of them during handling easier. 
However, this color coding is not a reliable method for identification of 
their contents; the stenciled or printed name on the cylinder is the only 
accepted method. If it is suspected that a ored cylinder is leaking, the 
procedures described in Section II.E.6 shod 



The method of transport of chemicals between stockrooms and laborato- 
ries must reflect the potential danger posed by the specific substance. 

and carried, they should be placed in an outside 
ng bucket to protect against breakage and spillage. 

en they are transported on a wheeled cart, the cart should be stable 
under the load and have wheels large enough to negotiate uneven surfaces 
(such as expansion joints and floor drain depressions) without tipping or 
stopping sudden~y. 

To avoid exposure to persons on passenger elevators, if possible, 
chemicals should be transported on freight-only elevators. 

Provisions for the safe transport of small quantities of flammable liquids 
include (a) the use of rugged pressure-resistant, nonventing containers, (b) 
storage during transport in a well-ventilated vehicle, and (c) elimination of 
potentia~ ignition sources. 

The cylinders that contain compressed gases are primarily shipping 
containers and should not be subjected to rough handling or abuse. Such 
misuse can seriously weaken the cylinder and render it unfit for further use 
or transform it into a rocket having sufficient thrust to drive it through 
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masonry walls. To protect the valve during transpo~at~on, the cover cap 
should be left screwed on hand tight until the cylinder is in place and 
ready for actual use. Cylinders should never be rolled or dragged. T 
preferred transport, even for short distances, is by suitable hand truck w 
the cylinder strapped in place. Only one cylinder shoul 
time. 



S 

S 

The amounts of toxic, flammable, unstable, or highly reactive materials 
that should be permitted in laboratories are an important concern. To 
arbitrarily restrict quantities may interfere with laboratory operations but, 
conversely, unrestricted quantities can result in the undesirable accumula- 
tion of such materials in the laboratory. It is, however, necessary to 
comply with any local statutory restrictions on allowable quantities. 

It is necessary to balance the needs of the laboratory workers and the 
established requirements for safety. ecisions in this area will be affected 
by the level of competence of the workers, the level of safety features 
designed into the facility, the location of the laboratory, the nature of the 
chemical operations, and the accessibility of the stockroom. In some cases, 
local regulations or insurance requirements will determine the quantities 
that can be stored. In general, all laboratories should have two exits (one 
may be an emergency exit) so that a fire at one exit will not block 
occupants’ escape; doors that open outward are desirable. 

1I.D. 1 GENERAL C O N S I ~ ~ R A T I O N S  

Every chemical in the laboratory should have a definite storag 
should be returned to that location after each use. 

The storage of chemicals on bench tops is undesirable; in such locations, 
they are unprotect~ from potential exposure to fire and are also more 
readily knocked over. Storage in hoods is also inadvisable because this 
practice interferes with the air flow in the hood (see Sections I.H.3 and 4), 

225 



22 ~ R O C ~ R E ~ E N ~ ,  STORAGE, D ~ S ~ R ~ ~ ~ ~ ~ Q N ,  AND DISPOSAL 

clutters up the working space, and increases the amount of materials that 
could become involved in a hood fire. 

Storage trays or secondary containers should be used to minimize the 

rs tend to store hazardous materials in 
the provision of ventilated cabinets in 

of such cabinets also has the advantage 
e hood, the safe practice of making 
he hood is encouraged. 

As for storerooms and stockrooms, care s ould be taken in the 
laboratory to avoid exposure of chemicals to heat or direct sunlight and to 
observe precautions regarding the proximity of incompatible substances 

b o r a t o ~  refrigerators are to be used for the storage of chemicals only; 
ust not be placed in them. All containers placed in the refrigerator 

should be properly labeled (~denti~catiQn of contents and owner, date of 
ration, and nature of any potential hazard) and, if 

sealed to prevent escape of any corrosive vapors. 
ould not be stored in laboratory refrigerators unless 

the unit is an approved, explosion-proof, or laboratory-safe type (see 
Section I.G.4 and NFPA Standards 45 and 56D). 

The chemicals store in the laboratory should be inventoried periodical- 
ly, and unneeded items should be returned to the stockroom or storeroom. 
At the same time, containers that have illegible labels and chemicals that 

e disposed of (see Chapters 1I.E and 

n termination, transfer, gr tion, or such of any laboratory 
personnel, those personnel and the laboratory supervisor should arrange 

r the removal or safe storage of all hazardous materials those persons 
ve on hand. 

~stribut~on of material should a container break or leak. 
ecause most 

hapter I IA,  Section I.C.3, and 

r to have deteriorated shoul 

regulations for the ~aboratory storage of ammable and combusti- 
ids are not based on fire prevention and rotection principles but 

e types and sizes of containers allowable [and would 
permit the storage of 60 metal drums in laboratories of colleges and 
universities (see Section .3)]. The NFPA standard (No. 49, on the 
other hand, has a quantity limit per 100 ft2 that depends on the 
construction and fire protection afforded in the laboratory and restricts 
instructional laboratories to half the quantities for industrial or graduate 
student laboratories. A second NFPA standard (No. 30) addresses the 
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amounts that may be stored outside of an approved flammable-liquid 
storage room or cabinet, but does not consider fire protection features 
available (see Table 7). 

Whenever feasible, quantities of flammable liquids greater than 1 liter 
should be stored in metal containers. Portable approved safety cans are 
one of the safest methods of storing flam~able liquids. These cans are 
available in a variety of sizes and materials. They have spring-loaded spout 
covers that can open to relieve internal pressure when subjected to a fire 
and will prevent leakage if tipped over. Some are equipped with a flame 
arrester in the spout that will prevent flame propagation into the can. If 
possible, flammable liquids received in large containers should be 
repackaged into safety cans for distribution to laboratories (see Section 
II.B.2). Such cans must be properly labeled to identify their contents. 

Small quantities of flammable liquids should be stored in ventilated 
storage cabinets made of 18-gage steel and having riveted and spot-welded 
seams. Such cabinets are of double-wall const~ction and have a 1.5411. air 
space between the inner and the outer walls. The door is 2 in. above the 
bottom of the cabinet, and the cabinet is liquid tight to this point. It is 

r-venting provisions and can be equipped with a 
aterials that react with water should not be stored in 

inets.) Some models have doors that close automati- 
cally in the event of fire. 

If, for reasons of cost or space limitations, storage cabinets must be 
constructed of wood, they should be built according to the Los Angeles 
Fire Department specifications (see a so NFPA Standard 30). 

In any case. the hazard of storage of flammable materials in wooden 
cabinets in existing laboratories can be decreased by the use of intumescent 
fire-retardant coatings or other means that provide effective fire insulation. 
[NOTE: On heating, intumescent materials expand from a thin paintlike 
coating to a thick puffy coating that insulates or excludes oxygen and 
protects the subsurface from ignition.] 

Other considerations in the storage of flammable liquids in the 
laboratory include ensuring that aisles and exits are not blocked in the 
event of fire; that accidental contact with strong oxidizing agents such as 
chromic acid, permanganates, chlorates, perchlorates, and peroxides is not 
possible; and that sources of ignition are excluded. 

II.D.3 TOXIC S~BSTANCES 

Chemicals known to be highly toxic, including those classified as 
carcinogens, should be stored in ventilated storage areas in unbreakable 
chemically resistant secondary containers. 
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rials should be present 
taining such substances should carry a 

or chronic toxicity 
ited access, and be 
invento~ of these 

rely strapped or chained to a 
ing knocked over accidentally. When 
to keep them capped. Care should be 
of heat or i ~ i t ~ o n  (see also Sections 

ndling of Compressed Gases in 
Medical Gases; New York, 

No~hem Publishers: Aberdeen, Scotland, 1970. 

4. Los Angels Fire Department. Hazardous Materials Storage Cabinets; Los 
geles, Calif., Jan. 1,1960, Standmd40. 

5. ~ a n ~ a c t u ~ ~ g  Chemists Association. Guide for Safe@ in the Chemical 

cts. Safe Handling of Compressed Gases in Laboratory 
, N.J. 

otection Association. No. 30: Flammable and Combustible 
Liquids Code; No. 325M: Fire Hazard Properties of Flammable Liquids? Gases, and 

lids; No. 45: Fire Protection for Laboratories Using Chemicals; No. 49: 
Chemical Data; No. 491M: Manual of Hazardous 
1 : Flash Point Index of Trade Name Liquids; Bost 

Laboratory; Van N o s t r ~ d - ~ e ~ o l ~  New York. 



is 

to 

Proper disposal of the substances they have d is an important 
responsibility of all laboratory workers. Arrangements for disposal may 
vary from laboratory to laboratory, depending on the facilities and the 
types of substances used, but the basic principle is that substances must be 
disposed of in ways that avoid harm to people and the environment. 

t is safe and le to the 
also importa sider the 

future fate of the waste substance. (See Chapter 1I.G.) 

1I.E. 1 GENERAL CONSIDE 

The plan for safe disposal of the s used is as much a part of the 
plan for the experiment as is the acquisition of materials, the experimental 
procedures, and the lation or storage. If an experiment involves new 
types of disposal p ems, the laboratory worker should discuss the 
disposal plan with the laboratory supervisor and, if necessary, with the 
safety coordinator for the organization. 

If practical, very hazardous substances should be converted to less 
hazardous substances in the laboratory rather than being placed directly in 
containers. For example, strong carcinogens should be oxidized in solution 
in the laboratory before disposal, and highly reactive substances 
metallic sodium and peroxides, should be converted to less reactive 
substances. Reactions may be moderated by dilution, cooling, or the slow 
addition of a neutralizing agent. For water-miscible materials, pouring the 
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reaction mixture onto a bed of ice can often be a way to cool and dilute it 
simu~taneously . 

All persons using chemicals in the laboratory should be generally aware 
of the toxic properties of the substancets) used, including consideration of 
the toxic properties of possible reaction products (see Chapter I.E.1). If the 
toxic properties of possible products are not known, the products should 
be treated with respect and the disposal method should take account of the 
uncerta~n hazards. Some products may be disposed of as an integral part of 
the expe~ment (e.g., by using a scrubber for a gaseous product). 

The cleanup of a laboratory that has been damaged by fire may present 
special hazards, e.g., the presence of toxic chemicals in the atmosphere and 
work env~ronment, and may require special precautions. 

