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V PREFACE

mentary and middle school levels, has swung like a pendulum since

the 1950s. During the late 1950s and early 1960s, in the age of the
Sputnik race, science education in the United States had a rebirth. Sci-
ence education placed a focus on learning about science through the doing
of science in an open classroom environment. A number of activity-based
programs were developed with support from the National Science Founda-
tion (NSF) and other private groups and companies. The “alphabet soup”
programs—such as IPS (Introductory Physical Science), BSCS (Biological
Sciences Curriculum Study), ESCP (Earth Science Curriculum Project) and
more—fostered the introduction and expansion of laboratory period time
in the school schedule. In the late 1980s through the early 1990s, these
programs fell out of favor for a variety of curricular, administrative, and
financial reasons. A return to the pre-1950s “textbook reading about science
approach” again came into play. With this change came a reduction of the
hands-on time allocated to science courses and, in some cases, the complete
elimination of lab work.

Fast forward to the 1990s, when we saw the creation of the National
Science Education Standards on the heels of A Nation at Risk, followed by
No Child Left Behind legislation, and the development of curriculum pro-
grams such as AAAS Project 2061; NSTA’s Scope, Sequence, and Coordi-
nation; state science frameworks; and more entered the science education
stage. Thus began the rebirth of the “doing of science” approach in science
education. As a result, scheduled laboratory time was once again either initi-
ated or expanded in many high school science courses.

In 2012, the Next Generation Science Standards (NGSS) are being
released with the goal of inspiring new generations of science and engi-
neering professionals and scientifically literate citizens. Along with this goal
comes a whole new challenge for safety in the science classroom, with an
expanded emphasis on laboratory work. One potentially powerful engine
embracing the NGSS is the science, technology, engineering, and mathe-
matics (STEM) education approach, which is being adapted from compre-
hensive high school science curricula for STEM magnet high schools. This
will present new safety challenges for science teachers when it comes to
incorporating lab tools for technology education.

A second factor in the changes in science education during the early
1990s was the Occupational Safety and Health Administration (OSHA)
unveiling and putting into effect a new federal law covering laboratory
safety, known as 29 CFR 1910.1450, Occupational Exposure to Hazardous

The role of activity-based science at the high school level, like the ele-
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Chemicals in Laboratories, or the Laboratory Standard. This law notifies
general industry employers, including school boards of education, that they
must provide a safe workplace in laboratories to deal with hazardous chemi-
cals and the use of prudent practices.

In 2012, OSHA adopted the Globally Harmonized System of Classifica-
tion and Labeling of Chemicals (GHS). The main purpose of GHS is to
provide consistent information (health, physical, and environmental haz
ards) and definitions for hazardous chemicals based on the internationally
accepted GHS. Adoption of this program has safety compliance implica-
tions for high school science teachers in the area of the OSHA Hazard Com-
munication Standard and the Laboratory Standard.

A third factor that has influenced the direction of science education
and safety is the focus on a more diverse student population, including
groups such as special needs students. A series of legislative actions, such as
the Americans With Disabilities Act (ADA), required that all students have
the opportunities to participate in general education, including science
education. Laboratory design and construction—in addition to curriculum,
instruction, and safety strategies—must attempt to address these needs.

The fourth factor is the revolution taking place in the cadre of science
educators. As in the late 1960s and 1970s, many science educators are reach-
ing retirement age and leaving the profession. As these educators retire, sci-
ence education loses many years of professional experience and knowledge.
Neophytes are taking these teachers’ places, with limited experience in labo-
ratory work and little to no safety preparation.

The fifth factor is the economic downturn worldwide during the last
decade. Economic struggles have affected supply-intensive disciplines such
as science at both the elementary and secondary levels. “Provide more by
using less” has been the operative strategy. This strategy certainly has put
limits on the science curriculum, instruction, and safety.

The last important factor is liability. We are still living in a litigious soci-
ety in which teachers are held to very high standards. Teachers and admin-
istrators need to become aware of and concerned about liability for their
actions. This is especially of interest to science teachers at the high school
level, given the potential safety issues they face by working with students in
formal laboratories and the field.

All of these factors have science teachers asking how they can improve
safety in their laboratories and still carry out meaningful activities. To
address some of these challenges relative to safety, the National Science
Teachers Association (NSTA) introduced the safety column “Safer Science”
in The Science Teacher, a journal for high school science teachers. The pur-
pose of the column—which was modeled after the safety column in Science
Scope, NSTA’s middle school journal-was simple: provide safety informa-
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tion for science teachers that will help them address safety issues when deal-
ing with hands-on instruction in the laboratory and the field.

This book is a compendium of articles from the inception of the col-
umn in 2007 to the present. The articles are based on inquiries from sci-
ence teachers nationwide. The topics focus on everyday safety issues that
high school science teachers and supervisors deal with when doing science.
Each column is written to help science teachers become aware of legal stan-
dards and prudent practices that make for safer laboratory experiences and
protect both students and teachers. Unfortunately, as at the middle school
level, some architects, building contractors, school administrators, and
board of education members have taken advantage of high school science
teachers on issues such as facility design, occupancy loads, and protective
equipment. This has happened because science teachers lack the expertise—
in both knowledge and experience—in legal building and safety standards
and prudent practices in the laboratory. Unsafe laboratory activities and
facilities can get science teachers into legal challenges with professional and
civil consequences.

This book is divided into three areas. The first section is a short intro-
duction to the topics of hands-on science for all students, as well as the
protection afforded to the science teacher through the OSHA Laboratory
Standard. The second section addresses safety practices and legal standards,
with a focus on current issues facing science teachers relative to engineering
controls, administrative controls, and personal protective equipment. The
final section provides appendixes, including relevant NSTA position papers
and internet resources.

Safer science is critical for the teacher as an instructor and employee and
for the student as a learner and citizen. Learning to teach and practice safer
science is a lifelong endeavor, and I hope you will join me in this process.

Ken Roy

THE NSTA READY-REFERENCE GUIDE TO SAFER SCIENCE, VOL. 3
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ABOUT THIS BOOK

eginning in September 2007, The Science Teacher started publishing
B the column “Safer Science” in each issue. In the column, author Ken

Roy, NSTA Science Safety Consultant and past chairperson for the
NSTA Safety Advisory Board, shares the knowledge, skills, and attitudes
that help guide planning for safer science instruction. This book includes
information, anecdotes, advisories, warnings, and good leads to the newest
resources for high school teachers in their quest for safer science instruction.

This book is a compilation of updated safety columns and covers a wide
range of safety issues in quick-reference form. You can use the index or the
table of contents to locate a quick answer to your questions about practicing
safer science.

Science teachers are charged with meeting “duty of care.” They must
therefore make decisions based on the maturity and knowledge base of their
students. This responsibility is in concert with students’ exposure to the
potential hazards associated with hands-on activities in laboratories and the
field. The charge is clear: to secure and foster safer learning and working
environments for both students and teachers.

Given the advances in the natural sciences and the resulting
sophistication of the laboratory experience, high school science teachers
must be prepared to deal with what might happen when we least expect it.
For a safer laboratory learning environment, high school teachers must not
only keep up-to-date with the latest information about products, hazards,
and best practices but also consider the developmental levels and health
statuses of their students.

To better meet their responsibility of duty of care for their students, it
is critical that high school science teachers stay in tune with current legal
standards and professional best practices. A good place to start is by reading

this book!

National Science Teachers Association
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INTRODUCTION TO SAFETY IN SCIENCE

1. Making Adjustments for Mobility-
Impaired Students

In 1985, the year Halley’s Comet last
passed near Earth, the American Asso-
ciation for the Advancement of Science
(AAAS) initiated Project 2061. Science
for All Americans, the project’s corner-
stone publication, was recognized as
the first step in establishing national
standards in science for all students,
including those with disabilities. With
the help of this project and legislation
such as the Americans With Disabilities
Act (ADA), individuals with disabilities
are assured equal opportunity and full
participation in school and out. As a
result, accommodations must be made
to help disabled students fully partici-
pate in science classrooms and labora-
tories, including making the laboratory
accessible to students with mobility
impairments.

Given the variety of needs relative to
science, lab facilities, and each student’s
physical abilities, no spectral standards
exist for establishing science laborato-
ries. However, several sources do exist
for specific guidelines that should serve
as the basis for design considerations
in constructing or renovating science
laboratories, which can help provide
both access and safer science for stu-
dents with disabilities. These include
the ADA, created to eliminate discrimi-
nation against persons with disabilities;
the Uniform Federal Accessibility Stan-
dards (UFAS) for facility accessibility
for physically handicapped persons in
schools receiving federal financial assis-
tance; and state and local regulations.

