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Reviewing the methanol fire scenario
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Replacing the Hazard ...
Engineering Controls: Fume Hood? e

Training and Oversight

Personal Protective Equipment

Figure 3. Methanol igniting on the day of the incident®



Are we doing better 8 years later?

Recent demonstration

methanol fires:
1. New York City, January 2014
2. Reno, Nevada, September 2014

3. Denver, Colorado,
September 2014

Raymond, lllinois, October, 2014
Chicago, November, 2014
Tallahassee, Florida, May 2015

Washington, DC,
October 30, 2015
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The Challenge of Risk Assessment:
Multiple Levels of Judgment

Individual Expertise

Unmmm
Right Imuzion

/ m \ Raght Analysis

Corscious
Incompetence Wrong Analpus

Wiong station

Review Required

Hierarchy of Competence

|dentifying and Evaluating
Hazards in Research
Laboratories

How Critical Is the Judgment?

High
Difficulty/Criticality .
Judgments require

rigorous use of the model:
Decisions made in days

Moderate

Difficulty/Criticality Judgments require

consideration of the model:
Decisions made in hours

Low Judgments require

Difficulty/Criticality common sense:
Decisions made in minutes/seconds

Guidance for Chartered
Accountants (CAs) in a Global
Economy




The Resulting Requirement:
NFPA 45 Chapter 12, 2015

Instructor Responsibilities

1. Documented hazard risk
assessment

2. Safety briefing for students prior to
the start of each experiment to
review the hazards of the
chemicals used, the PPE required
for the experiment, and review
emergency procedures.

3. The Big Deal: These requirements
are protocol specific, not a generic
set of rules for lab classes

HEY KIDS,
WATCH THIS




The Scope of NFPA Requirement

 3.3.13 Educational Laboratory Unit.
...students through the twelfth grade...

« 3.3.31 Instructional Laboratory Unit.

...education past the 12th grade and before post-college
graduate-level instruction ...Experiments and tests conducted in
instructional laboratory units are under the direct supervision of an
Instructor .

« Laboratory units used for graduate or post-graduate research
are not to be considered instructional laboratory units.

* Instructor includes science teachers, assistant or associate
professors, lecturers, substitute teachers, and teaching assistants

mn

NFPA’



An Artist's Rendering of the Change

B

HOW TO DO A LAB DEMO SAFELY In response to recent accidents in the classroom, here is a guide for
or involving open flames, fire, or the use of flammable, reactive, toxic, or

Unsafe Science

By Andrew Minister, P.E

corrosive chemicals.
Preparing for demos or experiments:

So how do we
move from A to B?

Risk Assessment




Current Chemical
Risk Assessment Education

Caveat emptor: Chemistry textbooks and
LAB SAFETY RULES

laboratory manuals provide a overview of ar.av.sm-«::—m
generic rules, followed by "see the MSDS". A
For example, Wikipedia provides links to = ...o..v..,m....,

random MSDS sources; Linkrot is a serious -'-m..:m:a..wmw

mwudou.

problem some sources are kaput, many are
dated.

Material Safety Data Sheet | edit]

The handling of this chemical may incur notable safety
precautions. It is highly recommended that you seek the Material
Safety Datasheet (MSDS) for this chemical from a reliable source
and follow its directions.

« Mallinckrodt Baker &
« Science Stuff&?




The RAMP approach to
Building a Lab Safety System

Developing a Chemical Safety
system involves addressing six
elements:

EHS Culture

Hazard Identification

Risk Assessment
Managing Safety

Planning for Emergencies
Protecting the Environment

o0k Wb~

Lab Safety iRAMP

Improved Safety Cultur

>

From Stuart and
McEwen. 2016




A Sample Procedure:

CO., Tracer Gas Process

Use fire extinguishers to raise CO, concentrations across
the lab and then measure its decay in different locations.