The disposal of chemicals from instructional laboratories is a special 
problem because the students in such laboratories are inexperienced, the 
quantities of wastes may be relatively large, and the facilities may not be 
optimum. Education of students about how to handle chemicals and 
dispose of them safely is an integral part of their laboratory training. 

II. THE SEWER SYSTE 

Sewer systems operate in various ways, and some of them may be harmed 
or may present hazards for people and the environment when some 
chemicals are added directly to them. Generally, there are local regula- 
tions about what may be poured down the drain. The laboratory 
supervisor should know the local regulations and communicate this 
i n ~ o ~ a t i o n  to th oratory workers so that they can conform to the 
regulations. All tory workers should know and respect these 
regulations. For sewer systems that discharge into waterways, federal 
regulations limit the disposal of certain toxic chemicals. In general, the 
following rules regarding disp into a sewer system should be followed: 

nly water-soluble substances should be disposed of in the laboratory 
sink. Solutions of ~ ~ m a b l e  solvents must be suficiently dilute that they 
do not pose a fire hazard. 

be diluted to the pH 3-1 1 range before 
they are poured in the sewer system. Acids and alkalis should not be 
poured into the sewer drain at a rate exceeding the equivalent of 50 ml of 
concentrated substance per min. 

ighly toxic, malodorous, or lachrymatory chemicals should not be 
disposed of down the drain. Laboratory drains are generally interconnect- 
ed; a substance that goes down one sink may well come up as a vapor in 
another. Sinks are usually communal property, and there is a very real 

2. Strong acids and bases sho 



232 PROCUREMENT, STORAGE, DISTRIBUTION, AND DISPOSAL 

hazard of chemicals from two sources contacting one another; the sulfide 
poured into one drain may contact the acid poured into anothe 
unpleasant consequences for all in the building. Some simple reactions can 
even cause explosions (e.g., ammonia plus iodine, silver nitrate plus 
ethanol, or picric acid plus lead salts). 

4. Small amounts of some heavy-metal compounds may be disposed of 
in the sink, but larger amounts may pose a hazard for the sewer system or 
water supply. 

(See Chapter 1I.G.) 

LI.E.3 DLSPOS~L OF SOLID C E ~ I C ~ L  WASTES 

Each organization should have procedures for collecting solid chemical 
wastes from the laboratories and arranging for disposal by the institution 
(see Chapter 1I.G). These procedu should include a clear understanding 
as to who is in charge and what the responsibilities of the laboratory 
workers are with respect to the identification of hazards that may be 
encountered in handling, transporting, and disposing of the solid waste. 
The people picking up such material should be aware of th 
know what to do in case of a spill during transpo~ation. 

The solid chemical wastes of a laboratory should be placed in containers 
provided for that purpose. When bottles are used, they should be placed in 
buckets. It is always important to be sure that all wastes are adequately 
labeled. The laboratory worker sho aware of the hazards that may be 
involved in disposing of parti olid chemical wastes and the 
importance of segregating incompatible materials (see Section I.C.3 and 
Table 2). 

II.E.4 D I S ~ O S ~ L  OF LI 

Similar to the requirements for solid chemical wastes, each organization 
should have a procedure for collecting liquid chemical wastes from the 
laboratories and arranging for their disposal by the institution (see Chapter 
1I.G). Suitable containers should be provided, and the laboratory workers 
should understand what may, or may not, be placed in these containers 

aste solvents that are free of solids and corrosive or reactive 
substances may be collected in a common bottle or can, which is taken 
away when full. If this system is used, it is essential to consider exactly 
what mixtures will go into the can and whether the substances involved 
are compatible (this may include waste from the neighboring laboratory 

hich materials require special labeling. 
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should its waste solvent bottle be full). Segregation into two or three types 
of waste is often useful (e.g., chlorinated solvents, hydrocarbons), as is the 
use of completely separate bottles for waste that poses special difficulties. 
In particular, because chlorinated solvents form hydrogen chloride on 
combustion, they often must be segregated from materials destined for 
incineration as their burning will violate local air pollution ordinances. 
Generally speaking, separated and well-defined waste is easier to dispose of 
and, if an outside contractor is used, is also less expensive. All wastes 
posing hazards should be so labeled. 

Some solvents (such as ethers and secondary alcohols) form explosive 
peroxides on standing. Some reactions can cause explosions directly (e.g., 

loroform in the presence of a base). Others, such as acid- 
ase interactions, can generate sufficient heat to vaporize cr ignite 
ammable materials such as carbon disulfide. The addition of hot 

materials can cause the buildup of pressure in a tightly closed solvent 
container, with the potential for compressive ignition. The acid formed 
when halogenated solvents are left moist can ode cans, as can any 
dissolved corrosive in a discarded mixture. 

When large quantities of a solvent are involved, consideration should be 
given to recycling rather than disposal. This operation also involves some 
potential hazard and expense, but these limitations may be less severe than 
those for disposal, especially as disposal costs are increasing. 

ISPQSAL OF ESPEC~ALLY ~ ~ A R ~ Q ~ S  WA 

This class of chemical wastes includes very toxic substances, strong 
carcinogens, mutagens, nerve gases, explosives, and substances in tanks 
and other sealed containers. The laboratory worker has the responsibility 
to ensure that proper arrangements for disposal of these materials are 
made. Wherever possible, chemical reaction in the laboratory to produce 
less hazardous substances should be undertaken. For the case of those 
chemicals regulated as carcinog EPA disposal rules must be followed 
(see Chapter I1.G). 

A spill of one of these substances can be an especially serious hazard. 
Personnel working with such substances should have contingency plans, 
~uipment ,  and materials available for coping with potential accidents. 

II.E.6 SPILLS 

Experience has shown that the accidental release of hazardous substances 
is a common enough occurrence to require preplanning for procedures 
that will minimize exposure of personnel and property. Such procedures 
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may range from having available a sponge mop and bucket to having an 
emergency spill-response team, complete with protective apparel (see 
Sections I.F. 1-3), safety equipment (see Section I.F.4), and materials to 
contain, confine, dissipate, and clean up the spill. 

The preplanning should include consideration of the following factors: 

ntial location of the release (e.g., outdoors versus indoors; in a 
laboratory, corridor, or storage area, on a table, in a hood, or on the floor), 

es of material that might be released and whether the 

physical properties of the material (e.g., its physical 

4. hazardous properties of the material (its toxicity, corrosivity, and 

5 .  the types of personal protective equipment that might be needed. 

n any event, there should be supplies and equipment on hand to deal 
with the spill, consistent with the hazards and quantities of the spilled 
substance. These cleanup supplies should include neutralizing agents (such 
as sodium carbonate and sodium bisulfate) and absorbants (such as 
vermiculite and sand). Paper towels and sponges may also be used as 
absorbent-type cleanup aids, a~though this should be done cautiously. For 
example, paper towels used to clean up a spilled oxidizer may later ignite, 
and approp~ate gloves (see Section 13.2) should be w wiping up 
highly toxic materials with paper towels. Also, when flammable 
solvent is absorbed in vermiculite or sand, the resultant solid is highly 
flammab~e and gives Q mmable vapors and, thus, must be properly 
contained or removed 

d material or a compressed gas, 

state, vapor pressure, and air or water reactivity), 

f l ~ m a b i ~ i t y ) ,  and 

Commercial spill kits are available that have instructions , absor- 
bents, reactants, and protective equipment. These kits may be located 
strategically around work areas much as fire extinguishers are. 

f a spill does occur, the following general procedures may be used but 
uld be tailored to individua~ needs: 

1. Attend to any persons who may have been contaminated. 
2. ~ o t ~ f y  persons in the immediate area about the spill. 
3. Evacua 
4. If the 

onessential personne~ from the spill area. 
material is flammab~e, turn off ignition and heat 

sources. 
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5. Avoid breathing vapors of the spilled material; if necessary, use a 

6. Leave on or establish exhaust ventilation if it is safe to do so (see 

7. Secure supplies to effect cleanup. 
8. During cleanup, wear appropriate apparel (see Sections 
9. Notify the safety coordinator if a regulated substance is involved. 

respirator (see Section I.F.4). 

Chapter 1.H). 

ANDLING OF SPILLED LIQUIDS 

1. Confine or contain the spill to a small area. 
2. For small quantities of inorganic acids or ba 

not let it spread. 
use a neutralizing 

agent or an absorbent mixture (e.g., soda ash or diatomaceous earth). For 
small quantities of other materials, absorb the spill with a nonreactive 
material (such as vermiculite, dry sand, or towels). 

3. For larger amounts of inorganic acids and ases, flush with large 
amounts of water (provided that the water will not cause additional 
damage). Flooding is not recommended in storerooms where violent 
spattering may cause additional hazards or in areas ere water-reactive 

inging out the mop in a sink or a pail equipped 
with rollers. 

5. Carefully pick up and clean any cartons or bottles that have been 
splashed or immersed. 

6. Vacuum the area with a vacuum cleaner approved for the material 
involved, remembering t the exhaust of a vacuum cleaner can create 
aerosols and, thus, shou e vented to a hood or through a filter. 

7. If the spilled material is extremely volatile, let it evaporate and be 
exhausted by the mechanical ventilation system (provided that the hood 
and associated mechanical system is spark-proof). 

8. Dispose of residues according to safe disposal procedures (see 
Chapter 1I.G). 

ANDLING OF SPILLED SOLIDS 

Generally, sweep spilled solids of low toxicity into a dust pan and place 
them in a solid-waste container for disposal. Add~tiona~ precautions such 
as the use of a vacuum cleaner e¶uipped with a EPA filter may be 
necessary when cleaning up spills of more h ~ g h ~ y  t O X k  solids. 
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ANDLING OF LEAKING COMPRESSED GAS CYLINDERS 

Occasionally, a cylinder or one of its component parts develops a leak. 
Most such leaks occur at the top of the cylinder in areas such as the valve 
threads, safety device, valve stem, and valv 

If a leak is suspected, do not use a r detection; rather, a 
flammable-gas leak detector or soapy water or other suitable solution 
should be used. If the leak cannot be remedied by tightening a valve gland 
or a packing nut, emergency action procedures should be eEected and the 
supplier should be notified. Laboratory workers should never attempt to 
repair a leak at the valve threads or safety device; rather, they should 
consult with the supplier for instructions. 

