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Chemistry Professionals
Chemistry professionals have ethical and
legal responsibility to work with
chemicals safely.
They protect themselves, their
communities, and the wider
environment from the risks
associated with the hazards of
chemicals.
They address safety and health issues
when contributing to the scientific
literature.
Chemistry professionals need to develop
competency in evaluating hazards,
conducting assessments, and mitigating
the risks of those hazards.
https://www.acs.org/content/acs/en/chemical-safety/workplace-and-industry.html
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Adapted from Carol’s Corporate Social Reponsibility (CSR),
https://jcsr.springeropen.com/articles/10.1186/s40991-016-0004-6

In 2016, Grabowski and Goode examined
726 chemistry journals from 28 different
publishers, to determine the nature of
chemical safety precautions that authors
were asked to include in manuscripts.
What they found was that only 8% of the
journals surveyed included any one of four
keywords – caution, hazard, safety or
danger in author guidelines.
1Goode,
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“Communicating Safety Information”

016 – Grabowski and
Goode examined
hemistry journals to
etermine the nature
of chemical safety
precautions.

2017 – ACS
Publications added a
requirement in their
journals for authors
to include a safety
statement in
published work.

2019 – The logical
continuation of this
effort is to provide
the chemistry
enterprise with
guidance on
developing and
evaluating safety
statements.

The fourth edition of The ACS Style Guide will include an all new chapter to provide authors with
guidance on how to effectively communicate hazards and risks associated with published research.

Safety Summaries

Safety Guidelines in Scientific Publications - Goal
§ The goal is to alert readers to unusual
hazards or procedures which present
significant risk or require special control
measures beyond those reasonably
anticipated to be commonly present in a
chemistry teaching or research
laboratory setting.
§ It is expected that scientists schooled in
the art and following published
procedures will appropriately prepare for
commonly known hazards in their field of
study.

*
*highly (potent) active pharmaceutical ingredients

https://dottikon.com/dottikon-es-de/core-technologies/hazardous-reactions/

Safety Guidelines in Scientific Publications…
§ …will help organize and communicate safety information specific to
an experimental method in a consistent manner appropriate to
manuscripts.
§ …should inform readers about hazards requiring caution beyond
common laboratory safety measures.
§ …are intended to help those reproducing experiments to
understand, mitigate, and prepare for unusual or special risks in
reported methods.

Safety information included in scientific publications is
subject to the professional judgment of authors, editors and
reviewers and will necessarily vary depending on the…

• J. Org. Chem.

• Inorg. Chem. &
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• J. Chem. Educ.

…journal
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Communicating Experimental Hazard
§ The safety summary statement describing significant
hazards of concern should be a precise communication of
hazard management from the author regarding the specific
experimental scenario directed to researchers and others
downstream reproducing the science.
§ In most cases the safety summary statement would be
included in proximity to the experimental procedures or
methodology sections, though in some cases hazards noted
in observation may be indicated by footnotes.
§ The information in a statement should be based on the
assessed risks of the experimental processes.

CAUTION:
Explosion Hazard

Impact & friction
sensitive
intermediate

Work behind
shield

Determining Experimental Hazard
• Chemicals Carcinogenic, teratogenic,

Agents

corrosive, pyrophoric, toxic, mutagenic,
reproductive hazard, explosive,
nonionizing radiation, biological
hazard/pathogenic, flammable,
oxidizing, self-reactive or unstable,
potentially explosive, reducing, waterreactive, sensitizing, peroxide forming,
catalytic, or chemical asphyxiate

Conditions
• High pressure, low pressure,

electrical, uneven surfaces, pinch
points, suspended weight, hot
surfaces, extreme cold, steam,
noise, clutter, magnetic fields,
simple asphyxiant, oxygendeficient spaces, ultraviolent
radiation, or laser light

Activities
• Creation of secondary products, lifting,

chemical mixing, long-term use of dry
boxes, repetitive pipetting, scale up,
handling waste, transportation of
hazardous materials, handling glassware
and other sharp objects, heating
chemicals, recrystallizations,
extractions, or centrifuging

§ We know that experimental hazards
can result from a variety of agents,
conditions, and/or activities.
§ The information in a safety summary
should address any type of hazard
presenting significant risk based on
assessment, be it due to the
chemicals involved, the science
involved, the equipment involved, or
the environment where the work is
being performed.

Researching Risk Assessment
§ Recognize hazards – Using available
information from chemical labels, SDSs,
documented procedures, experiential
knowledge.
§ Assess risk – Evaluate the hazards and
potential for unwanted events using
authoritative chemical properties and
safety information.
§ Minimize risk – Implement hazard
prevention and risk management
strategies into operating procedures.
§ Prepare for Emergencies – Plan for
contingencies to mitigate the effects of
any exposure or damage that could
occur.

Communicate the Risk from High Hazard
Chemicals Using GHS

Specifically Consider Hazards from
All Sources

(NCarbon + NOxygen)
/ NNitrogen ≥ 3
https://ehs.stanford.edu/reference/
information-azide-compounds

§ Elevated pressure or temperature where apparatus or
conditions could reasonably lead to a fire, explosion,
or loss of containment
§ Oxygen at greater than 25% or oxygen/fuel mixtures
which are ignitable
§ Compounds with a C:N ratio less than 5 carbons per
nitrogen (e.g. pentaerythritol tetraazide)
§ Oxidations of organic molecules, particularly at
elevated temperature and/or gram scale or greater
§ Processes with high exothermicity that could lead to a
run-away reaction
§ Processes in which the energetics of scalability are
insufficiently defined or require special cooling
§ The addition of complexity (e.g., biological pathogens,
radiation, nanoparticles, etc.) into the research

https://www.slideshare.net/BobvanWoezik/b-vanwoezikrunaway-and-thermally-safe-operation-of-a-nitricacid-oxidation-in-a-semibatch-reactor