(Note: See Internet Resources for a list
of helpful resources.)

Students’ mobility impairments
need to be addressed for access to and
safety in science laboratories. Typical
accommodations for mobility-impaired
students include workstations, sinks,
fume hoods, and safety eyewashes and
showers, in addition to other adapta-
tions. The following are some of the
higher-profile accommodations based
primarily on ADA and UFAS expecta-
tions for mobility-impaired students and
faculty members. It should be noted that
the ADA and UFAS are not always in
agreement, as UFAS tends to be more
restrictive in some cases. Be sure to
check local and state regulations as well.

Laboratory Workstations

The traditional science laboratory work-
station is equipped with electrical recep-
tacles, gas jets, water faucets, sinks, and
apparatus rod sockets. Controls for these
fixtures should be easy to operate using
a maximum of 2.3 kg (5 lbs.) of force
and should also require only a loose
grip to operate, as opposed to pinching
the fingers or twisting the wrist. Single-
action lever controls should be used in
place of knob-type controls.

At least one workstation should
be designed to accommodate students
with mobility impairments. Dimen-
sions for access to this workstation
should include a maximum height of
86 cm (34 in.) from the floor to the work
surface. Accommodating dimensions

THE NSTA READY-REFERENCE GUIDE TO SAFER SCIENCE, VOL. 3



INTRODUCTION TO SAFETY IN SCIENCE

for knee space should be 69 (height) x
76 (width) x 48 cm (depth) (27 x 30 x
19 in.). Clear floor space with dimen-
sions of 76 (width) x 122 cm (length)
(30 x 48 in.) is required for a wheelchair
front approach, with adequate space
provided to maneuver to and from the
workstation. In addition, the worksta-
tion should be in a place with no physi-
cal barriers and allow for visual access
to instruction and demonstrations. Mir-
rors or electronic camera devices can
also help provide visual access.

Laboratory Sinks

ADA Accessibility Guidelines (ADAAG)
for Buildings and Facilities specify that
sink depth in the laboratory should be
no more than 16.5 cm (6.5 in.) so that
a wheelchair can fit under the sink. The
minimum knee space required is 69 x
76 x 48 cm. The counter or rim of the
sink must be mounted at a maximum
height of 86 cm from the finished floor.
Faucets should have easy access, lever-
operated controls, or a similar alterna-
tive, such as push-type, touch-type, or
electronically controlled mechanisms.
Clear floor space with dimensions of
76 x 122 cm is also required for labora-
tory sinks. Exposed hot water and drain
pipes under sinks are to be insulated or
configured to protect against contact. In
addition, to avoid injury, there should
be no abrasive or sharp surfaces under
the sinks.

Fume Hoods

As with workstations and lab sinks,

fume-hood decks should also be low-

National Science Teachers Association

ered to the required maximum height
of 86 cm from the finished floor.
Required knee space is also the same
(69 x 76 x 48 cm), as is the required
floor space (76 x 122 cm). Easily oper-
able hood controls should be placed
at a maximum height of 122 cm; this
height is referenced by the International
Building Code (IBC/ANSI A117.1) for
new construction and is a requirement
for state departments of education and
other jurisdictions using this code.
However, existing installations that
have controls within 137 cm (54 in.) of
the floor may remain at this height.

Safety Eyewashes and
Showers

Modifications to the standard safety-eye-
wash station bowl and the pull-handle
shower are also required. The eyewash
bowl should be lowered so that the
maximum height of the water-discharge
outlets is 91 cm (36 in.) above the fin-
ished floor. For new showers, the pull
handle should be at a maximum height
of 122 cm above the floor to accommo-
date a wheelchair side approach—this is
a requirement for state departments of
education and other jurisdictions using
this code. Existing shower installations
that have the pull handle within 137 cm
of the floor may remain at this height.
Clear floor space of 76 x 122 cm is also
required for the shower. (Note: Flexible-
hose-type showers installed in the labo-
ratory stations are not permitted by the
Occupational Safety and Health Admin-
istration [OSHA] as the sole means of
providing this safety feature.)
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Additional Access Items

The sharp corners of cabinets, book-
cases, and other equipment or furniture
also need to be addressed. Alternative
laboratory storage units, such as a storage
cabinet on rollers, can be helpful in this
regard. Items on storage shelving must
be a maximum of 122 cm above the fin-
ished floor for easy and safe access from
a wheelchair side approach—again, this is
a requirement for state departments of
education and other jurisdictions using
this code. Adequate maneuvering space
and accessible hardware (similar to con-
trols described in the sections Laboratory
Workstations, Laboratory Sinks, and
Fume Hoods) are required to ease the
opening of cabinet doors. Existing instal-
lations that store items within 137 cm of
the floor may remain at this height.

In cases where specific equipment
is required, adaptations are often avail-
able. For example, extended eyepieces
for microscope viewing can be secured
for students’ use in wheelchairs. Another
example is glassware such as beakers
with handles for easier access and use.

Finally, doorway width should be a
minimum of 81 cm (32 in.) for wheel
chair clearance, and aisle width should
be a minimum of 91 cm. For mobility
clearance, a turning radius of 152 cm
(60 in.) is needed.

If teachers have concerns about
accommodations and safety in their

own laboratory, they should contact
the building administrator in writing.
Ultimately, it is up to the administra-
tion to provide alternatives, such as
a portable unit, needed to meet ADA
specifications.

A safer laboratory for all students
involves keeping the designed labora-
tory landscape uncluttered. Laborato-
ries that are messy or poorly designed
foster trip-and-fall hazards and other
safety incidents, which can put both stu-
dents and teachers in harm’s way.
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INTRODUCTION TO SAFETY IN SCIENCE

2. Laboratory Safety:
Welcome Aboard!

Why did The Science Teacher initiate a
safety column? Walk into a typical science
classroom today and you are likely to see
the teacher conducting a demonstration
or students doing hands-on laboratory
work. This key instructional strategy has
been re-embraced since the advent of
the National Science Education Standards,
state science curriculum reforms, and No
Child Left Behind legislation. In the mix
of these initiatives is a major retirement
revolution and effects of the economic
downturn. Teachers with many years of
skill and knowledge in laboratory work
are coming of age to leave the profession.
In addition, a myriad of schools need
renovations or new construction because
of overcrowded conditions and outdated
laboratory facilities. Some of these issues
unfortunately have not been addressed
due to limited funding.

Safety in the science laboratory and
field work is all the more important as a
result of these events and changes. The
mission of this column is to address the
“in the trenches” safety issues and help
teachers successfully maneuver through
these revolutionary and evolutionary
times in science education.

OSHA Laboratory Standard:
The Locomotive Driving
Safety

Where does a science teacher or supervi-
sor start to ensure that laboratory work
is conducted with safety in mind? Fed-
eral government legislation from 1990
is the major force in helping establish a

National Science Teachers Association

safe working environment in academic
laboratories for teachers and students.
This legislation is based on the Occu-
pational Safety and Health Administra-
tion’s (OSHA) Occupational Exposure
to Hazardous Chemicals in Laborato-
ries, otherwise known as the Science
Laboratory Standard for employees
working in laboratories.

All school employees protected
under Federal OSHA or similar state
plans are covered by the 1986 Hazard
Communication Standard or HazCom/
Right to Know law (29 CFR 1910.1200).
However, as of 1990, because of the
dangers and uniqueness inherent in
laboratory work, employers under Fed-
eral OSHA or similar state plans are
required to cover laboratory workers
specifically (including science teachers)
with the OSHA Laboratory Standard
(29 CFR 1910.1450 Subpart Z).

Moving on the Right Track

The OSHA Laboratory Standard is per-
formance based. OSHA provides the
basic outline requirements, then each
employer (e.g., board of education)
writes a plan tailored to its independent
needs. For example, plans may vary
from district to district relative to differ-
ing standard operating procedures, but
all plans must contain standard operat-
ing procedures.

Three important components of
the standard include the development
of a chemical hygiene plan (CHP), the
appointment of a chemical hygiene
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officer (CHO), and employee training.
The written CHP must be developed to
protect employees from hazards associ-
ated with chemicals in the laboratory.
Although generic plans are available,
each plan must be unique to address
the specific needs of individual work-
places. The employer is responsible
for developing and enforcing the plan.
The standard also requires that the
employer appoint a CHO to develop
and implement the CHP. The CHO
position is an appointment under
the OSHA standard as opposed to a
required new hiring.

