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Recent Incidents at JHU

H2S exposure/Bloomberg
® Materials synthesis

Fire/AML/Wyman Park

1. What similarities do these incidents have?
* Laser cutter/foamcore 2. What might have prevented the incidents?

L .
Exotic needlestick/Remsen 3. What caused the incidents”

® Needle blow-off

Liquid N2 exposure/Remsen

® Replacing Dewar on Schlenk line trap
Glassware serious injury/Croft

® Catching a dropped beaker


Presenter
Presentation Notes
Lessons learned:
Assume that things are dangerous until proven otherwise. Researcher was not expecting H2S in glovebox, cycled out without pumping down antechamber.
Practice for emergencies. Students experiencing the fire responded inappropriately, despite training and signage on what to do.
Don’t use equipment for unintended purposes without thought. Researcher had Luer-slip needle jury-rigged into tubing attached to gas cylinder: turned on gas, needle shot off, lodged in arm.
Use appropriate personal protective equipment. Researcher was using nitrile exam gloves for LN handling.
Handle glassware with care—use dishwashing gloves and consider cut-resistant gloves under that. Researcher sustained cut tendon with accompanying surgery and rehab.


Safety classes at JHU

® Formal

® EN.500.601 (1cr): Research Laboratory Safety

® EN.540.490 (1cr): Intro to Chemical Process Safety
® |nformal

® Pretty much any topic

® Currently developing Cryogen Safety seminar


Presenter
Presentation Notes
“Any topic,” that is, provided I’ve got enough lead time.
Other topics I’ve done: compressed gas safety, peroxidizable organic compounds, lab glassware handling
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Use the color code rating system below with the chart at right to determine the

chemical compatibility for incidental exposure.

The results for this specific chemical suggest that the glove
would provide an adequate barrier for use in most applications.

The results require additional consideration to determine
suitability for use.

Not recommended for use.

A glove/chemical combination receives a GREEN

rating if:

* The permeation breakthrough time is excellent
or good and the chemical has high volatility.
OR

* The permeation breakthrough time is excellent
and the chemical has low volatility.

A glove/chemical combination receives a

rating if:

= Any glove/chemical combination does not
meet either set of conditions required for
a GREEN or RED rating.

A glove/chemical combination receives a RED
rating if:
* The permeation breakthrough time is poor and

the chemical has low volatility.

OR

* The permeation breakthrough time is not
recommended and the chemical has either
high or low volatility.

Chemical Name

Acetaldehyde

KIMBERLY-CLARK" Nitrile Glove Chemical Resistance Guide |

Permeation Time
{minutes)
ASTM F739-394

Pemeation Rate

pa/cm’/min)

ASTM F739-934

Concentration

Acetic Acid 5 482
Acetona 1 466 5%
Acetonirile: 1 = %
Acrylc Acd 1 578 9%
Ammonum Hydroxide 7 3% 0%
Amyl Acetate 4 261 9%
Analine 1 747 99 5%
Benzaldehyde 18 057 9955
Benzene <1 827 99.8%
Benzyl Alcohal .5 5&& ]
n-Butanol 10 59 8%
Butyl Acetate 3 2313 9%
Carbon Disuffide 2 381 %
Carbon Tetrachioride 5 433 99.5%
Chioroform 1 358 99’
Caric Acid >480 Mot Detected E‘
Eftln?_1_|:—_r.:f._§ =480 N:T. Detected 9NI1%
Cyclohexanal 12 1.18 uo%
Cyclohaxanone 1 T87 99.8%
d-Limonene 107 0157 e
n-Dibutyl Phthalate =480 Not Detected 9%
1,2-Dichlombenzene <1 1m £ ]
_[i;[!'ﬁalmemml:- 1 2006 9‘99”.
Diesel Fusl, miture 180 063 M ture
Diethyl Ether 1 595 95.9%
Digthylaming <1 587 H5%
Di-tsobutyl Ketone 10 1141 8%
Dimethyl Sulfoxide 8 501 99.90%
Dibuiyl Phthalate 480 Mot D etected e
1,4-Dixans a 07 99.4%
Ethanol 7 296 995+ %
Ethanolamine =480 NotDetected 9%
Ethidium Bromide 90 0.68
Ethylene Giycol A8 Mot D etecied 9E%
Formaldehyde 1o 0172 s
Formic Acid B 0554 B%
_2- F u_l_:ud ehyde <l ﬂ E_ __9‘.1‘1;
Glutaraldshyde 480 Mot Detected 5%
n-Hexana 16 e

55.3
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K-C nitrile exam glove test results
Very simple: Each glove-chemical combination gets a color—
Green=OK; Yellow=be careful; Red=don’t use.
It’s not this simple. The RYG system is somewhat misleading.


