
Research Lab Safety: 
Hazard Evaluation 

and 
Heuristics



Overview

1. Why we care about lab safety
2. Brief review of Hazard Communication and Hazard 

Controls
3. How to evaluate a hazard
4. Preparing SOPs that reflect hazards
5. How it can break down
6. What to do if something goes wrong
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5. How it can break down is where heuristics comes in.

https://en.wikipedia.org/wiki/Laboratory_glassware
https://creativecommons.org/licenses/by-sa/3.0/


Lab Accidents in University Research Labs
• 1997 Dartmouth – Professor 

experimenting with methyl mercury 
absorbs compound through glove and dies 
of mercury poisoning

• 2008 UCLA – Post-Bac researcher died of 
injuries sustained while working with a 
pyrophoric liquid in laboratory

• 2010 Texas Tech – Graduate student lost 3 
fingers, had permanent eye damage, and 
sustained burns when compound he was 
working with exploded

• 2016 U of Hawaii – Postdoc lost arm and 
sustained burns when a compressed 
hydrogen oxygen mixture was ignited by a 
static spark



What do these accidents have in common?

• There was no formal hazard evaluation, i.e. written 
documentation, such as SOPs or JHAs.

• There was insufficient training or knowledge about the 
hazards.

• Previous near-misses were neither recorded nor learned 
from.

• In 3 out of 4 incidents, the physical hazards of the 
chemicals were not identified. 
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Physical hazards include things like fire, electrical hazards, compressed gases, and thermal burns (cryogenic and high temperature).



How to Identify Hazards of Chemicals – Read the Label

OHSA’s Hazard Communication Standard 
requires manufacturers of hazardous 
chemicals to  label their product with 
information that communicates the 
hazards:

1. Product identifier (name of chemical)
2. Signal word (such as 

“danger/warning/precaution”)
3. Hazard statement(s)
4. Precautionary statement(s)
5. Pictogram(s)
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The first step in evaluating and controlling hazards is to know what the hazards are. In the context of working in a lab, most of the hazards are associated with chemicals. To know the hazards a chemical poses, you must read the SDS and the label of the chemical.



Chemical Hazard Symbols/Pictograms

1. Explosive
2. Flammable
3. Oxidizer
4. Compressed Gas
5. Corrosive
6. Toxic
7. Irritant/Sensitizer or Acute toxicity or 

narcotic effect 
8. Health Hazard
9. Dangerous for Environment



How to Identify Hazards of Chemicals – Read the SDS

Section 2 of all SDSs contains more 
detailed information on the hazards 
of a chemical.
*NOTE* The GHS categories are as 
such:
Category 1 = Severe Hazard
Category 2 = Serious Hazard
Category 3 = Moderate Hazard
Category 4 = Slight Hazard
Category 5 = Minimal Hazard



Hazard Control Overview

Identify 
Hazard

Evaluate 
Risk

Control 
Hazard

Implement 
and 

Evaluate



How do you evaluate risk?
Ri

sk

Likelihood

Consequence 

Unknowns
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Examples:Volcanic Activity. The likelihood of a volcano is very low in New Mexico even if the consequences are quite large. There are some unknowns, but to the best of our current knowledge it does not pose a large risk. So do we implement control for this? No, not worth the time/cost given how unlikely it is. This would obviously change if we lived in Hawaii or another volcanically active area.Working at height. If you are working high up on a beam the hazard is falling. What is the likelihood, pretty high considering there are no guardrails or other controls besides PPE. Consequences of a fall? This depends on height but above six feet the chance of fatality rises quickly. Construction is in fact one of the most dangerous jobs in the US. Unknowns – weather, grip on surface. We control this hazard then by using PPE such as fall protection and administrative controls such as working carefully.Working with biological samples in the lab. Risk depends on the agent. We can say that the likelihood of a spill with no controls is pretty high. If we are working with something that is dangerous or we don’t know how dangerous it is, the risk becomes pretty high and we should implement controls, such as PPE, Biosafety Cabinets (engineering), and specific procedures (administrative) to preventPhotocredits:Gary Saldana – VolcanoJeriden Villgas – Construction photoRA-eng for lab photo



Example

You are a biologist working above the tree line during 
monsoon season. What is your risk?