The CHP ltinerary
OSHA requires the CHP be composed

of the following minimum parts:

¢ Standard operating procedures
(SOPs): What are the standards
for laboratory operation that all
employees are required to fol-
low? For example, what is the
protocol for testing showers and
eyewash stations in laboratories?
SOPs should be rooted in stan-
dards, codes, or other profes-
sional expectations.

¢ Criteria to determine and imple-
ment control measures to reduce
employee exposure: What type
of engineering controls (e.g.,
eyewash stations), use of per-
sonal protective equipment (e.g.,
chemical-splash goggles), and
hygiene practices (hand washing)
are required?

¢ Requirement that fume hoods
and other engineering controls
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are functioning properly and
within specific measures: Is there
a preventive maintenance pro-
gram in place that fosters opti-
mal performance of engineering
controls?

Provisions for employee informa-
tion and training: What types of
(and how much) safety training
and information are provided for
employees!

Circumstances where laboratory
operation requires prior approval
from the employer: What is the
protocol used to undertake a
special laboratory activity or new
procedure?

Provisions for medical consulta-
tion and examinations: What
procedure has been established
to provide for medical assistance
if an employee has a chemical
exposure or incident?

Designation of personnel respon-

sible for implementation of
CHP, including CHO: Who is
the employer-designated CHO?
This person—often a chemistry
teacher, department head, or
laboratory technician—must be
qualified by training or experi-
ence to provide technical guid-
ance in the development and
implementation of the CHP.

Provision for additional
employee protection when work-
ing with particularly hazardous
substances: What procedures

are in place for employees if they

1
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work with substances such as tox-
ins and flammables?

Making the Connection for
Training

The CHP must include employee
information and training relevant to
laboratory work. The training must be
provided at the time of initial employ-
ment and when new chemicals or
hazards are introduced into the work-
place. Information must include CHP
contents, laboratory standards, per-
sonal exposure levels (PEL), threshold
limit values (TLV), exposure signs, and
the location of related reference mate-
rials. Training must minimally include
methods to detect the presence of haz-
ardous chemicals, physical and chemi-
cal health hazards in the laboratory or
work area, procedures such as emer-
gency procedures, work practices, and
protective equipment.

Additional Items to Consider
Remember, OSHA standards represent
only the minimum expectations for
safety. Also, OSHA covers employees,
not students. However, to maintain a
safer working environment for employ-
ees such as science teachers, the school’s
CHP should also include students. The
rationale is that to maintain a safer work-
ing environment for teachers as employ-
ees, students must also be accountable
for following SOPs in the lab.

Those working with the employer in
the development of the CHP need to
consider additional policies and regula-
tions that go beyond the minimal safety
expectations, such as the following:

National Science Teachers Association

e Use of lab facility: The CHP

should address policies on use
of laboratories by noncertified
instructors and nonscience stu-
dents—for example, the assign-
ment of study halls or English
classes to science laboratories.

Occupancy load: Legal standards
such as fire and building codes
restrict occupancy loads in sci-
ence laboratories. Quasi-legal
and professional standards pro-
vide academic occupancy loads
in science labs. This in effect
limits the number of occupants
allowed in a science laboratory.
Be careful to distinguish between
the terms science laboratory and
science classroom. Those designa-
tions have different ramifications
relative to code applications.

Security: Science laboratories
are considered secured areas,
given the inherent dangers from
elements such as gas, electric-
ity, and hazardous chemicals.
Policies need to be written to
foster security relative to entering
laboratories and storerooms. For
example, only chemistry teach-
ers are provided with a key to
the chemical storeroom. Science
laboratories should be locked
when they are not in use.

Special needs: Policies in work-
ing with students or employees
who are physically challenged or
have other special needs should

be addressed in the CHP. A
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variety of options are available to
meet both the safety and educa-
tional needs of all students and
employees in the laboratory.

All Aboard for Safety’s Sake

The OSHA Laboratory Standard is the
foundation for an effective laboratory
safety program. Science teachers and
school administrators need to be advo-
cates for safer science in the laboratory
or field. They must help educate central
office administrators, board of educa-
tion members, and legislators and other
government officials to promote and
facilitate a safer working environment

for employees and students. Science
teachers who make safety a priority for
their students will not only make the lab
safer for themselves but also will instill
a commitment on the part of their stu-
dents as future employees.

Internet Resources

Occupational Safety and Health Administra-
tion (OSHA). Occupational Safety and
Health Administration laboratories, other
resources. wwuw.osha.gov/SLTC/laboratories/
otherresources.html

Occupational Safety and Health Administra-
tion (OSHA). Occupational Safety and
Health Administration laboratory standard.
www.osha.gov/pls/oshaweb/owadisp.show_
document?p_table=standards&p_id=10106
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3. Good-Bye MSDS, Hello SDS!

Science teachers who use the Material
Safety Data Sheet (MSDS)—a form list-
ing the properties of a particular sub-
stance—know that the potential hazards
identified by different suppliers aren’t
always consistent. Unfortunately, this
issue goes well beyond the secondary sci-
ence laboratory—it’s a global problem.
The Occupational Safety and Health
Administration (OSHA) addressed this
issue and other concerns with the adop-
tion of a rule to change the Hazard Com-
munication Standard (HCS), a national
standard that addresses chemical man-
agement and employee safety. OSHA’s
new rule includes the adoption of the
Globally Harmonized System for the
Classification and Labeling of Chemicals
(GHS)—a standardized system created by
the United Nations to provide a world-
wide standard for safety hazards—into the
HCS. The goals of the GHS are to

¢ provide consistent information
(e.g., health, physical, and envi-
ronmental hazards) and defini-
tions for hazardous chemicals,

¢ establish a standard format for
Safety Data Sheets (SDS) and
labels, and

¢ increase understanding by using
standardized pictograms and har-
monized hazard statements.

With the adoption of the GHS, the
revised HCS will include the following
major changes:

¢ Hazard classification: Chemical
manufacturers will be expected
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to use specific criteria to classify
health and physical hazards for
pure chemicals and mixtures.

* Labels: Chemical manufacturers
and importers will be mandated
to provide precautions and labels
that include signal words, picto-
grams, and hazard statements for
each hazard class and category.

e SDS: The SDS will have a 16-
section format with specific cat-
egories and information and will
replace the existing MSDS.

* Information and training:
Although the GHS does not
address training, the proposed
HCS will require that workers be
trained within two years of the
publication of the final rule.

Specific Changes
The existing HCS is performance based.
It provides guidance for hazard determi-
nation but doesn’t specify an approach,
format, or language to convey hazards
and other information on labels or
MSDS. The new GHS has performance-
based aspects, but the key provisions
are uniformity oriented. For example,
Health Hazards categories will be clas-
sified and defined via GHS protocols.
The new standard format for SDS
includes these sections:

1. identification

2. hazard(s) identification

3. composition and information
on ingredients
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10.
11
12.
13.
14.
15.
16.
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first-aid measures
firefighting measures
accidental release measures
handling and storage
exposure control and personal
protection

physical and chemical
properties

stability and reactivity
toxicological information
ecological information
disposal considerations
transport information
regulatory information
other information

OSHA will probably not enforce the
sections that require information out-
side of its jurisdiction (i.e., #12-16).

Labeling is another improvement.
Labels will include

the product name,

a signal word (e.g., danger or
warning),

* a hazard statement (explaining
the nature and degree of risk),

e pictograms and symbols,

* a precautionary statement (how
the product should be handled

to minimize risks),

¢ the name and address of the
company, and

¢ telephone numbers.

In the End
All of these changes will help science
teachers better assess the risk of using
hazardous chemicals in the laboratory.
Science teachers can track regula-
tion changes and the adoption pro-
cess on OSHA’s website (see Internet
Resource).