The following general procedures can be used for leaks of ~ i n ~ m u m  size 
where the indicated action can be taken without serious exposure of 
personnel. 

If it is necessary to move a leaking cylinder through populated portions 
of the building, place a plastic bag, rubber shroud, or similar device over 
the top and tape it (duct tape preferred) to the cylinder to confine the 
leaking gas. 

1. Flammable, inert, or oxidizing gas ove the cylinder to an 
isolated area (away from combustible material if the gas is flammable or an 
oxidizing agent) and post signs that describe the hazards and state 
warnings. 

2. Corrosive gases may increase the size o f t  
and some corrosives are also oxidants or fl 
an isolated, well-ventilated area and use suitab 
into an appropriate chemical neutralizer. Po 
hazards and state warnings. 

3. Toxic gases-Follow the same procedure as for corrosive gases. 
Move the cylinder to an isolated, well-ventilated area and use suitable 
means to direct the gas into an appropriate chemical neutralizer. Post 
signs that describe the hazards and state the warnings. 

When the nature of the leaking gas or the size of the leak constitutes a 
more serious hazard, self-contained breathing apparatus (see Section I.F.4) 
or protective apparel (see Sections I.F. 1-3), or both, may be required. 
action for large or uncontrolled leaks may include any of the following 
steps: 

1. evacuation of personnel, 





The most appropriate method of disposing of animal tissues and excretion 
products that are contaminated with toxic substances and of the unused 
diet from studies in which the toxic substance was incorporated into the 
diet is by incineration (see also Section I.G.l). 

Before incineration, however, it is important to consider the chemical 
properties and thermal stability, as well as the quantity, of the substance 
present in the items to be disposed of. For example, if the toxic substance 
in question is thermally stable, incineration in a conventional facility may 
lead to the contamination of the immediate environment of the incinerator. 
It is also important to know whether any product is f o ~ e d  on combustion 
of the animal tissues containing toxic substances that is thermally stable 
and likely to have significant toxicity. In rare cases, the combustion of 
animal tissues containing toxic substances may result in the formation of 
products that are more toxic 
example, recent work in Swe 
polychlorinated biphenyls at may lead to the formation of 
highly toxic chlorinated benzofurans as a side product. 

Thus, alternative methods of disposal should be used for the disposal of 
animal remains and products containing a thermally stable toxin or if it is 
anticipated that the combustion process will result in the formation of 
thermally stable toxins. One a ~ t e ~ a t i v e  that is available is combust~on in a 
special incinerator capable of v 
sufficient dwell time for the v material to ensure its de~radation. 





ee 

Every organization should have a system for the disposal of c 
wastes that is safe and environmentally acceptable. This system should be 
under the direction of a safety rdinator or ~ e p a ~ m e n t  specifica~~y 
charged with that responsib~lity. tten plans for handling emergencies 
such as spills (see Section II.E.6) should be readily available. To serve the 
range of laboratory requirements (solid vers 
wastes), the disposal system should be co 
Storage of wastes at the institution s 

The Resources Conservation and 
is intended to provide cradle-t 
establishes a national hazardous-w 
authorized to establish a system th 
from the time they are generate 
and treatment to their ultimate disposal. The act requir 
documented, and reg~lat~ons have been promu~gated [4 
12,746 (Feb. 26, 1980) and 33 
implementing this law. 

It is now necessary to address the fundamental question of what 
constitutes a hazardous waste. The E A p r o ~ o s a ~  defines waste as 
hazardous if it meets criteria of toxicity, ign~tab~~ity, corrosiveness, or 
reactivity. For example, ignitible waste is defined as (a) any l iq~id that has 
a flash point of less than 140"F, (b) any substance that can cause a fire by 
reaction or self-ignition, (c) any ignitable compressed gas, or (d) any 
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oxidizer. [Lists of waste chemicals designated as ha~ardous are given 

Other regu~ations have been proposed concerning the generation and 
transpor~t~on of chemical wastes, waste-facil~ty standards, permits, state 
~rograms, and inspection and enfor~ment. ~mplementation, however, will 
occur one step at a time; thus, disposal procedures should be confirmed 

ith a ~nowledgeab~e safety coordinator at least annually. The RCRA will 
ave a major impact on all aspects of chemical waste d~sposa~. 

~n6ineration is the most e n v ~ r o n ~ e n t a ~ ~ y  acceptable method of chemical 
e ~isposa~.  Combust~on of organic materials with 
temperatures for suffic~ent time results in degrada 

constitue~ts or by-pro cts that are easier to handle in an environmenta~ly 
acceptable manner. add~t~on to heat, the principal products of 
~ncinerat~on are carb ioxide, water, and oxides of sulfur and nitrogen; 

ther volatile materials may also be formed. 
ash and solid residues. 
ly developed; a wide variety of sizes and 

equipment that can be used to handle solids, liquids, and gases is 
. ~ u r r e n t  ~egu~at~ons date that such units be equipped with 
-treatment devices s s afterburners, scrubbers, electrostatic 

~ rec ip i~ to r s ,  and filters. ~ncinerators are complex pieces of equipment 
that require competent erating personne~ as well as operating permits. 
Some incinerators can discarded solvents for their 

ing on w ~ a t  is burne 

regulations setting 
d before becoming 

nal, these r e g ~ l ~ ~ i o n s  will require destruction combustion efficiencies of 
99.9% and set pa r t~cu~a~e  limits and retention times at specified tempera- 
tures. 

e access to an incinerator can arrange for 
f chemical wastes by contract with a 

ever, the transpor~ation of hazardous 
regu~at~ons (49 CFR Parts ust be in a c c o r ~ a ~ c e  w~th  the 
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11.6.2 SEWERS 

any water-soluble chemicals can safely be flushed down the drain into 
sewers that go to treatment plants. However, care must be taken to avoid 
using this disposal system for materials that can create problems in the 
sewer system or constitute a violation of regulations. In the United States, 
local municipal codes and regulations govern discharge into public 
sanitary and storm drain systems and usually have limitations regarding 
the introduction of chemical wastes into these systems. It is essential, 
therefore, to be aware of these limitations and to obtain any necessary 
permits. 

There are also EPA-prom~lgated regulations on prohibited discharges 
in the general pretreatment regulations for existing and new sources of 
pollution as outlined below. States and municipalities will extend the 
regulation of sewer discharges as these standards are implemented. 

1. Pollutants that inhibit or interfere with the operation or performance 
of the publicly owned treatment works (~OTW) shall not be introduced. 

2. The following pollutants may not be introduced: (a) those that can 
create a fire or explosion hazard, (b) those that can cause structural 
damage (no discharge at a wer than 3 unless the POTW is designed 
to handle it, (c) solid or vi aterials in amounts that could obstruct 
the flow or interfere with the operation of the POTW, (d) those released in 
such volume or strength as to cause interference with operation of the 
POTW, and (e) heat in amounts that could inhibit biological activity in the 

OTW developing pretreatment programs must develop and 
enforce specific limits for the above pollutants. In addition, programs by a 
POTW pursuant to obtaining a permit under the National Pollutant 
Discharge Elimination Program may require the development and setting 
of specific limits. 

OTW. 

It should be noted that these limitations do not exempt material that 
might be discharged because of an accidental spill. Therefore, it is 
necessary to provide for control of discharges of spilled substances by, for 
example, special trapped floor drains that discharge to a holding tank or 
by an environmentally safe drainage and treatment facility. 

11.6.3 L A N ~ ~ I L L S  

La~dfill or burial is a common ~ e t h o d  for disposal of chemical wastes; 
both public and private ~ ~ d ~ l ~ s  are i m p o ~ ~ t  outlets for such wastes. 



te Materials from the ~nstitution 243 

to a dispersal of wastes in the 
t of the ultimate problem. 
sposal practices should be 
care should be taken to 

This disposal procedure, howeve 
environment and is 
Local ordinances sh 
in compliance with federal r 
ensure that potentia~ly hazar 
manner that avoids personal 
the future. 

emicals are treated 

any toxic chemicals can be rendered innocuous for landfill disposal by 
tion, reduction, or complexation. Special chemical or secure landfills 

ns for chemical waste 
y 19, 1980)l. The date 

e depending on the degree of hazard, but 
the regulations are comprehensive, covering the construction, operation, 
and monito~ng of a landfill. Violators will be subject to severe fines. 

In addition, many states have adopted their own set of disposal 
regulations and local administrators should be consulted for guidance and 
assistance. 

at contract for waste disposal s ould ensure that the 
contractor is performing in a safe, legal, and responsible manner. 

are also available for disposing of 
The EPA has proposed, under 

y injurious chemicals. 

ng placed on chemical waste disposal, the 
cost of acceptable disposal methods is increasing dramat~ca~~y. This 
process will result in increased emphas~s on recovery and recycling of 

at were formerly discarded. ~rganizations should consider 
for this purpose depending on the types of 

r suitability for recovery operations. For example, 
many laboratories have a system for the recovery and reuse of mercury. 

~ E ~ T ~ ~ ~  

~ccas~onally, it is necessary to vent leaking or 
compressed gases (see Section II.E.6). Such gases m 

amaged cylinders of 
be toxic, flammable, 

procedure should be carried out by personnel trained in 
ressed gas cylinders. Safety equipment such as 

respirators (see §e 4) should be available, and adequate ventilation 
to avoid personnel exposure or explosion should be provided. Disposal 
facilities equipped with scrubbing or incinerating devices may be required 
depending on such factors as the volume and nature of the material, the 
physical location, and local regulations. Venting shoul be done at a rate 







luation of Published 
idemiological Stu 

Chemists and 
Recommendations 
Concerning Future Studies 

Several epidemiological studies of relative mortality experience among 
chemists have been reported (1-6). Until recently, study results (1-5) 
consistently showed a higher than expected risk of death from cancer. This 
evidence provided some concern over long-term effects imputed to the 
environment to which this particular occupational group is exposed. 

The most recent evidence (6) is at variance with the previously reported 
findings. However, inconsistency in the results of the various epidemiologi- 
cal studies is not unexpected due to differences in design. 

In evaluating the evidence and conclusions of these epidemiological 
studies, the following characteristics are reviewed: 

1. the study methodology used; 
2. the specificity of the exposures, ie., evidence on the work environ- 

3. the composition of the study populations; and 
4. the consistency of the results when the several studies, and other 

ments of those in the various study groups; 

evidence, are examined. 

