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“If you want to become a chemist…you have 
to ruin your health. Who does not ruin his 

health by his studies, nowadays will not get 
anywhere in Chemistry”

(Liebig, to Kekulé, 1840s)

(supposedly)

Justus von Liebig
Founder of the modern Research Chemistry Laboratory

Creative Commons Licence

August Kekulé
One of the first PDFs in a modern Research 
Chemistry Laboratory
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Outline

• How did we get here?

• Lab accident statistics

• Contributing factors to lab accidents 

• Lab accidents in industry

• Safety training research – undergraduate labs and 
beyond

• Barriers to safety research

• What needs to change

• Where are we going?
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Who we are

• John Trant

– Assistant Professor of Bioorganic, Biomaterial, and 
Medicinal Chemistry, University of Windsor

– Research areas: drug design, cancer, auto-immune 
diseases, synthetic methodology, total synthesis, sugar 
chemistry 

• Dana Ménard

– Assistant Professor of Psychology, University of Windsor

– Research areas: great sex, representations of sex and 
sexuality in the media, mental health and wellbeing in 
science students, the Impostor Phenomenon, and stress 
and wellbeing in nurses working in hospitals during the 
pandemic 
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How did we get here?

• John appointed as co-chair of the safety committee (July 2016)

• Looking to develop empirically-supported safety training

• Lack of data regarding causes of lab accidents

• Lack of data regarding educational practices re. lab accidents

• Three (failed) attempts to secure funding to gather data

• Nature Chemistry article to spotlight issue: 28,000 downloads to 
date

• …followed by one more failure to secure funding

Ménard, A. D.; Trant, J. F., Nature Chemistry 2020, 12 (1), 17-25. 
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How big is the problem?

• In short – we don’t know
• No federal or provincial data (Canada)
• Limited data (US)

• Sheri Sangji’s death at UCLA in 2009

• Lab safety memorial wall: 36 deaths last 10 years 
(https://www.labsafety.org/memorial-wall)

• 120 accidents (2001-2017) reported to Chemical Safety and Hazard 
Investigation Board: 87 evacuations, 96 serious injuries, 3 deaths 
(Jorgensen, 2017)

• Issues with regulatory frameworks
– Regulations often don’t cover students, only employees
– Workplace Safety and Insurance Board: “The following individuals on unpaid 

placements are generally not learners and, consequently, are generally unable to 
qualify for WSIB coverage…. university and college students who as part of their 
program do unpaid research for the university or college”

Jorgensen, E. F., J. Chem. Health Saf. 2017, 24 (5), 38-43.

https://www.labsafety.org/memorial-wall
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How big is the problem?

• Survey by UCLA and Nature (Van Noorden, 2013)
– 2400 researchers (academic, industry, government)

– 30% had experienced or witnessed an accident severe enough to 
warrant attention from a medical professional

• Pilot at Ryerson U. (Ayi & Hon, 2018)
– Only Canadian data on lab accidents

– 58 lab personnel (chemistry and biochemistry labs)

– 15% had sustained at least one injury

• Development of safety scale (Jorgensen, 2017)
– 261 students and post-docs 

– 32.7% had been in an accident

• Undergraduate teaching labs (Sieloff et al., 2013)
– 12% current semester injury (cuts and burns), 22% current semester 

respiratory irritation

Van Noorden, R., Nature 2013, 493 (7430), 9-10.

Ayi, H.-R.; Hon, C.-Y., J. Chem. Health Saf. 2018, 25 (6), 6-12. 

Jorgensen, E. F., J. Chem. Health Saf. 2017, 24 (5), 38-43.

Sieloff, A. C.; Shendell, D. G.; Marshall, E. G.; Ohman-Strickland, P., J. Chem. Health Saf. 2013, 20 (5), 17-26. 
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How severe is the problem?

• Do injuries have lasting physical or emotional effects? 

• Are accidents associated with mental health symptoms?

• Depression, generalized anxiety, specific phobias, PTSD, 
alcohol/substance use

• Do mental health symptoms persist over time? 

• What are the impacts of witnessing an accident? 

• Does accident involvement impact academic career (e.g., 
dropout, program change?)

• What are the direct and indirect costs of accident occurrence?