What we’ll cover

® Why it's not so simple—the complications
® How to determine which glove to use

® Concerns for which to watch out



Why choosing gloves
IS hard



Chemical resistance of
gloves depends on:

Chemical properties

¢ |dentity
® Concentration

Glove properties

®* Material

® Thickness

¢ Surface quality
® Overall quality

Material properties

® Breakthrough time
® Permeation rate
® Physical resilience

Permeation Time Pemmeation Rate
Chemical Name (minutes) (pg/cm’/min} Concentration
ASTM F739-93A

Acetaldehyde

Acetic Acid

Acetone

Acetonitnle

Acrylic Acd
Ammonium Hydrooode

Amyl Acetate

| 'II =
Analine T T4l

Benzraldehyde

Butyl Acetate

Carbon Disulfide

Carbon Tetrachlonde

L hlorof orm

Citric Acid =48] Mot Detected
Cyclohexane =48] Mot Detected

Cyclohexano 1.18

Mode of use

® Possible contact
® Mechanical abuse
® Motion/flexing

Color Code
Rating

Kimberly-Clark, Inc.
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Presentation Notes
Glove chemical resistance depends on a variety of factors. We’ll take these in turn.


Chemical identity

Recommended material(s)

GLOVE SELECTION INDEX

Glove selection is based on a modified presentation of the:
“Fersberg Clothing Performance Index".

The effect(s) of the following substance(s) are taken into account in the
computer-generated selection:

ACETONITRILE
Material
BUTYL
BUTYLMEOPREME

® Manufacturers test a limited

PE/EVAL/PE

number of chemicals against

. SARANEX-23
their gloves.
TEFLOM
NATURAL RUEBER

®* ChemWatch Gold SDSs have

NITRILE

com p Ute - p fe d | Cte d “g I ove VITON/NEOPRENE

* CPI - Chemwatch Performance Index

1 1 ”n A: Best Selection
S e I e Ctl O n I n d eX . B: Satisfac:::n:; ’m:-n,r degrade after 4 hours continuous immersion

mm > = @ @ =

o 0 0

9]

C: Poor to Dangerous Choice for other than short term immersion

MOTE: As a series of factors will influence the actual performance of the glove,
a final selection must be based on detailed observation. -

* Where the glove is to be used on a short term, casual or infrequent basis,
factors such as "feel” or convenience (e.g. disposability), may dictate a choice
of gloves which might otherwise be unsuitable following long-term or frequent
use. A qualified practitioner should be consulted.

ChemWatch SDS for acetonitrile


Presenter
Presentation Notes
It’s impossible to test every chemical, so manufacturers test two things: the most common chemicals in use for the design use case of the glove (e.g., oil for automotive work gloves), and other things for which good customers specifically ask.
Note the big disclaimer at the bottom of the ChemWatch SDS for acetonitrile.


Concentration

Permeation Time Pemeation Rate
Chemical Name (minutes) (pg/c’/min) Concentration
ASTM F733-33A ASTM F739-334

Acetaldehyde 4

Color Code
Rating

Acetc Acid 5
Acetone

Acetoninle

1
® Not every concentration is  |ges ]
teSted . Ammonium Hydroxide j

.:;-:II:ZE"WHE 18
® Some gloves good at low  |E===

Benzyl Alcoho

concentration fall apart at i
hlgher Concentratlonsl Butyl Acetate

Carbon Disulfide
Carbon Tetrachlonde

L:hlorof orm

Caric Acid Mot Detected

Cyclohexane =480 Mot Detected

C VCIDNEXanD 1.18

Kimberly-Clark, Inc.