This review attempts a critical appraisal of the published evidence. The 
appraisal, in turn, suggests selecting one among several possible conclu- 
sions: Is evidence present or not present and, if present, how strong is the 
evidence suggesting increased risk? Finally, brief consideration is given to 
alternative study designs that might elucidate further any increased risk of 
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cancer for those in the work environment of the laboratory. The latter are 
proposed, in part, based on this appraisal of the published studies. 

1 CRITIQUE 

METHQDOLOGY 

A study by Li et aE. ( I )  h suggesting an increased 
risk of death from cancer among c data base for this study 
was derived from hemical Society (ACS) 

ws between April 1948 
cific mortality for those 
gs) were compared with 

those of a sample of professional men in the same age groups whose deaths 
occurred in 1950. For those deaths to males at ages 65 and over, the 
comparison group of U.S. white male mortality was used. Comparison 
data for females were derived from published mortality ~ n f o ~ a t ~ o n  on the 
U.S. white female population in 1959. Cause of death and other vital data 
about the ACS group were obtained from death certificates. For 4511 
death notification certificates were obtained, a 

while concluding that “the s 
portion of deaths attributed to cancer, particu- 
lymphoid tissue, a finding which suggests the 

countered by chemists in their work,” also 

Thus, cautions in interpreting the Li et al. study include the ~ol~owing: 

1. A higher proportion of cancer deaths among ACS members was 

pointed out that there are methodological problems in their study. 

associated with a finding of lower relative frequency (ex 
with observed) of deaths from other causes. This obs 
concern about interpreting findings derived by the 
method. For example, should ACS members h 
longevity in contrast to a comparison group, an excess of cause-specific 
deaths could be shown, but might be an artifact of the method used. In 
fact, both study and comparison groups could have the same true 
frequency of cause-specific mortality. Other metho 
needed to confirm or refute such an hypothesis. 

2. The comparison data varied in two respects 
First, ACS member deaths were accumulated over an approximately 20- 
year period, whereas the comparison data were ased on a sample of 
deaths among U.S. professional men dying in 195 both groups aged 20- 



A ~ ~ ~ ~ ~ i x  A 249 

4 years. Changes in the incidence of cancer over time, total as well as site- 
and age-specific, could bias the findings as different time periods were 

among white U.S. males aged 65 and over 
among AGS m e ~ b e r s  at the same ages. 
p o ~ ~ ~ a t ~ ~ n  may well be different from that 

TS of a professional society. 
of the study f in~~ngs  is required because of 

e to cancer as compared 

uence ACS membership 
from other causes, an 

e years 1930-1950 from 
utions in Sweden. The 
e of 530 males who 

e 517 graduates who 
ale graduates of the 
dded to the original 
e traced, with an 

A total of 93 deaths were 
c deaths were estimated in 5- 

from 1973, and 
ngs). An excess of 

was ~ o u n ~  in comparison with the expected number 

. Expected numbers of 

lin observed, “all 

ork in chemical 
ine chemists who 
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used in these studies, present interpretative difficulties similar to those 
encountered in the Li et QZ. study. Cautions in interpreting Olin’s results 
include the following: 

1. The death certificate served as the basis for cause-specific mortality 
comparisons. It is not clear from the papers how coding of cause of death 
was performed, Le., standardized according to internationally accepted 
coding criteria. 

2. Expected cause-specific deaths were generated from general mortality 
statistics for 1973. Observed deaths were accumulated over a follow-up 
period extending from a date of graduation falling between the years 1930 
and 1950 and the completion of the follow-up phase of the study, 

ecember 31, 1974. 
3. Comparisons based on general population mortality must be inter- 

preted with caution, particularly when the group of deaths observed in the 
study population derives from an employed group, probably predominant- 
ly residing in urban areas and having income and education levels 
suggestive of higher average socioeconomic status than the general 
population. 

4. Exposure information may have been collected in a somewhat 
nonstandardized form. Classifications of employment described, chemist 
and nonchemist, indicate only general work circumstances. Reported 
findings of excess 1eukemiaAymphoma and urinary tract cancer deaths 
among those classified as organic chemists must be interpreted cautiously. 
No information is given on the division of chemists among the branches of 
that particular science. 

5. The numbers of cases, both observed and expected, were small. The 
higher risk of death from cancer reported was based on proportionate 
mortality analysis. Standardized mortality for the study population, when 
compared with the general population, showed a slightly lower risk of 
cancer deaths for the chemists. 

In an abstract, Searle et QZ. (4) reported an analysis of deaths among 
1332 members of the Royal Institute of Chemistry who died in the years 
1965-1975. An excess of deaths from cancer is shown. These authors 
conclude that “though analysis of deaths is in an early stage, it appears 
that the incidence of lymphomas may be elevated in the RIC members 
also.” 

McGinty (7) has also reported on the study population described in the 
Searle et QZ. abstact. McGinty concludes “For example, the death rate 
from cancer among chemists is, it appears, distinctly lower than would be 
expected.” He went on to report a slight excess of lymphomas and chronic 
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lymphatic leukemia d a two to four times excess mortality above 
expected for deaths from cancer of the small and large intestine. The 
McGinty paper, however, presented no data. 

Milharn (5) has summarized o~upational mortality as reported on 
death certiscates for Caucasian males 20 years of age and older in the state 

rtionate mor t~ i ty  ratios (PIMRs) 
d such that, for each occupation- 

ed in excess of those expected were 
 cupa at ion^ category of “chemists,” 172 deaths were 

s in excess of expected were observed for a number of 
specific causes of death, including cancer (pancreas and lymphatic and 
hematopoeitic tissues as well as leukemia and aleukemia). By statistical 
test, only suicide and cerebral embo~ism and thrombos~s were found 
significantly in excess. 
Hoar (6) studied cancer incidence and absolute mortality among 

chemists employed by a single large company (E.I. du Pont de Nemours & 
Co.). A cohort of 3686 male and 75 white female chemists and persons in 

ional groups (e.g., chemical engineers) was identified from 
el actively employed on or after January 1, 

1944, and for whom work history and 0th mation was available to 
1959. A comparison group of 19,262 and 673 female white 
“nonchemists” was identified from the s 

Cancer cases were identified from a company-mainta~ned registry that 
included notifications of causes of disability and death from accident and 
health insurance, as well as life insurance claims. Cancer incidence 
information was available only for those actively employed over the study 
interval, 1964-1977. 

e group of employees characterized as 
“chemists,” among the nonchemists comparison group, and derived from 
the Third National Cancer Survey were calculated as standardized 
incidence ratios (SIRS). 

Cancer mortality experience for both the chemist and the nonchemist 
groups was derived from company records and the Social Security 
Administration for all in the cohort (regardless of whether or not an 
employee at the close of the study period, December 31, 1977). Death 
certificates were obtained in high proportion for those known to have died 
in the United States. Standardized mortality ratios were calculat- 
ed from the data derived on the two employee gr d for the U.S. 
general population. 

Among the 3686 white male chemists observed, 61 cases of cancer were 
diagnosed between 1964 and 1 An expected 86.5 cases, based on the 
nonchemist experience, gave a of 71 for the chemists. Comparative 



252 

to a deficit in lung cancer cases (8 ob 

population inciden6e data. 

observed fur the none 
of incidence, a lower mo 

The results of this study 
above. These results were 

methodology, but the resulting numbers of cases were g e n e ~ a ~ ~ y  too sma 

possible confoun~ng factors: 

the same company were identified, chemical 
available. For instance, a subset of the chemi 

risk is obscured. 
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, chemist and nonchemist, include individuals 
e single company. Some potential for 

3. At the dose of the period of observation 
quarters of the chemists were 
ring later in life would be de 

fo~~ow-up period. An excess of cancer deaths might then be observed 
ists. Comparative differences in mortality ratios would 

groups, chemists and nonchemists, may differ in 
with differ en ti^ risk of developing cancer. For 
ce suggests that cigarette smoking habits vary 

g employee groups of a 
the findings to all chemists requires strong 
s of circumstances in the workplace of 

oar study provide a perspective from 
s of the other studies; the earlier and 

risk of cancer among those identified 
ot confirmed. In large measure, the difference lies 
. Confi~at ion of these findings by other studies 

longer-term follow-up of cohorts now 
ers for analysis, could provide further 

ut cancer risk to chemists. 

k has been reviewed have pointed out the 
data among the study group, as well as the inherent 

ng such data. Unless, fortuitously, very good exposure 
lated over a sufficient length of time and in a 

(if not impossible) to 
deceased. Methods of 

been commented on above. 
some exposure information 

stitute of Chemistry may provide the basis for 
evelopment of prospective 

er exposure data will be 
ts” in which individuals 

duration of exposures. 
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STUDY POPULATIONS 

The definition of who has been included, and who has not been included, 
in the occupational category of chemist is a problem to some degree in all 
of the studies examined. Li et al. based their observations on deaths among 
members of the ACS, those holding membership during an approximately 
20-year time span and whose s were notified to the Society and 
published in Chemical and ring News. Qlin used a relatively 
complete follow-up of persons who had graduated from the two principal 
institutions for the training of chemists in Sweden. The data base for the 
Searle et al. study consisted of members of the Royal Institute of 
Chemistry of Great Britain. McGinty, in reporting on mortality ratios 
among chemists in Britain, pointed out that the occupational clas- 
sifications used excluded a number of persons involved in chemistry-type 
activities, e.g., teachers, chemical engineers, and technicians. In addition, 
the occupational category used was the most recent occupation. The 
Milham study used death certificates; PMRs were calculated for occupa- 
tional groupings according to the reported “usual occupation during most 
of lifetime” as shown there. 

Membership in a professional society is, in large measure, a choice made 
by an individual who is eligible to join. Society membership may be 
assumed to be inclusive of the entire occupational or professional group 
eligible and at risk. A decision on whether or not to take membership may 
be biased in a number of directions, many of those directions discoverable, 
if at all, only by extensive sampling, inquiry, and further analysis. 