Internet Resource

Globally Harmonized System for Hazard Com-
munication: www.osha.gov/dsg/hazcom/global.
html
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4. NSTA Portal to Science Safety

Since the publication of the National
Science  Education  Standards (NRC
1996), high school science has become
more hands-on and more process- and
inquiry-based. With this “doing” of
science comes a greater need for safety
training and preparedness for science
educators. The many legal standards
and best practices require that a safety
approach protect both students and
teachers. Where can a science teacher
find resources to help meet this need?
The National Science Teachers
Association’s (NSTA) Science Safety
Advisory Board launched the Safety in
the Science Classroom portal for just
this reason (see Internet Resource). The
portal is a gateway to safety resources
for teachers, supervisors, and adminis-
trators. The first resource listed is the
OSHA Training Requirements and Guide-
lines for K-14 School Personnel. This docu-
ment provides a definitive summary
of all relevant Occupational Safety
and Health Administration (OSHA)
requirements and guidelines and points
out the varied legal requirements at
both national and state levels. These
requirements are mandated for most
school employers (e.g., boards of educa-
tion) in training employees (e.g., teach-
ers, supervisors, and administrators).
The Safety in the Science Classroom
portal also contains an evolving list of
safety resources for elementary, middle,
and high schools. The list includes pro-
fessional societies, federal and state agen-
cies, nonprofit and for-profit companies,
and science supply houses that provide
safety services and products for K-12

National Science Teachers Association

schools. All of the for-profit companies
on the list offer free materials or services.
What kind of resources can teachers
expect to find on this list? Here are some
safety resources that may be of interest:

¢ American Association of Poison
Control Centers: poison preven-
tion resources and tips

¢ American Chemical Society:
chemical storage resources and
numerous publications, includ-
ing Safety in Academic Chemistry
Laboratories and Recommendations

for Goggle Cleaning

¢ Centers for Disease Control and
Prevention: School Chemistry Labo-
ratory Safety Guide

¢ Cole-Parmer: the Chemical
Resistance Database

¢ Council of State Science Super-
visors: Science and Safety, Making
the Connection

* Environmental Protection
Agency: the School Chemi-
cal Cleanout Campaign (SC3)
and the Chemical Manage-
ment Resource Guide for School

Administrators

* Flinn Scientific: Chemical Hygiene
Plan and other resources on over-
crowding in science labs

¢ The Hartford: An Overview of
OSHA'’s Laboratory Standard 29
CFR 1910.1450
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Laboratory Safety Institute: many
safety publications

Local Hazardous Waste Program
in King County Metro (Seattle):
Rehab the Lab, an advisory list of
acceptable chemical uses

Massachusetts Institute of Tech-
nology: Tips for Sustainable Solvent
Practice and the Generic Solvents
Alternative Guide

National Institutes of Health:
the Household Products Mate-
rial Safety Data Sheets (MSDS)
Database

National Oceanic and Atmo-
spheric Administration: a chemical
database with response recommen-
dations for over 6,000 chemicals

National Science Educa-

tion Leadership Association
(NSELA): NSELA professional
safety practice position state-
ments, including Occupancy
Loads in School Science Labora-
tories and Experiments/Activi-
ties With Human Blood and
Other Potentially Infectious
Materials (OPIMS)

NSTA: NSTA position state-
ments—including Liability of
Science Educators for Laboratory
Safety—and many books on safety

Science and Safety Consulting
Services: Chemical Substitution List
and Eye Protection Options poster

* Virginia State Department of
Education: Safety in Science Teach-
ing manual

¢ Web resources for MSDS

Final Thought

The Safety in the Science Classroom
portal contains a list of wvaluable
resources for science educators. Teach-
ers should be aware that the list does
not supersede school, local, state, or
federal laws; regulations; codes; or pro-
fessional standards. Ultimately, it is the
science teacher’s and school administra-
tors’ responsibility to make science safer
using appropriate legal standards and
best professional practices under the
“duty of care.”

Author’s Note

Any forprofit company that provides
free materials or services to K-12
schools and wishes to be listed on the
Safety in the Science Classroom portal
should send a request to Ken Roy at
10yk@glastonburyus.org.

Reference

National Research Council (NRC). 1996.
National science education standards. Washing-
ton, DC: National Academies Press.

Internet Resource

National Science Teachers Association (NSTA).
Safety in the Science Classroom portal:
wwaw.nsta.org/portals/safety.aspx
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5. Getting Students in the

Safety Zone

There are no existing federal laws that
protect students through health and
safety programs in school science labo-
ratories or schools in general. Yet the
Federal Occupational Safety and Health
Administration (OSHA) Health and
Safety Act of 1970 requires that school
employers provide health and safety
programs for teachers and other school
employees. The question is, How can
the work environments of science teach-
ers reflect health and safety standards
if there are no similar requirements for
students? The answer is that they can-
not, unless the school district institutes
safety protocols and practices for stu-
dents to follow.

The School Chemistry Laboratory Safety
Guide is a resource for science teachers
and school administrators to consider
for this purpose. This publication from
the National Institute for Occupational
Safety and Health (NIOSH) is available
online (see Internet Resource). Although
the guide is designed for chemistry classes,
it also provides best practices for biology,
physics, and Earth and space science.

Experience Counts

When reviewing occupational injury
data, it becomes clear that the rate of
injury depends on experience, or lack
thereof. Higher frequencies of injury
occur during an individual’s initial
period of employment but decrease with
more experience. Similarly, the likeli-
hood of a safety incident is higher when
students engage in new activities. To
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help reduce the number of safety inci-
dents and make the environment safer
for both students and employees, science
teachers must provide lab safety training
and enforcement for their students.

Given their “duty of care,” science
teachers are obligated to provide instruc-
tion on legal standards and best safety
practices. This involves safety informa-
tion and resources, training, direct
supervision, and enforcement. The lab
experience provides the opportunity for
teachers to help students develop life
skills in safety and health.

Ultimately, it is the responsibility
of the teacher’s employer—the board of
education—to provide a safe working
environment for students and employ-
ees (i.e., teachers). Administrators and
supervisors representing the employer
must provide professional development
and safety resources (e.g., appropriate
engineering controls, standard operat-
ing procedures, and personal protective
equipment) for employees and students
in all science labs.

Building Student Attitudes

The School Chemistry Laboratory Safety
Guide covers just about every aspect
of lab safety needed for the operation
of a safer science program. The guide
addresses issues dealing with engineer-
ing controls, hazardous waste, chemi-
cal hazards assessment, lab signage,
Material Safety Data Sheets (MSDS),
chemical hygiene plans (CHPs), cradle-
to-grave chemical cycles (i.e., ordering,
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use, storage, and disposal), inventory,
best practices, and more.

One important piece of informa-
tion the publication provides is a stu-
dent safety checklist—a set of dos and
don’ts for lab behavior and practice.
The checklist also aims to build posi-
tive attitudes about safety and protect
both students and teachers in the lab.
The guide’s major topics include some
of the following example items (Note:
These examples are adapted from the
NIOSH guide. The full checklist is avail-

able online [see Internet Resource)):

¢ Conduct: The use of personal
audio or video equipment is pro-
hibited in the lab. Do not engage
in practical jokes or boisterous
conduct in the lab.

¢ General work procedure: Coats,
bags, and other personal items
must be stored in designated
areas, not on the bench tops or
in the aisles. Notify your teacher
of any known sensitivities you
have to particular chemicals.

¢ Housekeeping: Inspect all equip-
ment for damage (e.g., cracks
and defects) prior to use; do not
use damaged equipment. Prop-
erly dispose of broken glassware
and other sharp objects immedi-
ately in designated containers.

e Apparel in the lab: Wear shoes
that adequately cover the whole
foot; low-heel shoes with non-
slip soles are preferable. Do not
wear sandals, open-toe shoes,
open-back shoes, or high-heel
shoes in the lab.

* Hygiene practices: Remove

any protective equipment (i.e.,
gloves, lab apron, chemical-
splash goggles) before leaving
the lab. Food and drink—open
or closed—should never be
brought into the lab or chemical
storage area.

Emergency procedures: In case
of an emergency or accident,
follow the established emer-
gency plan and evacuate the
building through the nearest
exit. Know the location of and
how to operate the following:
fire extinguishers, alarm systems
with pull stations, fire blankets,
eyewashes, first-aid kits, and del-
uge safety showers.

Chemical handling: Use the
chemical hood, if available,
when there is a possible release
of toxic chemical vapors, dust, or
gases. When using a hood, the
sash opening should be kept at

a minimum to protect the user
and ensure efficient operation
of the hood. Keep your head
and body outside of the hood’s
face. Chemicals and equipment
should be placed at least 15 cm
(6 in.) within the hood to ensure
proper air flow. When transport-
ing chemicals (especially 250 ml
or more), place the immediate
container in a secondary con-
tainer or bucket (made of rubber,
metal, or plastic) that is large
enough to hold the entire con-
tents of the chemical and can be
carried easily.
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Final Safety Thought

Remember that students coming into
science labs need initial and ongoing
training about safety standards and best
practices. They also need to develop
good attitudes about their work and the
health and safety of their teachers and
fellow students. The School Chemistry
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Laboratory Safety Guide provides a help-
ful resource to move students into the
safety zone.