**No research on mental health and accidents in academia**



9

Mental health and other industrial 
accidents

• Occupational accidents associated with depression, anxiety and 
PTSD (Chin et al., 2017; Lin et al., 2014) 

• Different symptoms from direct involvement vs. witnessing (Alden, 
Regambal & Laposa, 2008)

• Mental health concerns can contribute to involvement in 
occupational accidents (e.g., through difficulty concentrating, poor 
sleep) (Gärtner, Nieuwenhuijsen, van Dijk, & Sluiter, 2010)

• Accident incidence correlated with safety climate and reporting 
practices (Probst, Brubaker & Barsotti, 2008)

Alden, L. E.; Regambal, M. J.; Laposa, J. M., J. Anx. Disord. 2008, 22 (8), 1337-1346.

Gärtner, F. R.; Nieuwenhuijsen, K.; van Dijk, F. J. H.; Sluiter, J. K., Int. J. Nurs. Stud. 2010, 47 (8), 1047-1061.

Probst, T. M.; Barbaranelli, C.; Petitta, L., Work Stress 2013, 27 (4), 383-402.

Chin, W.-S.; Shiao, J. S.-C.; Liao, S.-C.; Kuo, C.-Y.; Chen, C.-C.; Guo, Y. L., Eur. Archiv. Psychiatry Clin. Neurosci. 2017, 267 (6), 507-516. 

Lin, K.-H.; Shiao, J. S.-C.; Guo, N.-W.; Liao, S.-C.; Kuo, C.-Y.; Hu, P.-Y.; Hsu, J.-H.; Hwang, Y.-H.; Guo, Y. L., J. Occ. Rehab. 2014, 24 (1), 1-10.
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Underreporting

• 25 - 38% of researchers in studies have experienced an accident but not 
reported it (Schröder et al., 2015; Sieloff et al., 2013; Simmons et al., 
2017)

– Anecdotal evidence suggests this might be much higher

• Social desirability: the tendency of respondents to answer questions in 
a manner that will be viewed favourably by others

• Research from outside chemistry 

– 29-81% of work-related injuries and illnesses are not reported 
(Tucker, Diekrager, Turner & Kelloway, 2014)

– Younger people, women(?) more likely to underreport workplace 
accidents

– Job insecurity associated with underreporting

– All aligns with the unique power dynamic in academia

Schröder, I.; Huang, D. Y. Q.; Ellis, O.; Gibson, J. H.; Wayne, N. L., J. Chem. Health Saf. 2015, 23 (1), 12-23.

Sieloff, A. C.; Shendell, D. G.; Marshall, E. G.; Ohman-Strickland, P., J. Chem. Health Saf. 2013, 20 (5), 17-26.

Simmons, H. E.; Matos, B.; Simpson, S. A., J. Chem. Health Saf. 2017, 24 (1), 21-28.

Tucker, S.; Diekrager, D.; Turner, N.; Kelloway, E. K., J. Safety Res. 2014, 50, 67-73. 
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Contributing factors

• Situational factors 
– time of day, day of week, use of PPE

• Individual 
– Age, gender, experience, training

• Lab group 
– size and composition, PI’s history of accidents

• Departmental 
– number of groups, departmental history of accidents

• University-wide 
– teaching-focused, research-focused

* No research on how any of these factors relate to lab 
accidents *
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Colorado epidemiological study

• Hellman, Savage & Keefe, 1986a and 1986b

• 13 institutions, 1966-1984

• 574 accidents

• 81% in teaching labs, 13% in research labs

• Victims: 17-22 years (48% of accidents), undergraduates 
(72%), men (73%); glass broken (55%) causing lacerations to 
hands

• Primarily 2-6pm, October and April

Hellman, M. A.; Savage, E. P.; Keefe, T. J., J. Chem. Educ. 1986, 63 (11), A267.
Hellman, M. A.; Savage, E. P.; Keefe, T. J., J. Chem. Ed. 1986, 63 (12), A290. 
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The Swiss cheese model of accidents

http://umich.edu/~safeche/swiss_cheese.html

http://umich.edu/~safeche/swiss_cheese.html
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Safety training research 
(undergraduate labs)

• Common approaches: handouts, didactics, safety 
databases, self-study programs, lab exams and quizzes

• Specific strategies: safety planning documents, black lights 
to demonstrate issues of lab cleanliness, scavenger hunts as 
a training strategy, student safety teams and personalized 
safety videos

• The “narcing” study (Shariff & Norazahar, 2012): 