Assessing Risk in Local Context
Risk is the probability that a hazard will result in an
adverse consequence, in any given situation:
Risk Rating (RR) = Probability of Occurrence (OV) x
Severity of Consequences Value (CV)

RESOURCES (SAMPLE):
§ ACS Chemical and Laboratory Safety – acs.org/safety
(Safety in Academic Chemistry Laboratories, Identifying
and Evaluating Hazards in Research Laboratories)
§ National Research Council – Prudent Practices in the
Laboratory: Handling and Management of Chemical
Hazards
§ National Library of Medicine, National Institutes of
Health (PubChem Laboratory Chemical Safety
Summaries, ToxNet, Hazardous Substances Databank)
§ National Oceanic and Atmospheric Administration –
Computer-Aided Management of Emergency
Operations (CAMEO)

https://safety.unimelb.edu.au/incident-reporting/incident-reporting-risk-matrix

§ Urben, P. G. Bretherick’s Handbook of Reactive
Chemical Hazards, 8th Edition (2017)

Minimizing Risk
EXAMPLE CONTROL STRATEGIES:

• Eliminate: different methodology
(e.g., ball milling vs. solvent-based
extraction)
• Substitution: less hazardous solvent
(e.g., lower flammability, lower
toxicity)
• Engineering: fume hood, correct
equipment (e.g., cannula transfer)
• Administrative: regular lab
procedures (e.g., SOPs)
• PPE: correct gloves (based on
chemical resistance*)
The National Institute for Occupational Safety and Health (NIOSH),
https://www.cdc.gov/niosh/topics/hierarchy/default.html

* https://eta-safety.lbl.gov/doc/vwr-glove-chemical-resistance-chart

Preparing for Emergencies
§ A risk assessment process can help
zero in on places in the procedure
where loss of control could result in
significant danger and what
mitigation options could be most
effective in reducing chance of
harm.
§ Preparing for the potential of
emergencies can provide direction
and focus for appropriate response
should unanticipated circumstances
arise.
https://www.chapman.edu/wilkinson/research-centers/babbie-center/surveyamerican-fears.aspx

Integration of Hazard Identification, Evaluation,
and Control with the Scientific Method
Prepare for Emergencies

Minimize Risks
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Adapted from: Identifying and Evaluating Hazards in Research Laboratories

Recognize Hazards

Assess Risks

General Information Checklist –
Safety Summary Statement
√

Names and CAS Registry Numbers of compounds and substances used or generated in the experiment that are of notable
hazard, including products, intermediates, solvents, catalysts, etc. (e.g., substances in the categories listed in Table 1)

√

GHS hazard communication elements for the hazardous compounds noted, including symbol, signal word, hazard
statement, code and category, as provided by the manufacturer

√

Note novel compounds, or closely related known analogs that have had incidents reported, and assume highest
precaution based on active functional groups

√

Note concentration of reagents and scale of the experiment for the specific procedure used (i.e., do you know the upper
limits for scale of your specific procedure)

√

Note experimental conditions and process parameters necessary to maintain control of the reaction with highly reactive
materials (e.g., temperature or pressure control)

√

Note laboratory equipment used to safely handle particularly hazardous compounds (e.g., cannula transfer procedure)

√

Note appropriate mitigation strategies required beyond basic PPE (e.g., face shield, glove box)

√

Note appropriate emergency equipment needed beyond standard laboratory equipment (e.g., metal fire suppressant)

√

Note any modifications to equipment which could result in increased risk (e.g., electrical modifications)

√

Note any additional laboratory or facility requirements (e.g., biohazardous or radioactive control laboratories)

Safety Summaries
Examples

Examples - Research
“TMSN3 was transferred from the commercial container to a
pressure bomb excluding air and moisture. In laboratory scale,
TMSN3 was always handled in a ventilated enclosure (fume hood)
to prevent exposure to HN3 vapors. On kilogram scale, handling
of TMSN3 was done using double gloves (inner-nitrile surgical
style, outer-silvershield), a silvershield apron, and a supplied air
respirator.”
González-Bobes, F.; Kopp, N.; Li, L.; Deerberg, J.; Sharma, P.; Leung, S.; Davies, M.; Bush, J.; Hammand, J.; Hrytsak,
M. Scale-up of Azide Chemistry: A Case Study. Org. Process Res. Dev. 2012, 16, 2055.

Examples - Research
“Caution! tert-Butylithium is extremely pyrophoric and must not
be allowed to come into contact with the atmosphere. This
reagent should only be handled by individuals trained in its
proper and safe use. It is recommended that transfers be carried
out by using a 20-mL or smaller glass syringe filled to no more
than 2/3 capacity, or by cannula. For a discussion of procedures
for handling air-sensitive reagents, see Aldrich Technical Bulletin
AL-134. [Note added August 2009].”
Busacca, C. A.; Eriksson, M. C.; Haddad, N.; Han, S. H.; Lorenz, J. C.; Qu, B.; Zeng, X.; Senanayake, C. H. Practical Synthesis of Ditert-Butyl-Phosphinoferrocene. Org. Synth. 2013, 90, 316-326. DOI: 10.15227/orgsyn.090.0316.
http://www.orgsyn.org/demo.aspx?prep=v90p0316

Example – Teaching Audience
§ [hold for new flame test paper in JCE, good hazard statement….]
§ [https://doi.org/10.1021/acs.jchemed.8b01010]
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