Internet Resource

Centers for Disease Control and Prevention
(CDCQ). School chemistry laboratory safety guide.
wwaw.cdc.gov/niosh/docs/2007-107
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“safe” level of exposure to, 118
sources of, 117, 118
Electrophoresis equipment, 115, 116
Electrostatic machines, 114
Emergency procedures, 8, 15, 22, 23, 28, 62,
63, 77-18, 86, 96, 107, 114, 155
EMFs. See Electromagnetic fields
Engineering controls, xi, 7, 14, 19-21, 38, 60,
71,72, 83, 119
fire extinguishers, 19-20, 28-30
lab design/construction and, 33-34
lab relocation and, 35-37
lack of, 19, 22, 31, 56
location and access to, 22
for protection against blood-borne
pathogens, 72
requirement for, 19, 20, 31-32, 34, 57, 92
teacher responsibility for, 21
for temporary labs, 31-32
training for use of, 41, 138, 141
ventilation, 25-27
Environmental Protection Agency (EPA), 12,
49, 66, 89, 90, 92, 109, 144
Ergonomics, 51
Esters, 98, 100
Ethylene oxide, 100
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Experiment protocol, 38
Experiments/Activities With Human Blood and
Other Potentially Infectious Materials, 13
Eye protection, 120, 122-123, 125. See also
Eyewash stations; Goggles/safety glasses
Eye Protection Options poster, 13
Eyewash containers, squeeze-bottle, 23-24
Eyewash stations, 7, 22-24, 47, 72, 78
equipment standard for, 22
flow rate for, 23
flushing of, 38, 47
lack of, 22, 31, 56
location and access to, 15, 22, 106
for mobility-impaired students, 3, 4
in modular labs, 32
proper use of, 23
purchase of, 23
requirement for, 7, 19, 22, 31, 34, 57, 92,
96, 144, 150
signage for, 24
testing/inspection of, 7, 22-23, 47
training for use of, 22, 41
water pH and temperature for, 23

F
Face shields, 20, 102
Fieldwork, 85-86
allergies and, 59, 86
geological, 106-108
school policy for, 85
Sun protection for, 80, 86
Fire alarm, 28, 29
Fire blankets, 15, 19, 39, 43
Fire code, 28
Fire doors, 30
Fire drills, 155
Fire extinguishers, 28-30, 41, 96
classification based on types of fire sources,
19-20, 28, 29, 47, 115
inspection of, 30, 48
lack of, 19, 56
location and access to, 15, 30, 48, 155
refilling of, 30
requirement for, 28, 31, 34, 144, 150
signage for, 39, 43
training for use of, 20, 28-29, 48, 96
when to use, 28
Fire marshall, 30, 34, 45, 46, 48
Fire prevention, 29-30
Fire-suppression system sensors, 19
First aid, 15, 38, 78, 96
First responder protocols, 38
Flammable materials. See also Combustible
materials
classification of, 98

National Science Teachers Association

fire extinguishers for, 19-20, 28, 29, 47,
115
gas cylinders, 30, 48
safety precautions for, 8, 29-30, 50, 115
storage of, 20, 26, 30, 48, 74, 90, 96,
98-100, 115
transporting of, 35
Flashlights, 65
Flinn Scientific, 12
FM Approvals LLC, 105
Food
allergies to, 58
peanuts, 25, 26, 58
eating and drinking in the lab, 15, 39, 48,
50, 73, 111, 154
storing chemicals in containers for, 90
Footwear, 15, 36, 38, 64, 65, 86, 111, 120, 125,
154, 155
Formaldehyde, 58
Freezers, 36
Fume hoods, 7, 20, 25, 36, 92, 96, 98, 106,
150, 155
controls for, 4
efficient operation of, 15
face velocity for, 25, 48
inspection of, 20, 48
lack of, 19, 31, 56
for mobility-impaired students, 3, 4
OSHA requirements for, 7
Funding, 6, 33, 136, 148
Fungi, 76
Fungicides, 85

G
Gas cylinders, 48
storage of, 30, 48, 96
transporting of, 36
Gas energy in lab, 3, 8, 20, 32, 45, 48, 55, 73,
74, 106, 115, 150, 155
master shutoff for, 48, 107, 155
Gas(es)
asthma from exposure to, 59
compressed, 28, 30, 36, 96
hazardous, 15, 20, 122
hydrogen, 113
General Industry Standard, 28, 53, 64, 98, 104,
122
Generic Solvents Alternative Guide, 13
Geological labs and fieldwork, 106-108
GFCI (ground fault circuit interrupter), 19, 48,
107, 108, 114
GHS (Globally Harmonized System of
Classification and Labeling of Chemicals),
x, 10
Glassware, 5, 55, 57, 72, 122



broken or damaged, 15, 86, 120, 156
cleaning of, 156
hot, 155
packing for transport, 36
for peroxide-forming chemicals, 102-103
tubing, 155
Globally Harmonized System of Classification
and Labeling of Chemicals (GHS), x, 10
Gloves, 15, 31, 34, 36, 39, 41, 47, 49, 56, 70, 71,
72,11, 83, 85, 93, 102, 106, 111, 114, 120,
125, 131, 155
Glycols, 98
Goggles/safety glasses, 39, 47, 56, 72, 85, 107,
111, 120, 123, 125, 144, 154
chemical splash, 715, 20, 36, 41, 43, 47,
83,92, 102, 106, 107, 120, 123, 125,
131, 144, 154
cleaning and sanitizing of, 12, 20, 31, 34,
39, 123
Green Cleaning, 91
Greening Labs and Lesson Plans, 91
Ground fault circuit interrupter (GFCI), 19, 48,
107, 114, 118

H
Hairstyles in the lab, 30, 38, 107, 125, 154
Hand washing, 7, 39, 76, 86, 106, 123, 125, 156
Hazard Communication Standard (HCS), x, 6,
10-11, 39, 53, 74, 92, 95
Health and Safety Act of 1970, 14
Health Information Network (HIN), 66-68
Health Physics Society (HPS), 79
Health Risks From Exposure to Low Levels of
lonizing Radiation: BEIR VII Phase 2, 109, 110
Hearing protection, 120
Heat sensors, 19
Heat sources, 32, 39, 106-107, 154
Hepatitis B vaccine, 71
Herbicides, 85
Hexanes, 98
HIN (Health Information Network), 66-68
Household Products Material Safety Data
Sheets Database, 13
Housekeeping practices, 15, 39
allergens and, 58
for fire prevention, 29
for laboratory work areas, 8, 39, 48, 53, 65,
72, 110
for protection against blood-borne
pathogens, 71
HPS (Health Physics Society), 79
Hydrocarbons, 100
Hydrochloric acid, 47, 95, 106, 119
Hydrogen peroxide, 47, 77
Hygiene practices, 7, 15, 39, 48

INDEX

1
ICC (International Code Council), 20, 28, 45,
56, 98, 140
ICNIRP (International Commission on Non-
Ionizing Radiation Protection), 117
IDEA (Individuals With Disabilities in
Education Act), 32, 34
Independent study programs, 62-63
Individuals With Disabilities in Education Act
(IDEA), 32, 34
Indoor Air Quality (IAQ) Tools for Schools
program, 66-68
Infectious material hazards, 13, 38, 67, 69-72,
76. See also Blood-borne pathogens
Injuries, 19, 54, 144
burns, 29, 30, 38, 41, 89, 105, 120, 124
computer-related, 51
due to negligence, 57
due to slips, trips, and falls, 64-65
electric shock, 19, 51, 105, 107, 108, 113,
114, 115, 120
experience and, 14
of eyes, 22, 120, 122
of foot, 107, 120
litigation related to, 19, 54, 144
needlestick, 71
prevention of, 4, 30, 41-44
reporting of, 154
from sharp objects/instruments, 4, 5, 51,
72, 83, 86, 107, 131
teachers’ liability for, x, 13, 62
work practices for protection against,
38-40
wound care for, 70
Inquiring Safely: A Guide for Middle School
Teachers, 124
Insects, 58, 70, 76, 86, 88
Inspection(s)
of chemicals, 95, 102
of emergency lighting, 48
of equipment, 15, 35, 43-44, 51, 107, 114
of eyewash stations and showers, 22, 23, 47
of fire extinguishers, 30, 48
of fume hoods, 48
by OSHA, 46, 54
for radioactive materials, 109
of school/lab facilities, 34, 37, 46, 66, 93
of ventilation system, 26
The Integral Role of Laboratory Investigations
in Science Instruction, 133-137
International Building Code, 45
International Code Council (ICC), 20, 28, 45,
56, 98, 140
International Commission on Non-lonizing