The RAMP for CO, Release

Recognize hazards: CO2 exposures,
noise, ergonomics, static electricity

The Lab Safety RAMP

Assess Risks (next page)
Manage Safety (next page)

Prepare for emergencies: monitor
CO2 concentrations, don't work alone

Protect the Environment: CO2 is
greener than solvents

Review Lessons Learned: improve
the management system



Assessing Risks: CO,concentrations

General outdoor environment
baseline: 400 ppm

Office spaces average between

600 and 800 ppm; comfort issues
occur over 1000 ppm

OSHA PEL.:
5000 ppm over 8 hours

Target for lab vent work:
10,000 ppm

NIOSH IDLH: 40,000 ppm

Target concentration is 10,000 ppm
for 5 minutes or less; we have hit
50,000 ppm

Atmospheric CO2
concentrations measured at

Mauna Loa Observatory from
1958 to 2015




The Safety Management System

For People:
~ +» CO, exposure: size the extinguisher(engineering)
* Noise: wear hearing protection (PPE)

 Electrostatic discharge:
put the extinguisher on the floor (training)

1. Ergonomics: use carts (engineering)

-
e
- ﬂ
)

* Gloves: in case the hose leaks (emergency
planning)

Organic class lab, For lab equipment and computers:

about 40 ACH * Dry Ice Spatter: Cover equipment to prevent dry

ice from landing on it (engineering)



CO, RAMP and Bowtie

Assessing general ventilation
effectiveness in the laboratory

The gosl of  lsboratory's general ventlation system is 1o control arborne contamnants below concentrs

tions of concern while maintaining & comfortable environment One cuncern whie

gemeral

mansg.ng
laboratory ventlation is how uaiformly the room is ventiated. We have observed that, depending on the
the

areas of a labors

of the room, there may be

ory that are less well-vencilaed than others. This factor mast be ascssed when assgning
m general ventlation rates for that
order to determine how effective general ventlation systems are in existing laboratorics on the Cornel

campus, we have measured the concentration decay rates of carbon dioxide at & variety of locations in the

room after ruising the CO; level across the room

sbove 10,000 parts per million. This paper describes the

reasons for this work, the method we use, and reports our observations about this spproach 1o swsessing
laboratory ventilation effectivencss.

By Ralph Stuart,
Ellen Swoot,
Aaron Batchelder

General laboratory ventilation relies
on dilution 10 prevent accumulation
of significant levels of volatile chemi
cals while providing temperature and
ador control 1o maintain a comfortable

tory ventilations is designed to control
small sources of volatle chemicals
from &

causing the emission) and emergencies
are not expected to be controlied by
the general ventilation syster. Labo-
ratory chemical hoods should be used
10 control large planned releases. whie
9iie ond ofher mmpacted simem

ventilaton represents the most energy
intensive aspect of laboratory opera.
tions. thereby creating sustamablty
concems for laboratory facilities. In &
previous aricle, we described how the
Comell University Laborat

Plan (LV! \IP bal

e 00 we ol suel quesdiles of
low hazard chemicals. More

cant emission sources (as ctl!n'nmﬂ‘.
by a risk assessment of the process

Ralph Stuart is affiliated with Depart
ment of Environmental Health and
Safety, Comell University, United
States (Tel.: +1 802 316 9571;

du).

tion
ances  selety and  susanablyy
concerns to define a lsboratory vent:
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A complicating factor in implement

process.” The key factors in the control

process are: chemistry being
performed in the laboratory. house
keeping practices by the lab occupants;
¢ the ventdation effectiveness with
in the laboratory. In this context, “ven

this concem
tion systems operate a1 three distinct
scales Shown in

e
Figure 1, these scales are

o air supplied and exhausted &t the
building wide level occurs at the
macroscale;

o air movement within the laboratory
room issell s t the mesoscale, and
o air movement in the area of 2 local
exhaust device, such as lehorstory

The iRAMP model for Lab Chemical Safety
(based on MY and Finster, 2016 and Stuart and McEwan, 2016)

Recognize Chemical Hazards
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Ellen Sweet is affiliated with Depart
ment of Environmental Health and
Safety, Comell University, United
States.

Aaron Batchelder is affiliated with De-
partment of Environmental Health
and Safety, Comell University, United
States.
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Hazard Risk
Assessment

Template available at
http://dchas.org/bcce2016/

Step 2: Identify Relevant Hazards
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Step 6: Barriers to Mitigate these
Consequences

From RAMP araryss
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Scope of this Discussion

* Included:
— Laboratories operating at OSHA "lab scale™

— Teaching labs in secondary or undergrad education
(and some research labs)

— Lab support includes faculty and staff who oversee
the work

* Not Included:

— People who rely on the name of the chemical to
determine the hazard (i.e. the public and emergency
responders)

— Complex research labs where process and hazards
evolve unpredictably

— Work with chemicals beyond OSHA lab scale




The Good News:
Lab Safety is a Creative Process

Safe Decision-Making '
rests on 4 elements:
Taxonomy

Situatio wareness
(adjustin nexpected) Creating
Analyzing
_ o
Remembering
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