CONSISTENCY OF RESULTS 

The Li et al., Qlin, Searle et al., and Milham reports are consistent, given 
methodological limitations, in the finding of excess cancer mortality 
among persons classified as chemists. All three of these studies used PMR 
analysis in reaching their conclusions. The results reported by Qlin showed 
excess cancers in chemists by PMR but no excess when absolute mortality 
was analyzed. Similarly, McGinty, using British national mortality data 
for 1970-1972, found an SMR for chemists of 89. The study by Hoar 
likewise showed a lower than expected absolute mortality (SMR) and 
incidence (SIR) of chemists when contrasted with the experience of several 
comparison populations. Evidence is, thus, inconsistent on whether or not 
chemists have a higher risk of cancer. The inconsistency results from use 
of different methodologies in the several studies. 

Consistency of findings among the studies of excess risk for type-specific 
cancers is variable. A large number of specific cancer types are reported as 
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in excess of expected. owever the small numbers reported confound the 
analysis, and the bias introduced by the use of proportionate mortality 
analysis further confounds any interpretation of these findings. 

2 CONCLUSIONS 

As discussed above, whether any increased risk of death from cancer exists 
for those variously classified in the occupational category of chemist has 
not been consistently shown in studies reported to date. Although some 
investigations, particularly those using proportionate mortality analysis, 
find evidence of higher risk, other studies, those sing standardized 
mortality approaches, do not confirm these findings. Similarly, interpreta- 
tion of data on type-specific cancer excess is complicated. Findings of 
observed cases higher than expected in a particular study are generally 
characterized by small numbers. Other methodological problems con- 
founding the interpretation of these findings have been discussed above. 

3 FUTURE STUDIES 

A critical review of the published studies of cancer mortality among 
chemists indicates that future studies should include the followin 
characteristics: 

1. Identification of a group of chemists should be inclusive and 
representative of the universe of chemists. Society membership, for 
example, is inadequate for defining a cohort for study due to the unknown 
variables governing the decision of whether or not an individual joins a 
professional association. 

2. A history of exposure is needed for each member of the group under 
study. It seems unlikely that proxies, such as the branch of chemistry in 
which a particular person is engaged, will provide other than a gross 
approximation to the extent and nature of chemical exposures. Whether a 
valid instrument or methodology for accumulating an exposure history 
can be devised remains a difficult, but fundamental, further problem for 
study design. 

The various surveillance, epidemiology, and end results programs, 
particularly those registries of all cancer cases occurring within large, 
defined geographical areas, provide a potential data base for future cohort 
studies. For example, should a cohort of chemists be identified within an 
area served by such a registry, cancer incidence could be ascertained 
during the follow-up period by using, in part, case ata within the registry. 
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Index 

Abdominal pain, treatment of, 177 
Absolute mortality among chemists, 248 
Absorbent material for spill cleanup, 234 
Absorbent paper for containing spills, 

40,49 
Absorption 

of mercury, 53 
of toxic substances, 33 

mendations for, 13 
Academic laboratories, hoods for, recom- 

Accident reports, 28, 174 
Acetic acid, 112 
Acetone, 122 
Acetone-dry ice, as coolant for cold traps, 

2-Acetylaminofluorene, 37, 48 
Acetyl peroxide, Safety Data Sheet for, 

Acetylene, 62, 85, 89 

Acetylenic compounds, 68 
Acetylides, 62 
Acid-carrying buckets, 223 
Acid goggles, 156 
Acids and bases, disposal of, 231 
Acids, strong, 33, 36, 108 

Acrolein, 62 

Acrylonitrile, 37 

88 

105 

cylinders of, storage of, 222 

eye damage by, 33 

Safety Data Sheet for, 106 

Safety Data Sheet for, 107 

Activated charcoal, 117, 166, 167 
Acute toxicity, definition of, 33 
Acutely toxic substances, handling proce- 

Aerosol generators, 204 
dures for, 39 

suppliers of, 2 11 
use in evaluation of general laboratory 

ventilation, 195 
Aerosols, 39, 55 

Aflatoxin B,, 48 
Air, contaminants in, evaluation of, 1% 

formation in environmental rooms, 209 

liquid, 61 
monitoring quality of, 198 
supply (see genera1 laboratory ventilation) 

Air baths, 191 
Airborne contaminants, evaluation of, 195 
Airflow 

equation for, 1% 
laminar, 194 
supplementary, 201 

Airflow paths in laboratories, 195 
Airflow patterns in hoods, 205 
Airflow rates, measurement of, 1% 
Air-intake ports for ventilation system, 194 
Air masks (see masks) 
Air-sampling devices, 198 
Air-saturation concentration of common 

solvents (Table), 197 
Air-saturation level, 1% 

calculation of, 1% 

2 79 
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Alarm systems, 172 
ALC, definition of, 105 
Alcoholism, maternal, 34 
Aldehydes, peroxide formation in, 63 
Alkali metals, 59 
Alkalies, 33,36 

Allergens, 35 
Alligator clips, 190 
Allyl alcohol, 119 
Alphabetical storage, 2 17 
Aluminum, 117, 119, 122 
Aluminum alkyls, 221 
Aluminum chloride, 68,112 
American Conference of Governmental In- 

dustrial Hygienists (ACGIH), 4, 31 
American National Standards Institute 

(ANSI), 216 
Amines, 108 
4-Aminobiphenyl, 37 
Ammonia, 36, 61, 68, 91 
Amyl nitrite ampules, 47, 135, 232 
Anemometers 

eye damage by, 33 

suppliers of, 210 
use of, 1%, 203 

Anhydrous ammonia, 91 
Aniline, Safety Data Sheet for, 109 
Animal care personnel, 5 
Animal diets, disposal of, 238 
Animal quarters, 55 
Animal tissues, disposal of, 238 
Animals, 55 
Approved safety cans, 227 
Aprons, 161 
Aromatic amines (see aniline, Safety Data 

Aromatic hydrocarbons, 48 
peroxide formation in, 63 

Aromatic nitro compounds (see nitroben- 
zene, Safety Data Sheet for) 

Artificial respiration (see cardiopulmonary 
resuscitation) 

Asbestos, 37 
Asbestos gloves, 158 
Ascarite, 69 
Atropine, 42 
Autoclaves, 80 
Autoignition temperature, 58 
Automatic fire-extinguishing systems, 164 
Autotransformers, use with heating de- 

Sheet for) 

vices, 187 

Azides, 62, 117 (see also sodium azide, 
Safety Data Sheet for) 

Back injuries, treatment of, 177 
Barium, 119 
Barricades, 67 
Bases, 33, 36, 108 

disposal of, 23 1 
Baths 

air, 191 
oil, 190 
steam, 186 

Benzalkonium chloride for treatment of 

Benzene, 31 

Benzidine, 37 
Benzo[u]pyrene, 51 

Benzoyl chloride, 146 
Benzoyl peroxide, 68, 119 
Beryllium, 119 
Bichromates, 35 
Biological hazards, 16 
Biological monitoring, recommendations 

Bis(chloromethyl)ether, 30, 37, 49 

Blankets, fire, 164 
Bleeding, treatment of, 177 
Body, chemicals spilled on, 178 
Boiling points of common laboratory 

chemicals (Table), 60 
Boots, 161 
Boron trichloride, 91 
Boron trifluoride, 92 
Bottle carriers (see acid-carrying buckets) 
Bray’s solution, 128 
Breathing, first aid (see cardiopulmonary 

respiration) 
Breathing apparatus, self-contained, 168 
Bromates, 65 
Bromine, 108, 124, 146 

HF burns, 44 

Safety Data Sheet for, 110 

Safety Data Sheet for, 112 

for, 1 1 

Safety Data Sheet for, 113 

Safety Data Sheet for, 114 
storage of, 239 

Bromine pentafluoride, 112 
Bromine trifluoride, 119 
Burial 

of animal tissues, 238 
of hazardous wastes, 242 

Burial sites, 243 
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Chlorine monoxide, 117 
Chlorine trifluoride, 94 
Chlorites, 65 
Chloroform, 69 

Chloromethane, 93 
Chlorosulfonic acid, 145 
Chromatographic equipment, ventilation 

Chromic acid, 36, 112, 124, 145 
Chromium, 35 
Chromium oxychloride, 146 
Chromium trioxide pyridine complex, 69 
Chronic toxicity, definition of, 33 
Chronically toxic substances, handling 

Circuit breakers, 179 
Classes of fires, 174 
Closed systems, 79 
Clothing for laboratory wear, 159 
Cobalt salts, 149 
Cold rooms 

Safety Data Sheet for, 121 

above, 206 

procedures for, 39,47 

electrical equipment in, 182 
emergencies in, 172 
evacuation procedures for, 173 
ventilation of, 182 

Cold traps, 26, 88 
Collection of chemical wastes, 14, 232 
Combined effects of chemicals, 30, 103 
Combustible gases (see flammable gases) 
Compressed Gas Association (CGA), 77 
Compressed gases, 75 

cylinder of, venting of, 243 
storage of, 221, 229 
transport of, 223 

studies, 254 

14 

Consistency of results of epidemiological 

Consulting advice, recommendations for, 

Contact lenses, 155 

Containers 
use with respirators, 168 

for flammable liquids, 227 
for refrigerator storage, 185 
for waste solvents, 232 
size limitations (Table), 228 

Contaminants, airborne, measurement of, 

Contamination by chemicals, treatment of, 
1% 

178 

Buming of hazardous wastes (see incinera- 

Bums, 116 

Butyl ruhher gloves, 157 

Cabinets for flammable liquid storage, 227 
Caging systems, 56 
Calcium hypochlorite, 119 
Calcium oxide, 36 
Cancer incidence among chemists, 247 
Cancer risk, 11 
Canopy hoods, 206 
Capture velocities of laboratory hoods, 

Carbon dioxide, reaction with lithium alu- 

Carbon dioxide fire extinguishers, 70, 71, 

Carbon disulfide, 58, 68, 146 
Safety Data Sheet for, 116 

Carbon monoxide, 61, 92 
Carbon tetrachloride, 69 

Safety Data Sheet for, 118 
Carcinogenic, definition of, 104 
Carcinogens 

tion of hazardous wastes) 

chemical, first aid for, 178 

204 

minum hydride, 70 

163 

disposal of, 231, 233 
handling procedures for, 37 
IARC list of, 38 
storage of, 228 

Cardiopulmonary resuscitation, 176 
Cartridge respirators, 166 
Carts for transport of chemicals, 223 
Catalysts, 70 
Ceiling limits (see Short Term Exposure 