Radiation Protection (ICNIRP), 117
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Internet resources, 152
Internet safety, 51
Intertek Testing Services NA (ITSNA), 105
Introductory Physical Science (IPS), ix
Inventory of chemicals, 15, 35, 36, 39, 48, 90,
95, 96, 102
Investigating Safely: A Guide for High School
Teachers, 43, 62, 87, 106
Ionizing radiation, 109-112
dosage of, 109-110
school contamination with, 109
school safety protocol for, 110-111
sources of, 109-110, 111
ITSNA (Intertek Testing Services NA), 105

]
Jewelry, 38, 50, 107, 114, 116, 125, 154

K

Ketenes, 100

Ketones, 98, 100

Keys to lab/storage areas, 8, 39, 47, 74

L
Labeling. See also Signage
of appliances for proper use, 48
of disposal containers, 72, 77
of hazardous materials, x, 10, 11, 39, 48,
90, 95, 96, 102
of lab materials for relocation, 36, 37
NTRL certification, 104, 105
of radioactive materials, 36, 109
of reagent bottles, 155
of storage areas, 99
to warn of potential hazards or exposures,
71,72
Laboratory

additional policies and regulations for, 8-9

administrative support for lab activities,
136

assessment of lab activities, 137

class size guidelines for, 45, 46, 139, 140

danger of lab activities in regular
classroom, 56-57

decontamination of, 36, 71, 72, 76-78, 93

enforcing prudent safety practices in, 42

furniture placement in, 20

The Integral Role of Laboratory
Investigations in Science Instruction,
133-137

modular, 32

nonscience classes assigned to, 53-55,
73-75

occupancy load for, xi, 8, 13, 20, 28, 31,
32, 34, 45, 46, 136, 139, 140, 141, 144

National Science Teachers Association

OSHA Laboratory Standard, 6-9
potential hazards in, 60
pregnancy and, 87-88
relocation of, 35-37
rules and regulations for, 153-157
safety in work areas of, 8, 22, 72, 110, 111,
156
security of, 8, 39, 47, 48, 49, 55, 63,
73-175, 96
space requirements for, 4, 45, 150
standard operating procedures for, 6, 7,
8, 14, 31, 32, 34, 57, 58, 60, 83, 92,
102-103
temporary, 31-32
Laboratory design and construction, ix, 33-34
building or renovations phase of, 34
educational specifications for, 33
final inspection and Certificate of
Occupancy for, 34
funding for, 33
planning phase of, 32, 33
programming phase of, 33
temporary lab during, 31-32
visitation phase of, 33
Laboratory Safety Institute, 13
Laboratory sinks, 76, 116
floor mats in front of, 65
lack of, 31, 56
for mobility-impaired students, 3, 4
requirement for, 31, 34
waste disposal in, 156
Laboratory Standard, ix-x, xi, 6-9, 25, 26, 53,
62, 74,92, 119, 141
An Owerview of OSHA’s Laboratory Standard
29 CFR 1910.1450, 12
components of, 6-7
chemical hygiene officer, 6-7
chemical hygiene plan, 6-9, 14, 25
employee information and training,
7,8
itinerary of, 7-8
Laboratory workstations, for mobility-impaired
students, 3-4
Latex allergy, 58, 120
Lead exposure, 51, 107
Learning Conditions for High School Science,
150-151
Legal issues, 41-44. See also Liability
legislative protections for students with
disabilities, 3 (See also Americans With
Disabilities Act)
negligence, 41-43, 54-55, 517, 61, 86
nonscience classes held in laboratory, 53
occupancy load for lab, 45-46
OSHA Laboratory Standard, ix-x, xi, 6-9



safety and liability (See Liability)
school policy for field trips, 85
Legislation
Americans With Disabilities Act, x, 3, 4, 5,
32, 34,59
Health and Safety Act of 1970, 14
Individuals With Disabilities in Education
Act, 32, 34
No Child Left Behind Act, ix, 6
Occupational Exposure to Hazardous
Chemicals in Laboratories, ix-x, 6-9
(See also Laboratory Standard)
Occupational Safety and Health Act,
53-54
Lesson plan logging, 43
Liability
independent study programs and, 62-63
related to field studies, 85, 108
of school district/administrators, x, 54, 55,
73,75, 138
of science teachers, x, 13, 22, 26, 31,
39, 45-46, 55, 56, 73, 85, 119, 123,
138-142
Liability insurance, 46, 139-140, 141, 142, 144
Liability of Science Educators for Laboratory
Safety, 13, 45, 123, 138-142
Lighting, 48, 65, 83, 118, 131
Lockdown procedures for school, 49
Locking lab/storage areas, 8, 39, 47, 49, 55, 74,
96, 99

M
Magnesium metal, 20, 29
Magnesium powder, 47
Maintenance, 7, 115, 136
Maryland Electrical Testing, 105
Massachusetts Institute of Technology, 13
Master shutoff devices, 20, 39, 41, 43, 48, 107,
155
Material Safety Data Sheets (MSDS), 10, 13, 14,
23, 29-30, 35, 39, 40, 42, 58, 83, 95, 96,
102, 107, 120, 144
Medical consultation, 7
Medical issues, 7, 23, 59, 86
Medical treatment procedure form, 63
Melanoma, 79-80
Mentoring, 62-63, 147, 150
MET Laboratories, 105
Metal fires, 28, 29, 41
Metals
combustible, 20, 29, 47, 20, 29, 41, 47
disposal of, 156
in rock samples, 107
Methicillin-resistant Staphylococcus aureus, 76

Microscopes, 5, 62, 107, 115

INDEX

Microwave ovens, 48, 115, 118
Mineral samples, 106-107
Mobility-impaired students, 3-5
additional access items for, 5
fume hoods for, 4
laboratory sinks for, 4
laboratory workstations for, 3-4
legal protections for, 3
safety eyewashes and showers for, 4
Modular labs, 32
Molds, 58, 66, 76, 108
Mosquitoes, 85, 86
MSDS (Material Safety Data Sheets), 10, 13, 14,
23,29-30, 35, 39, 40, 42, 58, 83, 95, 96,
102, 107, 120, 144

N
National Education Association, 66
National Fire Protection Association (NFPA),
19, 20, 26, 28, 36-31, 39, 45, 56, 98, 99,
140
National Institute for Occupational Safety and
Health (NIOSH), 14, 15, 54
National Institutes of Health, 13
National Oceanic and Atmospheric
Administration, 13
National Research Council, 109
National Sanitation Foundation, 105
National Science Education Leadership
Association (NSELA), 13, 56
National Science Education Standards (NSES),
ix, 6, 12, 60, 66, 67, 82, 129, 146
National Science Foundation (NSF), ix, 50
National Science Teachers Association (NSTA),
93
Inquiring Safely: A Guide for Middle School
Teachers, 124
Investigating Safely: A Guide for High School
Teachers, 43, 62, 87, 106
journal columns on safety, x-xi, xiv, 6, 56
position statements of
The Integral Role of Laboratory
Investigations in Science
Instruction, 133-137
Learning Conditions for High
School Science, 150-151
Liability of Science Educators for
Laboratory Safety, 13, 45, 123,
138-142
Responsible Use of Live Animals
and Dissection in the Science
Classroom, 82-84, 129-131
Safety and School Science
Instruction, 144-145
Science Education for Middle Level
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Students, 146-148
Safety in the Science Classroom, 12-13,
64, 123
safety publications of, 13, 43
safety training by, 43
sample safety acknowledgment form, 42
Science Laboratory Rules and Regulations,
153-157
Scope, Sequence, and Coordination
Program, ix
National Technical Systems (NTS), 105
Nationally Recognized Testing Laboratories
(NRTL)-certified equipment, 104-105
Needlestick injuries, 71
Negligence, 41-43, 54-55, 57, 61, 86
Next Generation Science Standards (NGSS), ix
NFPA (National Fire Protection Association),
19, 20, 26, 28, 36-31, 39, 45, 56, 98, 99,
140
Nickel, 58
NIOSH (National Institute for Occupational
Safety and Health), 14, 15, 54
NIOSH School Chemistry Laboratory Safety Guide,
91
Nitric acid, 47, 95, 106
No Child Left Behind Act, ix, 6
Nonscience classes assigned to laboratory,
53-55,73-75
NSELA (National Science Education
Leadership Association), 13, 56
NSES (National Science Education Standards),
ix, 6, 12, 60, 66, 67, 82, 129, 146
NSF (National Science Foundation), ix, 50
NSF International, 105
NSTA. See National Science Teachers
Association