– students reported on their peers’ safety behaviours (e.g., tieing
back long hair, buttoning lab coat, “horseplay” in the lab) 

– decrease in all problematic behaviours (except cell phone use)

Shariff, A. M.; Norazahar, N., Int. J. Chem. Environ. Eng. 2011, 2 (1), 51-55. 
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Adequacy of safety training 
(research labs)

• Schröder et al., 2015: 
– Researchers in academia (n=991), government (n=133) and 

industry (n=120)

– 70% received safety training but only 26% received it within the 
first 30 days of starting experiments

– 25% of researchers had not been trained in the specific hazard 
with which they worked

• Ayi & Hon, 2018: 
– 58 lab personnel (chemistry and biochemistry labs)

– 47% of participants did not know how often safety inspections 
were performed in their labs, 35% did not have access to data or 
records regarding their lab’s safety and whether or not it 
complied with legislated requirements

Schröder, I.; Huang, D. Y. Q.; Ellis, O.; Gibson, J. H.; Wayne, N. L., J. Chem. Health Saf. 2015, 23 (1), 12-23.

Ayi, H.-R.; Hon, C.-Y., J. Chem. Health Saf. 2018, 25 (6), 6-12.
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Enhancing research lab safety 

• University of Minnesota and Dow chemicals

– regular lab tours with reports to PIs and Laboratory Safety 
Officers (LSOs), the use of posters advertising PPE usage and 
Standard Operating Procedure-compliance, regular 
communication of safety updates via e-mails and website 
updates, a ‘cleanup’ week and training regimen for LSOs

– “Learning Experience Reports” (Kou et al. 2020) 

• Staehle et al., 2015

• twice-daily inspections by lab members, the use of discussions and quizzes 
during lab meetings and the use of an overnight reaction form75

• Huising & Silbey, 2013

– lab inspection teams, the registration of PIs’ labs on a database 
and completion of safety training courses

Kou, Y.; Peng, X.; Dingwell, C. E.; Reisbick, S. A.; Tonks, I. A.; Sitek, A. A., J. Chem. Ed. 2020. DOI: 10.1021/acs.jchemed.0c00133

Staehle, I. O.; Chung, T. S.; Stopin, A.; Vadehra, G. S.; Hsieh, S. I.; Gibson, J. H.; Garcia-Garibay, M. A., J. Chem. Educ. 2016, 93

(2), 217-222.

Huising, R.; Silbey, S. S., Ann. Am. Acad. Pol. Soc. Sci. 2013, 649 (1), 157-177.
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A brief digression on industry safety

• A much higher priority

• More positive attitudes?

• Key differences between industry and academia

– Legislation

– Productivity and the bottom line

– Insurance premiums

– Clear hierarchy

– Large-scale and repetitive processes

– Composition of workforce (permanent vs. temporary, language 
barriers and cultural practices)
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Issues with safety training research

• No research on how safety training  is provided in research 
labs

– Who does the training? When is it done? What is covered? How 
is it done? How often is it revisited? 

• No research on specifics

– “Kitchen sink” research

• Focus on attitudes, which may not be correlated with 
behaviour

– Meta-analysis of relationship between safety climate and safety 
performance

– 32 studies

– ρ = .22 for relationship between safety climate and accidents

– The influence of safety climate varies across settings
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More issues with safety training research

• Lack of pre/post measures

• Generalizeability unclear

– Lack of control groups 

– Lack of randomization

• Volunteer bias: people who volunteer to participate in 
studies are not necessarily representative of the general 
population

• Self-report data: what people say they do and what they 
actually do might be quite different (e.g., sleep research)

• Social desirability
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Attitudes toward safety

• General positive attitudes about safety culture
– 465 lab employees: ‘safety coaching’, ‘safety caring’ and ‘safety 

controlling’ at their institution rated highly (Wu et al., 2007)

– 85 academics: Positive attitudes about safety culture (Steward et al., 
2016)

– 58 lab personnel: safety is a high priority (Ayi & Hon, 2018)

– Academic, govt and industry researchers: 90% felt their lab was a safe 
place to work (Schröder et al., 2016)

However…

• Lack of risk assessments 
– Only 18% of academic researchers used risk assessment forms (Schroder 

et al.)