Centralized storage, 219 
Cesium azide, 117 
Charcoal, activated, 117, 166, 168 
Chemical burns, treatment of, 178 
Chemical Carcinogen Hazards in Animal 

Chemical cartridge respirators, 166 
Chemical wastes, transport of, 244 
Chemically resistant trays, 39, 40 
Chemicals spilled on skin, 178 
Chest pain, treatment of, 177 
Chlorates, 59, 65, 227 
Chlorinated solvents, disposal of, 233 
Chlorine, 68, 93, 117 

Limits) 

Research Fnciiities, 56 

Safety Data Sheet for, 119 
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Control devices for hood apparatus, 180, 

Controlled areas, 48 
Convulsions, treatment of, 178 
Copper, 146 
Copper salts, 149 
Corrosive chemicals, 35 

disposal of, 236 
Cost of energy, as factor in ventilation, 12, 

CPR, 176 
Critique of epidemiological studies, 248 
Crosscurrents in laboratory ventilation 

(see airflow paths) 
Cryogenic hazards, 26 
Cryogenic liquids, handling of, 76 
Cumene, peroxide formation in, 63 
Cumulative effects, 34 
Cutoff area, definition of, 219 
Cyanides (see hydrogen cyanide; sodium 

cyanide) 
Cyanogen, 45 
Cyanogen halides, 45 
Cyclohexene, peroxide formation in, 64 
Cyclooctene, peroxide formation in, 64 
Cylinder valve connections, 77 
Cylinders of compressed gases, 75 

20 1 

193 

handling of, 77 
identification of, 76,  222 
leaks in, 236, 243 
storage of, 229 
transport of, 223 
venting of, 243 

Decahydronaphthalene, peroxide forma- 

Decontamination 
tion in, 64 

after mercury spill, 53 
of fire-damaged laboratory, 23 1 

Dehydrating agents, 36 
Desiccators, 87 
Design of stockrooms, 219 
Dewar flasks, 87 
Diazo compounds, 65 
Diazomethane, 35,65 ,69  
Diborane, 119 
Dibromomalononitrile, 146 
3,3 '-Dichlorobenzidine (and its salts), 37 
Diethyl ether, 58 

peroxide formation in, 64 
Safety Data Sheet for, 122 

Diethylnitrosamine, 54 
Diisopropyl ether, 64, 69 
Diisopropyl fluorophosphate, 41 
Dilution before disposal to sewer system, 

4-Dimethylaminoazobenzene, 37 
7,12-Dimethylbenz[u ]anthracene, 48 
Dimethylcarbamoyl chloride, 48 
Dimethylformamide, 119 

Safety Data Sheet for, 123 
Dimethylmercury , 48 
Dimethylnitrosamine, 54 
Dimethyl sulfate, 146 

Dimethyl sulfoxide, 69 
Dioxane 

23 1 

Safety Data Sheet for, 125 

peroxide formation in, 64 
Safety Data Sheet for, 126 

Disilane, 119, 122 
Disposable clothing, 161 
Disposal procedures, recommendations 

for, 14 
of animal diets, 238 
of animal tissues, 238 
of carcinogens, 230, 233 
of chemicals, from the laboratory, 225 

of explosives, 233 
of heavy-metal compounds, 232 
of highly reactive substances, 230 
of liquid chemical wastes, 232 
of solid chemical wastes, 232 
of strong acids and bases, 23 1 
to the sewer system, 231 

from the institution, 240 

Distillation equipment, ventilation above, 

Distribution of chemicals, 223 
Doors 

206 

for environmental rooms, 209 
for flammable liquid storage areas, 220 

Double-insulated equipment, 180 
Downdraft ventilation, 207 
Drains for storage areas, 242 
Drip pans for 55-gal drums, 220 
Drum storage, 220 
Dry boxes, 66 
Dry chemical fire extinguishers, 162 
Dry ice, 26, 691 
Dry powder fire extinguishers, 163 
Drying agents, 69 
Drying ovens, 183 
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Ethylene dibromide, Safety Data Sheet 
for, 128 

Ethylene oxide, 69 
Ethylenimine, 37 
Evacuated systems, 86 
Evacuation routes, 172 
Evaporators, rotary, 185 
Exhaust systems, local, 206 
Exhaust vents for ventilation system, 194 
Experimental animals, 55 
Experimental carcinogen, definition of, 94 
Explosibility hazards, 57 
Explosions, emergency procedures for, 

Explosives, 61 

Exposure, route of, 31 
Exposure limits (see Threshold Limit 

Extinguishers, automatic, 164 

Eye contact, as route of exposure, 33 
Eye protection, 154 
Eyewash fountains, 169 

175 

disposal of, 233 

Values) 

fire, 162 

Duct velocities, measurement of, 203 
Ducts for laboratory hoods, 201 
Dust, fume, and mist respirators, 167 
Dusts, mixtures with air, 62 

Eating in the laboratory, 23 
Education on laboratory safety, recom- 

mendations for, 15 
Electrical equipment, 179 

drills, laboratory use of, 181 
grounding of, 179 
hot plates, 189 
in hoods, 205 
line cords, 180 
modifications to, 184, 185 
motors, 181 
outlets, 179 

use with flammable liquids, 181 
design for (Figure), 180 

Electrical fires, 174 
Electrical heaters, 186 
Electrical linemen’s gloves, 157 
Electrical shock, treatment of, 178 
Electronic instruments, adjustments to, 

Elephant trunks, 206 
Embryotoxic, definition of, 104 
Embryotoxins, 34 
Emergencies in confined areas, 172,208 
Emergency alarm systems, 172 
Emergency equipment, 162 
Emergency procedures, 171 
Emergency reporting, 28 
Empty cylinders, 79 
Energy costs, as factor in ventilation, 12, 

Environmental hazards, 6 
EPA (see U.S. Environmental Protection 

Epidemiological studies, 16, 247 
Epileptic seizure, treatment of, 178 
Equipment, electronic 

adjustments to, 192 
emergency, 162 
for measuring ventilating systems, 210 
maintenance, 24 

192 

193 

Agency) 

Ethanol, 34,232 
Ether, 122 (see also diethylether) 
Ethers, peroxide formation in, 63 
Ethylene, 119 
Ethylene diamine, 117 

Face shields, 156 
Face velocities of laboratory hoods, 195, 

Facilities, recommendations for, 12 
Fainting, treatment of, 178 
Faucets for 55-gal drums, 220 
Ferrous sulfate, test for cyanide ion, 46 
Fiberglass mantles, 190 
Fire 

203 

classes of, 174 
control of, 174 
doors for flammable liquid storage 

areas, 220 
emergency procedures for, 171 

Fire blankets, 164 
Fire damage, cleanup after, 231 
Fire Department, calling for, 175 
Fire extinguishers, 162 
Fire hoses, 163 
Fire-retardant coatings, 228 
First aid, 176 

diisopropyl fluorophosphate exposure, 

hydrogen cyanide exposure, 47 
hydrogen fluoride exposure, 44 

42 

Flame arresters, 227 
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Flammability hazards, 26, 57 
Flammability limits 

definition of, 58 
of common laboratory chemicals 

(Table), 60 
Flammable gases 

mixtures with air, 57 
storage of, 221 

Flammable liquids 
mixtures with air, 57 
physical properties of (Table), 60 
safety cans for, 227 
storage of, 219, 226 
transport of, 223 

in ovens, 183 
in refrigerators, 184 

Flammable mixtures, formation of 

Flammable-storage refrigerators, 184 
Flammable substances, transfer of, 61 
Flash point 

definition of, 58 
of common laboratory chemicals 

(Table), 60 
Flowers of sulfur, 62 
Fluorine, 117, 119 
Fluorine perchlorate, 112 
Food in the laboratory, 23 
Footwear for laboratory wear, 161 
Formaldehyde, 30, 35 

Formalin, Safety Data Sheet for, 130 
Formamide, 34 
Fountains, eyewash, 169 
Frost-free refrigerators, laboratory use of, 

Fuming sulfuric acid, 145 

Gas masks (see chemical cartridge respi- 
rators) 

Gauntlets, 161 
General laboratory ventilation, 194 

Safety Data Sheet for, 130 

184 

evaluation of, 195 
use of, 198 

Glass equipment for work at high pressure, 

Glass vessels for work at reduced pres- 

Glasses, safety, 155 
Glassware, 25 
Glove boxes, 208 
Glove materials (Table), 159 

82 

sure, 87 

Gloves, 157 
Goggles, 156 
Ground-fault circuit breakers, 180 
Grounding of electrical equipment, 179 
Guards for equipment, 25 

Hair dryers, laboratory use of, 191 
Halamines, 65 
Halogenated phenols, 103 
Halogenated solvents, disposal of, 233 
Handling chemicals in the laboratory, 10 
Handling of glassware, 25 
Handling procedures, 10 

for chronically toxic substances in ex- 

for substances of known high chronic 

for substances of moderate chronic or 

for toxic substances, 37 
types of, 37 

perimental animals, 55 

toxicity, 47 

high acute toxicity, 39 

Hazardous waste, EPA defintion of, 240 
Health practices, 23 
Heat guns, 191 
Heating devices, 186 
Heating elements, 187 
Heating mantles, 189 
Heavy-metal compounds, disposal of, 232 
Hexamethylphosphoramide, 48 
High-voltage equipment, 192 
Highly reactive chemicals, 62 

Hoods, electrical receptacles for, 180 
Hoods (see laboratory hoods) 
Hoses, fire, 163 
Hot plates, 189 
Human carcinogen, definition of, 104 
Hydrazine, 30 

Hydrochloric acid, 119, 145 
Hydrofluoric acid, 36, 43 
Hydrogen, 61, 85, % 

disposal of, 230 

(and its salts), Safety Data Sheet for, 132 

embrittlement due to, 86 
liquid, 61 

Hydrogen bromide, 98 
Hydrogen chloride, 30, 98 
Hydrogen cyanide, 34,45 

Safety Data Sheet for, 133 
Hydrogen peroxide, 62,70 
Hydrogen sulfide, 34,61, 99 

Safety Data Sheet for, 135 
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Hydrogenation catalysts, 70 
Hygiene, 23 
Hypersensitivity, 35 