NTS (National Technical Systems), 105

(¢)
Occupancy load for lab, xi, 8, 13, 20, 28, 31, 32,
34, 45, 46, 136, 139, 140, 141, 144
Occupational Exposure to Hazardous
Chemicals in Laboratories, ix-x, 6-9. See
also Laboratory Standard
Occupational Safety and Health Act, 53-54
Occupational Safety and Health Administration
(OSHA), xi-xii, 4, 53, 56, 73, 95
adoption of Globally Harmonized System
of Classification and Labeling of
Chemicals, x, 10
Blood-borne Pathogen Standard, 69, 70,
71
engineering controls required by, 19, 20
General Industry Standard, 28, 53, 64, 98,
104, 122
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Hazard Communication Standard, x, 6,
10-11, 39, 53, 74, 92, 95

Health and Safety Act of 1970, 14

inspections by, 46, 54

Laboratory Standard, ix-x, xi, 6-9, 14, 25,
26, 53, 62, 74, 92, 119, 141 (See also
Laboratory Standard)

Lockout/Tagout Standard, 115

OSHA Training Requirements and Guidelines
for K-14 School Personnel, 12

personal protective equipment required by,
119-122

position on eyewash stations, 22

recognition of NRTL certification of
equipment, 104-105

requirements for employee training in
hazardous locations, 53

requirements for training employees in
hazardous locations, 53

Right to Know Standard, 6, 92, 141

safety resources of, 43

Sanitation Standard, 64

signage required by, 39

standards related to slips, trips, and falls,
64

Typical Registered Certification Marks
website, 104

ventilation requirements of, 20

work practices, 38-40

workers’ rights under Occupational Safety
and Health Act, 53-54

Other potentially infectious material (OPIM)
hazards, 13, 69, 76. See also Blood-borne
pathogens
Ovens, 48, 104
microwave, 48, 115, 118

P
Parents, 89, 138, 153
approval of independent study projects
by, 63
informing about field trips, 85, 86
informing about ionizing radiation studies,
111
providing behavioral expectations list to,
38, 124
provision of student health information
by, 58, 82
safety acknowledgment form for, 42, 145,
153
science laboratory rules and regulations
form to be signed by, 157
Peanut allergy, 25, 26, 58
PEL (personal exposure level), 8
Peroxide-forming chemicals, 101-103



classification of, 101-102
standard operating procedures for control
of, 102-103
Personal protective equipment (PPE), xi, xiii, 7,
8, 14, 15, 30, 36, 39, 43, 417, 49, 60, 83, 85,
92, 96, 102, 106, 107, 119-123, 131. See also
specific equipment
for biosafety, 71, 72, 77, 78
hazard survey to determine need for, 119
lack or nonuse of, 41, 56, 57, 119
requirement for, 31, 34, 38, 119-122, 144
selection of, 119
training for use of, 62, 122, 123, 138, 141
Pesticides, 82, 85, 108, 130
Physical science
electrical circuit safety, 113-116
electromagnetic fields, 117-118
using ionizing radiation, 109-112
Plants, 155
toxic, 58, 86
Poison control centers, 12
Poison exposures, 38, 96
batteries, 115
mercury, 89
plants, 85, 86
snakes, 85, 86
Policies for safety, 8, 28, 35, 38, 39, 43, 51, 72,
82, 84, 85, 87, 93, 110, 117, 129, 139, 140,
142
Pollution Prevention Measures for Safer School
Laboratories, 91
Potassium chlorate, 47
Potassium dichromate, 58
Potassium metal, 20, 29, 93, 100, 101
PPE. See Personal protective equipment
Pregnancy and the lab, 87-88
Professional development, 14, 43, 60, 80, 123,
135, 138-139, 148, 151
Professional judgment, 23, 129
Project 2061, ix, 3
2-Propanol, 101

R
Radiation safety officer, 110
Radioactive materials
disposal of, 110, 111
ionizing radiation, 109-112
minerals, 107
rocks, 107, 109
safety protocols for use of, 110-111
signage for, 36
storage of, 36, 109, 110, 111
transporting of, 36
Reagent bottles, 155
Recommendations for Goggle Cleaning, 12

INDEX

Recycling chemicals, 35, 139, 140
Refrigerators, 30, 36, 48, 96, 104, 110
Rehab the Lab program (Washington), 13, 92,
93-94
Relocation of laboratory, 35-37
Reporting
of accidents/spills/injuries, 42, 65, 70,
86, 154
of allergic reactions, 58
of chemical thefts, 48-49
of fires, 29
Responsible Use of Live Animals and
Dissection in the Science Classroom, 82-84,
129-131
Right to Know Standard, 6, 92, 141
Rock samples, 106-108
Rules and regulations for lab safety, 153-157

S

“Safer Science” column in The Science Teacher,
X-Xi, Xiv, 6

Safety acknowledgment form, 41-42, 145, 153

Safety and School Science Instruction, 144-145

Safety Data Sheets (SDS), 10-11, 23, 29-30, 39,
40, 42, 58, 95, 96, 102, 107

Safety drills, 42

Safety glasses. See Goggles/safety glasses

Safety in Academic Chemistry Laboratories, 12

Safety in Science Teaching, 13

Safety in the Science Classroom, 12-13, 64, 123

Safety policies, 8, 28, 35, 38, 39, 43, 51, 72, 82,
84, 85, 87, 93, 110, 117, 129, 139, 140, 142

Safety resources, 12-14, 43, 152

Safety shields, 20, 102

Safety tests for students, 42

Sanitizers for goggles, 20, 31, 34

SC3 (School Chemical Cleanout Campaign),
12, 89-91,92

School building safety, 49

School Chemical Cleanout Campaign (SC3),
12, 89-91,92

The School Chemistry Laboratory Safety Guide, 12,
14-16

School nurse, 38, 58, 59, 66, 78, 86, 115

School policy for field trips, 85

Science, technology, engineering, and
mathematics (STEM) education, ix

Science and Safety, Making the Connection, 12

Science and Safety Consulting Services, 13

Science Classroom Safety and the Law: A Handbook
for Teachers, 43

Science department meeting agendas, 43

Science education, evolution of, ix-x

Science Education for Middle Level Students,
146-148
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Science for All Americans, 3
Science Laboratory Rules and Regulations,
153-157
Science Scope, x
The Science Teacher, x, xiv, 6
Science teachers
documenting safety actions of (See
Documentation)
“duty of care,” xiv, 13, 14, 20, 27, 41, 43,
46, 53-55, 56, 51, 60, 61, 73, 119, 138,
139
liability of, x, 13, 22, 26, 31, 39, 45-46, 55,
56, 73, 85, 119, 123, 138-142
modeling of safety behaviors by, 42
negligence of, 41-43, 54-55, 57, 61, 86
new generation of, x, 6
participation in lab design and
construction process, 33-34
planning for field trips, 85-86
professional development of, 14, 43, 60,
80, 123, 135, 138-139, 148, 151
professional judgment of, 23, 129
responsibility after blood-borne pathogen
exposure incident, 72
safety education for (See Training for safety)
safety resources for, 12-14, 43, 152
safety responsibilities of, 43-44, 56-57,
60-61
support for, 135-136
SDS (Safety Data Sheets), 10-11, 23, 29-30, 39,
40, 42, 58, 95, 96, 102, 107
Security, 8, 39, 47, 48, 55, 63, 96
related to nonscience classes held in
laboratory, 73-75
of school building, 49
of storage areas, 8, 39, 47, 55, 74, 111
Security action plans, 73-74
SGS U.S. Testing Company (SGSUS), 105
Sharp objects/instruments, 4, 5, 51, 72, 83, 86,
197, 131
disposal of, 15, 71, 77, 718
Shoes, 15, 36, 38, 64, 65, 86, 111, 120, 125,
154, 155
Showers, 23, 96
acid, 19, 38, 106
flow rate for, 19, 23
lack of, 31, 56
location and access to, 15, 19, 22, 106, 155
for mobility-impaired students, 3, 4
requirement for, 19, 22, 24, 31, 32, 34, 56,
150
signage for, 24
testing/inspection of, 7, 22-23, 47
training for use of, 22, 41, 96
water temperature for, 23