What steps can you take to mitigate this risk/control 
this hazard?
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Remember Risk is the likelihood times the consequence of a hazard. Pika Photo by Diana Roberts on Unsplash



Controlling Hazards 

Hazards:  Lightening & Flooding

Can we eliminate them?  No

Is there a suitable substitute? Not applicable

Can we isolate ourself from the hazards? Yes, 
we can move to a location where the risk of 
lightening and flooding are lower

Can we change the way this research is 
conducted? Yes, we can alter our work 
schedule so that we aren’t working during 
monsoon season.

Will PPE protect us from the hazards? No



Hazard Control Example

You are using HPLC to measure different sterols 
extracted from corals. The HPLC protocol calls for 
the use of dichloromethane as an eluent.  

What are the hazards?
What are the risks?

Hazards: 
• Central nervous system toxin
• May cause organ damage through prolonged exposure

Risks:
• If you conduct the HPLC process regularly, your risk of 

exposure will rise.
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Your risk is then dependent on what process you use. Improper use of this chemical could be very risky. You should carefully evaluate your process to minimize exposure. 



Hazard Control Example

Elimination –

Substitution –

Engineering Controls –

Administrative Controls –

PPE –



Hazard Control Example

Elimination – Probably not possible. A solvent 
required for elution off-column. 

Substitution – Some substitute solvents that are 
less toxic are available. Worth investigating.

Engineering Controls – Open only in a fume hood. 
Use lid with small tubing to keep bottle sealed.

Administrative Controls – Written standard 
operating procedures and spill clean-up protocols 
in place.

PPE – Gloves, goggles, lab coat.



Hazard Control Essential -- SOPs 

• A Standard Operating Procedure (SOP) 
is a set of written instructions that 
document a routine or repetitive 
activity followed by an organization.

• SOPs should be prepared by 
individuals with expert knowledge of 
the process or activity (the PI, lab 
manager or supervisor).

• SOPs should be written in a concise, 
step-by-step, easy to read format.

• A good SOP will include a Job Hazard 
Analysis (JHA).



SOPs + JHAs = Ideal

A JHA is an exercise in detective 
work in which the goal is to 
determine:

1. What can go wrong?
2. What are the consequences?
3. How could it arise?
4. Contributing factors?
5. Likelihood hazard will occur?

Once identified, hazards can be 
eliminated or mitigated with 
engineering and administrative 
controls.



JHA Example



SOPs + JHAs +Heuristics = Not Ideal

Heuristics is a problem-solving technique that employs a practical (vs. scientific) method 
that is not guaranteed to be optimal, perfect or rational but is sufficient for reaching a 
“good enough” conclusion. 

Examples of heuristic techniques include:

• Trial and error
• Rule of thumb
• Educated guess
• Familiarity heuristic
• Affect heuristic

Heuristics can also be thought of as “mental shortcuts”. They are useful in certain 
situations but not usually in the laboratory.



Heuristics in the Laboratory

Examples of heuristics in the lab include:

• Familiarity heuristic:  You are rushing to finish setting up the HPLC process. You 
have set it up dozens of times with no problems. You skip putting on goggles 
because you’ve never ever splashed DCM in your eyes. You pour the DCM into a 
beaker and a couple of drops splash into your face and eyes. 

• Affect heuristic:  After splashing DCM in your face and eyes, you use the eyewash 
station to rinse your eyes. They stop burning after 2 minutes and you make a gut 
decision to stop rinsing at that moment instead of continuing to rinse for the 
recommended 15 minutes. Within a few hours, your eyes are red and swollen 
and you end up having to go to EOHS for medical treatment.



How to Overcome Heuristics in the Lab

• Use and abide by the SOPs and JHAs.

• Budget plenty of time to finish a task 
or process – do not rush.

• Do not make assumptions.

• Do not “go with your gut” when 
making decisions.

• Think critically about the hazards of 
your work.



What to do when things go wrong

1. Prepare for the worst

• Have an idea of what the worst 
case scenario is for the hazardous 
processes, activities and/or 
materials you work with

• Use the internet to research 
incidents and accidents that have 
occurred in laboratories that 
perform similar processes



What to do when things go wrong

2. Create an Emergency Plan that 
includes:

• Who to call (PI, UNM Police, 911)

• Location of emergency equipment 
(spill kits, first aid kits, fire 
extinguisher, safety shower, 
eyewash)

• Where to go for medical 
treatment



What to do when things go wrong

3. Report near-misses

• An unreported near-miss is a 
missed opportunity to learn from 
a mistake

• Being able to scrutinize a near-
miss can ensure that future 
incidents are avoided
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Questions?

Environmental Health & Safety – 505-277-2753 or 
www.ehs.unm.edu

http://www.ehs.unm.edu/
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