Ignition sources, 59 
Ignition temperature 

definition of, 58 
of common laboratory chemicals 

(Table), 60 
Impact-protection goggles, 156 
Incineration 

of animal tissues, 238 
of hazardous wastes, 241 
of waste solvents, 241 

Incinerators, 241 
Incompatible chemicals (Table), 73 
Induction motors, 181 
Industrial hygiene sampling equipment, 

suppliers of, 210 
Ingestion as route of exposure, 32 
Ingestion of chemicals, treatment of, 178 
Inhalation as route of exposure, 3 1 
Injection as route of exposure, 33 
Inorganic arsenic, 37 
Instructional laboratories, 5, 13 
Insulated gloves, 158 
International Agency for Research on Can- 

Intumescent materials, 227 
Iodates, 65 
Iodine, 103, 232 
Irrigation of eyes (see eyewash fountains) 
Irritation, skin, 33, 35, 178 
Isocyanates, 35 
Isolation areas 

cer, list of carcinogens, 38 

emergencies in, 172 
ventilation of, 208 

Isopropylbenzene, peroxide formation in, 

Isopropyl ether (see diisopropyl ether) 
63 

Kevlar gloves, 158 
Kitchen appliances, laboratory use of, 181 

Labels, 27 
ANSI 129.1, 216 
for hazardous substances, U.S. Depart- 

ment of Transportation, 215 

Laboratory aprons, 161 
Laboratory coats, 160 
Laboratory facilities, recommendations 

Laboratory hazards, nature and scope of, 1 
Laboratory hoods, 199 

for, 12 

airflow patterns in, 203 
capture velocities of, 206 
design and construction of, 201 
evaluation of performance, 202 
exhaust ports, 194 
face velocities of, 203 
performance of, 202 
references to studies of, 211 
storage in, 200 
utility controls for, 180 
working space in, 199 

Laboratory housekeeping, 24 
Laboratory safety program, goals of, 5 
Laboratory ventilation, general (see gen- 

eral laboratory ventilation) 
Laminated safety glass shields, 170 
Landfills, 242 
Le,,, defintion of, 105 
L&,, definition of, 105 
Lead, 34 
Lead compounds, 34, 146, 232 
Leaking compressed gas cylinders, han- 

dling of, 236 
Leather, chemical spills on, 161 
Leather gloves, 157 
Legal liability, 6 
Lenses 

contact, 155, 168 
for safety glasses, 155 

Liability for laboratory hazards, 6 
Limits of flammability, 58 

Of common laboratory chemicals (Ta- 
ble), 60 

Line cords, 180 
Liquefied gases, 61 

handling of, 85 
Liquid air, 26, 61 
Liquid chemical wastes, disposal of, 232 
Liquid hydrogen, 62 
Liquid nitrogen, 26, 61 

Liquid oxygen, 119 
Literature on laboratory safety, recom- 

Lithium, 119, 122 

as coolant for cold traps, 70, 88 

mendations for, 14 
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Lithium aluminum hydride, 70 

Lithium azide, 117 
Local ventilation, references to studies of, 

Los Angeles Fire Department standard for 

Loss of utility service, 175 
Lower flammable limit, 58 
Low-temperature equipment, 86 

Magnesium, 119, 122 
Magnesium powder, 62 
Magnetic stirrers, 185 
Maintenance 

of equipment, 24 
of ventilation systems, 209 

fires involving, 163 

211 

cabinets, 227 

Maintenance personnel, 5 
Maleic anhydride, 145 
Management, responsibility for safety pro- 

gram, 6 
Manganese salts, 149 
Manometers 

for evaluation of hood performance, 206 
suppliers of, 210 

nuisance dust, 167 
particulate removing, 167 
surgical, 167 
toxic dust, 167 

Masks 

Material Safety Data Sheets (OSHA form 

Maternal alcoholism, 34 
Medical care and treatment (see first aid) 
Medical facilities, 173 
Medical program, recommendations for, 

11 
Medical surveillance, recommendations 

for, 11 
Mercaptans, storage of, 229 
Mercury, 3 1, 34 

and its compounds, 52 
spills of, 53 
storage of, 229 

20), 215 

Mercury-containing thermometers, 184 
Metal fires, 174 
Metal hydrides, 22 I 
Methanol, 122 

Methodology of epidemiological studies, 
Safety Data Sheet for, 137 

248 

Methyl chloride, 93 
Methyl chloromethyl ether, 37, 50 
3-Methylcholanthrene, 48 
4,4 '-Methylene-bis(2-ch1oroaniline), 37 
Met-L-X fire extinguishers, 163 
Mixing devices, 185 
Mixtures, effects of (see combined effects 

of chemicals) 
Mixtures, flammable 

in hoods, 202 
in ovens, 183 
in refrigerators, 184 

Mixtures of air with gases, liquids, and 

Modes of action of toxic substances, 34 
Monitoring 

biological, recommendations for, 16 
of airborne contaminants, 198 
of chemical substances, recommenda- 

of hood performance, 206 
Morpholine, Safety Data Sheet for, 138 
Mortality among chemists, 247 
Motor-driven equipment, 18 1 
Motors for stirring or mixing devices, 185 
Mouth-to-mouth resuscitation (see cardio- 

pulmonary resuscitation) 
Mutagenic, definition of, 104 
Mutagens, disposal of, 233 

dusts, 62 

tions for, 12 

a-Naphthylamine, 37, 103 
P-Naphthylamine, 37, 103 
National Fire Protective Association 

(NFPA), 220,226 
Neck injuries, treatment of, 177 
Negative-pressure glove boxes, 208 
Neoprene gloves, 157 
Nerve gases, disposal of, 233 
Neutralization of materials before dis- 

New substances, possible hazards of, 1 
Nickel carbonyl, 48, 99 
Nitrates, 62, 124 
Nitric acid, 59, 145, 146 
Nitric oxide, 100, 117 
Nitrile rubber gloves, 157 
Nitrobenzene, Safety Data Sheet for, 139 
4-Nitrobipheny1, 37 
Nitro compounds, 65 
Nitrogen, liquid, 61 

posal, 231 
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Nitrogen dioxide, 34, 100 
Nitrogen tetroxide, 117, 122 
Nitrogen triiodide, 103 
“Nitrometer” masks, 156 
2-Nitronaphthalene, 48 
N-Nitrosamides, 48 
N-Nitrosamines, 48 
Nitroso compounds, 65 
N-Nitrosodiethylamine, 54 
N-Nitrosodimethylamine, 37, 54 
Nitryl perchlorate, 112 
Nomex gloves, 158 
Nonsparking induction motors, 18 1 
Non-vendor-owned pressure vessels, 79 
Nuisance-dust masks, 173 

Occupational Safety and Health Adminis- 
tration (OSHA), 4 

carcinogen list, 37 
form 20, 215 
procedures, 37 
regulations, 32, 37, 105, 108, 112, 117, 

151, 165, 220, 221, 226 
Odor 

as indicator of presence of substance, 

association with toxicity, 193 
103 

Oil and grease, contact with oxygen, 70, 

Oil baths, 190 
Oncogenic, definition of, 104 
Operations left overnight, 27 
Oral toxicity (see ingestion, as route of ex- 

Ordering of chemicals, 215 
Organic halides, 70 
Organic nitrates, 62 
Organic peroxides, 63 
Organic vapor cartridges, 166 
Organomercurials, 34 
Oscilloscopes, adjustments to, 192 
OSHA (see Occupational Safety and 

Outlets, electrical, 179 
design for (Figure), 180 
in hoods, 180, 201 

Ovens, 183 
Oxidizing agents, 36 
Oxygen, 85,  101, 112 

liquid, 61, 119 
storage of, 222 

101 

posure; LD,,, definition of) 

Health Administration) 

Oxygen tanks, 70 
Ozone, 70, 112 
Ozonides, 65 

Palladium on carbon, 70 
Paper, absorbent plastic-backed, 40, 49 
Parr bombs, 70 
Particulate-removing masks, 167 
PEL, definition of, 32, 105 
Peracetic acid, Safety Data Sheet for, 141 
Perchlorates, 65, 112, 227 
Perchloric acid, 36, 122 
Perchromates, 145 
Performance criteria for hoods (see labora- 

Permanganates, 59, 71, 112, 117, 227 
Permissible Exposure Limits, 4 
Peroxide formation, 63 

in diethylether, 123 
in dioxane, 128 

Peroxides, 59, 227 
in ethers, 63, 128 
inorganic, 71 
organic, 62 

tory hoods, evaluation of) 

Personal air-sampling devices (see port- 

Personnel, 5 

Persulfates, 59 
Phenol, Safety Data Sheet for, 142 
Phenols, 33, 35 
N-Phenyl- 1,4-benzenediamine, 37 
Phosgene, 101. 119, 122, 151 

Safety Data Sheet for, 143 
Phosphine, 71 
Phosphorus, 59,71 
Phosphorus pentoxide, 36, 122, 124 
Phosphorus trichloride, 7 1 
Picric acid, disposal of, 232 
Pipetting, 23 
Pitot tubes 

able air-sampling devices), 206 

storeroom, training for, 216 

suppliers of, 210 
use of, 1% 

Plastic aprons, 161 
Plastic equipment 

use for vacuum work, 83 
use for work at high pressure, 83 

Plastic shoe covers, 161 
Platinum on carbon, 70 
Plumbing (see disposal to the sewer 

system) 
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Plutonium, 119 
Polycarbonate shields, 170 
Polycyclic hydrocarbons, 48 
Polyethylene trays, 40 
Polyhalogenated dibenzofurans, 103 
Polyhalogenated dibenzo-p-dioxins, 103 
Polymethyl methacrylate, 1 
Polyvinyl alcohol gloves, 157 
Polyvinyl chloride gloves, 157 
Polyvinyl chloride shields, 170 
Portable air-sampling devices, 12, 206 
Portable shields, 169 
Positive-pressure glove boxes, 208 
Potassium, 71, 117, 119 

Potassium azide, 117 
Potassium cyanide (see also sodium cya- 

Potassium hydroxide, 36, 122, 146 
Potassium peroxide, 112 
Potassium tert-butoxide, 119, 122 
Power failure to hoods, 200 
Precautions against failure of water sup- 