National Science Teachers Association

Signage, 14, 37, 39, 43
for eyewash stations and showers, 24
for fire blankets and fire extinguishers, 19,
30, 43
for fire extinguishers, 39, 43
for gas cylinders, 48
for laboratory access doors, 47
for master shutoffs, 43, 48, 114
for radioactive materials, 36, 110
removing from vacated lab spaces, 36-37
Skin cancer, 79-80
Slips, trips, and falls (STFs), 39, 64-65. See also
Trip-and-fall hazards
sources of, 64
work practices for reduction of, 64-65
Smoke detectors, 19, 111
Sodium hypochlorite solution, 36, 71, 77
Sodium metal, 20, 29, 41, 47, 100, 41
Soils, 58, 64, 86, 108
SOPs. See Standard operating procedures for lab
Southwest Research Institute (SWRI), 105
Special needs students, x, 85, 136, 145, 151
ADA and, xii, 3, 4, 5, 32, 34, 59
laboratory policies related to, 8-9
with mobility impairments, 3-5
Spills, 50
biosafety guidelines for, 76, 77, 78
of chemicals, 22, 23, 35, 73, 89
cleaning up, 36, 65, 96, 103, 108, 116
clothing for protection against, 120, 124
control procedures for, 39
of electrophoresis buffer, 116
lab decontamination after, 77, 78, 93
of radioactive reagents, 109
reporting of, 65, 154
slips, trips, and falls due to, 64
Squamous cell skin cancer, 79
Standard operating procedures (SOPs) for lab,
6, 1,8, 31, 32, 34, 57, 60, 83
to control hazards of peroxides, 102-103
related to allergies, 58
for working with chemicals, 92
Staphylococcus aureus, methicillin-resistant, 76
Sterilization techniques, 77, 123
Storage areas
access to fire extinguisher for, 47
adequate space for, 136, 151
for chemicals, 8, 12, 15, 26, 35, 39, 47, 48,
55, 73, 90, 94, 95-97, 98, 100, 140,
154, 156
peroxide formation and, 101
electricity for, 19, 48
for flammable and combustible materials,
20, 26, 30, 48, 74, 90, 96, 98-100, 115
for gas cylinders, 30, 48, 96



gas shutoff for, 48
inappropriate, 22, 48, 89, 90, 98
labeling of, 99
for personal items, 15
planning of, 5, 37
for radioactive materials, 36, 109, 110, 111
relocation of, 35-37
restricted access to, 48, 154
safety protocols for, 39
security of, 8, 39, 47, 55, 74, 111
teacher training related to, 123, 138, 141
ventilation of, 20, 26
Stream tables, 108
Students
allergies of, 58-59, 82, 83, 86, 120, 130,
131
behavioral expectations for, 15, 38, 43, 60,
64-65, 85, 114, 124, 154
clothing of, 15, 38, 50, 107, 120, 124-125,
154
diversity of, x
hairstyles of, 30, 38, 107, 125, 154
independent study programs for, 62-63
injury of (See Injuries)
pregnant, 87-88
reviewing MSDS/SDS with, 42
safety acknowledgment form for parents
and, 41-42
safety checklist for, 15
safety drills for, 42
safety tests for, 42
safety training for, 41-42, 54-55
science laboratory rules and regulations
for, 153-157
with special needs, x, 3-5, 8-9, 85, 136,
145, 151
standards of conduct for, 15, 154
teachers’ “duty of care” for, xiv, 13, 14, 20,
217, 41, 43, 46, 53-55, 56, 51, 60, 61,
73, 119, 138, 139
Sulfur, 58
Sun safety, 79-80
Sunscreens, 80, 86
Surge protectors, 50
SWRI (Southwest Research Institute), 105

T

Temporary laboratory, 31-32
Terrorism, 47

TfS (Tools for Schools) Action Kit, 66
Threshold limit value (TLV), 8

Ticks, 85, 86

Tips for Sustainable Solvent Practice, 13
TLV (threshold limit value), 8

Tools for Schools (TfS) Action Kit, 66
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Toxic substances, 8, 15, 25, 54, 58, 82, 93, 94,
96, 115, 130
Training for safety, 12, 16, 43, 56, 60-61,
135-136, 141
eyewash station use, 22, 41
fire extinguisher use, 20, 28-29, 48, 96
in Hazard Communication Standard, 10
independent study programs and, 62
Laboratory Standard requirement for, 7,
8,53
to monitor for radioactive contamination,
109
OSHA Training Requirements and Guidelines
for K14 School Personnel, 12
related to blood-borne pathogens, 71
related to chemicals, 7, 8
related to storage areas, 123, 138, 141
shower use, 22, 41, 96
for students, 41-42, 54-55
Training Requirements and Guidelines for K- 14
School Personnel, 12
Transporting chemicals, 11, 15, 35-36, 139
Trip-and-fall hazards, 5, 20, 48, 51, 64-65, 86,
107, 114, 115, 120, 125. See also Slips, trips,
and falls
TUV Rheinland of North America (TUV), 105
TUV SUD America (TUVAM), 105
TUV SUD Product Services GmbH (TUVPSG),
105

U

UFAS (Uniform Federal Accessibility
Standards), 3

UL (Underwriters Laboratory), 104, 105

Ultraviolet (UV) radiation exposure, 79-80

Underwriters Laboratory (UL), 104, 105

Uniform Federal Accessibility Standards
(UFAS), 3

Universal precautions, 70, 71, 72

UV (ultraviolet) radiation exposure, 79-80
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Ventilation, 20, 25-27, 30, 31, 34, 48, 56, 58,
83, 96, 131

Vinegar, 42

Virginia State Department of Education, 13

Visitors to school/lab, 45, 49, 83, 110, 116, 131

Volatile organic compounds, 66

W
Wiaste disposal, 71, 77, 123, 138, 141, 144, 156
biological waste, 77-78, 144
animal specimens, 83, 130, 131
chemicals, 11, 15, 35, 40, 42, 90, 92, 93,
94, 123, 138, 139, 140, 141, 144, 156
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peroxides, 101, 102, 103 master shutoff for, 20, 48
computer batteries, 51 safety near electricity, 29, 114, 115
containers for, 72, 78, 156 for surface cleanup/decontamination, 71,
protocols for, 40 717, 83, 123, 125, 131, 156
radioactive materials, 110, 111 Wheelchair access. See Mobility-impaired
sharps, 15, 71, 77, 78 students
Water supply in lab, 3, 4, 39, 73, 136, 150, 156 “Whistleblowers,” 54
bottled, 56 WHO (World Health Organization), 117
for cleaning skin/hands/eyes, 7, 39, 70, WL (Wyle Laboratories), 105
76, 78, 86, 106, 123, 125, 155 Work practices (WDPs), 38-40
for eyewash stations and showers, 4, 19, Workers’ rights under Occupational Safety and
22-23 Health Act, 53-54
for fire suppression, 29, 115 World Health Organization (WHO), 117
leaks/spills of, 58, 64, 118 Wyle Laboratories (WL), 105
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“The changing safety legal standards and professional best practices affecting academic laboratories

are efforts to match the rise of modern science’s discoveries and applications. Unfortunately, teacher

preservice preparation and inservice professional development have not kept pace with these changes.

This volume helps bridge the gap by raising awareness of safety issues and showing how to develop a
safer learning and working environment in schools. ”

—Ken Roy on The NSTA Ready-Reference Guides to Safer Science

Safer science is a daily requirement for every
teacher in every science classroom. Get up-
to-date information from The NSTA Ready-
Reference Guide to Safer Science, Volume 3. This
volume is a collection of more than 40 quick-
read “Safer Science” columns from The Science
Teacher, NSTA’s high school journal (plus some
adaptable “Scope on Safety” columns from
Science Scope, NSTA’s middle school journal).
As easy to read as it is practical, the book is
chock-full of safety information, anecdotes,
and advisories you can use every day:.

The book covers important information, such as

* systems to help prevent and control lab
safety hazards, from eyewash showers to
ventilation;

standard operating procedures covering
general safety precautions and safety

in specific disciplines, such as biology,
chemistry, Earth and space science, and
physical science;

personal protective equipment; and
helpful safety-related NSTA position
papers and internet resources.

Grades 9-12

oress

Learn more with these other
great resources:

The NSTA Ready-Reference
Guide to Safer Science, Volume
' 1, for grades 5-8: The articles
" in this volume cover more
! safety practices and legal
¢ standards (on subjects from
asbestos to ergonomics to
blood-borne pathogens) and
instructional safety (such as
occupancy loads, fields trips, special-needs
students, and more).

The NSTA Ready-Reference
Guide to Safer Science, Volume
2, for grades 5-8: The articles
in this volume cover general
safety practices and legal
standards; safety issues in
specific disciplines; and
teacher questions about
everything from acrylic nails
to latex goggles.
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