• Non-use of PPE
– 5% don’t wear gloves, 15% don’t wear lab coats, 24% don’t use eye 

protection

Wu, T.-C.; Liu, C.-W.; Lu, M.-C., J. Saf. Res. 2007, 38 (1), 91-102.

Steward, J. E.; Wilson, V. L.; Wang, W.-H., J. Chem. Health Saf. 2016, 23 (4), 4-12.

Ayi, H.-R.; Hon, C.-Y., J. Chem. Health Saf. 2018, 25 (6), 6-12.

Schröder, I.; Huang, D. Y. Q.; Ellis, O.; Gibson, J. H.; Wayne, N. L., J. Chem. Health Saf. 2015, 23 (1), 12-23.
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Cognitive biases and victim blaming

• Reports of Sheri Sangji’s death (shower)

• Hellman et al., 1986a:

– Interviews with chemistry educators

– “Accidents in academic chemistry laboratories happen because 
the students do not listen to or remember statements regarding 
safety, or they are simply careless.”

• “It’s easy to blame the individual and not consider why the 
person acted in this way” (Hill & Finster, 2013)

• Safety is just common sense? (Hendershot, 2011)

• Unsafe practices are naturally reinforced (Clarke, 2006)

– Convenience vs. low base rates

Hellman, M. A.; Savage, E. P.; Keefe, T. J., J. Chem. Educ. 1986, 63 (11), A267.

Hill, R. H.; Finster, D. C., J. Chem. Health Saf. 2013, 20 (5), 27-34. 

Hendershot, D. C., J. Chem. Health Saf. 2012, 19 (1), 35-36.

Clarke, S., J. Occup. Health Psychol. 2006, 11 (4), 315-327.
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“Academic freedom” and other BS

• Barriers to making safety improvements: 

• ‘time and hassle’, apathy, lack of understanding/knowledge of safety 
requirements, lack of leadership, lack of funding, disagreements about 
policies, inadequate training, competing priorities, focus on regulatory 
compliance (Van Noorden, 2013)

• Academic freedom: 15% of researchers believed that safety 
regulations interfered with productivity, and 23% believed 
that they impeded the scientific discovery process 
(Schröder et al., 2016)

• The problem of academic fiefdoms

• Scientific hero as “rebel” in the memoirs of scientists 
(Scherz, 2018)

Van Noorden, R., Nature 2013, 493 (7430), 9-10. 

Schröder, I.; Huang, D. Y. Q.; Ellis, O.; Gibson, J. H.; Wayne, N. L., J. Chem. Health Saf. 2016, 23 (1), 

12-23.

Scherz, P., J. Moral Educ. 2018, 47 (3), 304-315. 
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To summarize

• 15-30% of researchers have been in an accident or witnessed one
• Up to 80% don’t perform formal risk assessments
• Up to 25% don’t regularly use PPE
• Up to 50% did not receive safety training before they were 

allowed to carry out experiments

But…

• Most rate safety culture highly?

Conclusion: lackadaisical attitudes and slapdash practices towards 
safety have become normalized in academia (or even lauded)



24

Future projects

• Content analysis of safety guidelines literature

• Safety training research

– Undergraduate labs: 

• What do students claim they’ve learned versus what professors claim 
they’ve taught

• What is the connection between attitudes and observables?

– Research labs: 

• How were PIs trained? How does their personal history of accidents or 
near-misses relate to their beliefs around safety? 

• How are incoming students trained?

• How do groups defer from one another on safety culture and practices?
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More studies

• Intervention effectiveness studies

– Evaluating current practices (e.g., workshops)

– Designing and testing standardized safety training

• Longitudinal research in academia

– Following incoming cohorts of graduate students, identify 
impacts of accidents on mental health, functioning and career 
path
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Current project – please share!

• Survey currently open to Canadian chemistry/biochemistry 
students (undergraduate or graduate)

• Three main areas:

– Accident experiences (e.g., “Since you began doing academic 
research, have you ever been personally involved in a lab 
accident?)

– Reporting practices (e.g., “Did you report this accident?” To 
whom did you report this accident?”)

– Mental health impacts (e.g., depression, anxiety, stress, 
alcohol/substance use)

• Survey link: 
https://uwindsor.ca1.qualtrics.com/jfe/form/SV_efE4LgdN
QCJKGkB

https://uwindsor.ca1.qualtrics.com/jfe/form/SV_efE4LgdNQCJKGkB