Pressure apparatus, 79 
Pressure bottles, 80, 82 
Pressure/demand respirators, 168 
Pressure gages, 82 

suppliers of, 210 
Pressure regulators, 78 
Pressure-relief devices, 8 1 
Pressure vessels, 79 
Procedure A 

description of, 47 
examples of use of, 5 1  
use in handling benzo[a]pyrene, 51, 112 
use in handling dimethyl sulfate, 126 
use in handling ethylene dibromide, 130 
use in handling hydrazine, 133 
when to use, 38 

description of, 39 
examples of use of, 41 
use in handling chloroform, 122 
when to use, 38 

Procurement of chemicals, 215 
Propane sultone, 48 
P-Propiolactone, 37,49, 145 
Proportionate mortality analysis, 251 
Protective apparel, 158 
Protective equipment, respiratory, 164 
Protopam chloride, 42 

storage of, 22 1 

nide), 45 

ply, 28, 175 

Procedure B 

Pumps, vacuum, 182 
Pyridine, Safety Data Sheet for, 144 
Pyridine-2-aldoxime 

for treatment of diisopropyl 
fluorophosphate poisoning, 42 

Pyrophoric metals, 59 

Radioisotopes, 162 
Raney nickel, 70 
Rate of absorption of toxic substances, 31 
RCRA (see Resource Conservation and 

Reactive metals (see sodium; potassium) 
Receiving room personnel, 216 
Recirculation of air from exhaust systems, 

Recommendations, 1 I 
Records, medical, 12 
Recycling of chemical wastes, 243 
References to supplementary information 

Recovery Act) 

194 

general, 29 
hazards of known chemicals, 152 
epidemiological studies, 256 
studies of laboratory hoods, 21 1 

Refrigerators, 184 
Regulation of use of chemicals, 4 
Relative mortality among chemists, 247 
Relief devices (see pressure-relief devices) 
Reports, 28, 174 
Residues from vacuum distillations, 7 1 
Resource Conservation and Recovery Act 

Respirators, 164 
of 1976 (RCRA), 4,240 

chemical cartridge, 166 
inspection of, 169 
pressure/demand, 168 
procedures for use, 168 
selection guide for (Table), 166 
supplied-air, 167 
training for use, 168 

Respiratory protective equipment, 164 
Responsibility for laboratory safety, 6, 21 
Resuscitation 

cardiac, 176 
cardiopulmonary, 176 
pulmonary, 176 

Risk of death from cancer, 11, 247 
Rotary evaporators, 185 
Routes 

evacuation, 172 
of exposure, 31 



Index 289 

Rubber aprons, 161 
Rubber boots, 161 
Rubber gloves, 157 
Rubidium azide, 117 

Safety, liability for, 6 
Safety, responsibility for, 6 
Safety belts, 170 
Safety cans for flammable liquids, 227 
Safety coordinators, 7 
Safety Data Sheets, 104 
Safety equipment, 162 
Safety glass shields, 169 
Safety glasses, 155 
Safety inspections, 7 
Safety officers, 7 
Safety plans, recommendations for, 11 
Safety programs, 6 
Safety rules, 22 
Safety shields, 25, 169 
Safety showers, 169 
Safety spectacles, 155 
Sampling, air, 12, 206 
Scintillation cocktail, 128 
Sealed-tube reactions, 83 

Seizure, epileptic, treatment of, 178 
Self-closing doors for storage rooms, 220 
Self-contained breathing apparatus, 168 
Semidine, 37 
Series-wound motors, 18 I 
Sewers, 242 

Shakers, 185 
Shields, 25 

face, 156 
safety, 169 

apparatus for (Figure), 84 

disposal to, 23 1 

Shock, electrical, treatm 
Shock, treatment of, 177 
Shock-sensitive materials, 62 
Shoe covers, 161 
Shoes for laboratory wear, 157 
Showers, safety, 169 
Shutdown procedures, 173 
Side shields, 156 
Signs, 22, 27 
Silver nitrate, 232 
Silver perchlorate, 112, 119, 145 
Skin 

chemicals spilled on, 178 
Denetration bv toxic substances. 33 

protection (see protective apparel) 
sensitization, 35 

Skin contact as route of exposure, 33 
Smoke patterns, use in evaluation of gen- 

Smoke tubes, 195, 203 
suppliers of, 21 1 

Smoking in the laboratory, 24 
Snorkels, 206 
Sodium, 59, 71, 119, 122 

storage of, 221 
Sodium azide, Safety Data Sheet for, 145 
Sodium cyanide, 45 

Sodium hydride, 122 
Sodium hydroxide, 36, 122 
Sodium methylate, 122 
Sodium peroxide, 112 
Solid chemical wastes, disposal of, 232 
Solvent burners, 241 
Solvent fires, 174 
Solvent removal, 185 
Solvents, disposal of, 232 
Special ventilation areas, 208 
Spectacles, safety, 155 
Spectrometers 

adjustments to, 192 
ventilation above, 207 

eral laboratory ventilation, 195 

Safety Data Sheet for, 147 

Spill kits, 234 
Spills, 233 

emergency procedures for, 175 
mercury, 53 

Splash goggles, 156 
Spontaneous combustion, 59 
Sprinklers (see automatic fire-extinguish- 

ing systems; safety showers) 
Stairways, storage on, 24 
Standardized mortality ratio, 251 
Start-up procedures, 173 
Static electricity, 60 
STEL, definition of, 32 
Stimng devices, 185 
Stockroom 

design, 219 
personnel, 5, 216 

of chemical wastes, 14, 232 
of chemicals, 218,225 
of compressed gases, 219, 229 
of ethers, 69, 123 

Storage 
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of 55-gal drums, 220 
of flammable gases, 222 
of flammable liquids, 219, 226 
of toxic substances, 221, 228 

Storage cabinets, 227 
Storeroom personnel, training of, 216 
Stretchers, 170 
Strong acids and bases, disposal of, 231 
Student laboratories, 5 

Study populations for epidemiological 

Sulfur dioxide, 101 
Sulfur flowers, 62 
Sulfuric acid, 36, 71, 112, 117, 145 
Supplementary-air hoods, 201 
Supplied-air respirators, 167 
Suppliers of equipment for measuring ven- 

tilating systems, 210 
Support personnel, 5 
Surgical masks, 167 
Surveillance, medical, recommendations 

Systems under pressure, 27, 75 

hoods for, 13 

studies, 254 

for, 1 1  

Teaching laboratories, 5 

Technical assistants, 5 
Temperature, autoignition 

hoods for, recommendations for, 13 

definition of, 58 
of common laboratory chemicals (Ta- 

ble), 60 
Teratogenic, definition of, 104 
Teratologic effects, 34 
tert-butyl hydroperoxide, Safety Data 

Sheet for, 148 
Testing of ventilation systems (see general 

laboratory ventilation, evalu 
Tetraethylaluminum, 119, 124 
Tetrahydrofuran, peroxide formation in, 

64 
Tetrahydronaphthalene, peroxide forma- 

tion in, 64 
Tetrasilane, 119, 122 
Thalidomide, 34 
Thermometers for use in drying ovens, 184 
Threshold Limit Values (TLVs), 4 

amount of vaporized solvent to equal 
(Table), 198 

definition of, 31 

use for evaluation of airborne contami- 
nants, 1% 

Time-weighted average, 3 1 
TLV-TWA, definition of, 31 
Toxic-dust masks, 167 
Toxic substances 

EPA list of, 38 
handling procedures for, 37 
monitoring of, recommendations for, 12 
storage of, 221, 228 

Toxic Substances Act of 1976, 38 
Toxicity, acute, definition of, 33 
Toxicity, chronic, definition of, 33 
Training 

for use of respiratory protective equip- 
ment, 168 

in first aid, 176 
of storeroom personnel, 216 

Transfer of flammable substances, 61 
Transport 

of chemical wastes, 244 
of chemicals, 223 
of compressed gas cylinders, 223 

cold, 26,88 
in drains for storage rooms, 242 

Safety Data Sheet for, 149 

Traps 

Trichloroethylene, 72 

Trichloromethane, 121 
Trisilane, 119 
Tumorigenic, definition of, 104 
Types of handling procedures, 37 
Tyvek garments, 161 

Unattended operations, 27 
Unconsciousness, treatment of, 178 
Unlabeled containers, 27, 216 
Upper flammable limit, 58 
Uranium, 119 
U.S. Department of Transportation 

definition of compressed gas, 75 
labels for hazardous substances, 215 
regulations, 5, 215 

U.S. Environmental Protection Agency 
(EPA) 

definition of hazardous waste, 240 
list of toxic substances, 38 
regulations, 4, 240, 241, 243, 245 

U.S. Mine Safety and Health Administra- 

Utility service, loss of, 28, 175 
tion (MSHA), 91 
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Vacuum cleaners, laboratory use of, 181 
Vacuum desiccators, 87 
Vacuum pumps, 182 
Vacuum work, 86 
Variable autotransformers, use with heat- 

Velometers 
ing devices, 187 

suppliers of, 210 
use of, 1% 

Vendor-supplied compressed gases, 89 
Ventilation (see general laboratory ven- 

tilation) 
energy cost of, 12, 193 

Ventilation monitoring equipment, sup- 

Ventilation systems, maintenance of, 209 
Venting 

pliers of, 210 

after vacuum distillations, 71, 88 
of compressed gas cylinders, 243 

Safety Data Sheet for, 1.50 
Vinyl chloride, 34, 37 

Vinyl compounds, peroxide formation in, 

Vinylidene compounds, peroxide forma- 

Vision, protection of (see eye protection) 
Voluntary safety programs, 6 

64 

tion in, 64 
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Warning signs and labels, 22, 27 
Waste disposal, frequency of, 14, 232 
Waste-facility standards, 241 
Waste materials, disposal of, 240 
Waste solvents, disposal of, 232 
Waste substances, disposal of, recommen- 

Wastes, storage of, 14, 232 
Water aspirators, 86 
Water fogs, 164 
Water for extinguishing fires, 163, 164 
Water-pressure variations, 28 
Water-sensitive chemicals, storage of, 221 
Water supply, loss of, 175 
Wiring, electrical, 179 

diagram of, 181 
to equipment, 180 
with variable autotransformer, 187 

dations for, 14 

Working alone, 28 
Working with substances of known high 

chronic toxicity, 47 
Working with substances of moderate 

chronic or high acute toxicity, 39 

Zinc, 117 
Zinc dust, 62 
Zirconium, 119 

Warm rooms, 209 
emergencies in, 172 
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