Presenter
Presentation Notes
There is an infinite continuum of concentrations, so one can’t test them all.
Severe glove damage (to the wrong glove) is particularly common when using oxidizing chemicals like hydrogen peroxide and concentrated sulfuric acid.


Glove material

®* Many different materials used

® Same material may be different
between manufacturers or even
models of glove!

Lab Depot, Inc.

® Do not trust glove chemical
resistance data for other gloves.


Presenter
Presentation Notes
Different grades of polymer may be used by different manufacturers or even the same manufacturer in different grades of glove.
It is important to have specific data for the glove you’re using, not just any glove. This is why the ChemWatch tables aren’t quite as useful as you might think.


Glove thickness

® Thicker material resists
chemicals longer—usually.

® Thicker material means
less dexterity.



Presenter
Presentation Notes
Sometimes differences in manufacturing can violate this assumption. Trust only data.
When using thicker gloves, it can be necessary to plan your work carefully to allow for lower dexterity. This is not a reason to switch to exam gloves!


Surface quality



Presenter
Presentation Notes
Electron microscope pictures of nitrile gloves:
Top: New glove surface of well-manufactured glove
Bottom: Surface of old glove
Right: Microscopic defect/pore in poorly-manufactured glove
These defects are not visible to the naked eye.

http://EagleProtect.com

Glove gquality

® Cheap gloves are cheap
for a reason.



Presenter
Presentation Notes
For example, in foodservice applications, vinyl gloves are about 50% cheaper than nitrile. They also fail so much more often that they are actually 25% more expensive per usable glove. Fully half the vinyl gloves failed in-use, 10x the failure rate of nitrile.

http://EagleProtect.com

Breakthrough time

Chemical name CAS number TTL  INT TTL INT TTL INT TTL INT TTL INT TTL N TTL

Battery Acid | 70% 7664-93-9

Battery Acid | 47% 7664-93-9

Battery Acid 7664-93-9 N N N N N

@E
mjoo
Sulfuric Acid | 70% 7664-93-9 120
]

Sulfuric Acid 7664-93-9

'.

Sulfuric Acid | 96% 7664-93-9 N N N N NT

Sulfuric Acid | 47% 7664-93-9

Breakthrough time is the amount of time it takes for the first molecule of chemical to
penetrate the glove.

Showa/Best Gloves


Presenter
Presentation Notes
Figure is from chemrest.com, an online glove selector for Showa/Best branded gloves. “TTL” columns are total immersion in chemical, “INT” are intermittent exposure. “>480” means the breakthrough time was greater than 480 minutes. “NT” means “not tested.” If you think about it, you want a glove with a breakthrough time more than the time you’ll be wearing the glove.


Permeation rate

Permeation Time Pemeation Rate
Chemical Name minutes) {pg/cnr/min} Concentration
ASTM F733-334

Acetaldehyde <1

Color Code
Rating

Acetic Acid
Acetone

¥
Acetonitnle

Acrylic Acid

Amyl Acetate

5
1
1
1
Ammonium Hydroxide L
1
7

Analine
Benzaldehyde T8
Benzene . z1
Benzyl Alcoho | 5
n-Butano 10
Buty Acetate
Carbon Disulide
Carbon Tetrachlonde
Chlorof orm
. Citric Acid | =480 . Mot Detected
Cyclohexane | =480 | Mot Detected

Cyclohexano Fi 1.18

Kimberly-Clark, Inc.

Permeation rate is the steady-state rate at which chemical
IS transported through the glove material.


Presenter
Presentation Notes
“Permeation time”=breakthrough time as we just studied.
Permeation rate is measured in pg/cm^2/min. This means that for a Purple Nitrile glove, acetonitrile permeates it in 1 minute at a rate of 329 pg/cm^2 of glove surface exposed. This doesn’t look like a lot, but if the chemical is very toxic (dimethylmercury), the contact is large (immersion), or the exposure is long, it adds up.


Glove resilience

® Glove materials degrade
with chemical contact.



Presenter
Presentation Notes
Figure is a latex glove. Left side is virgin glove, right is styrene-swelled. Solvent-swelling is a common failure mode—it opens/widens pores, weakens the material, and decreases the breakthrough time/increases the permeation rate.


Possible contact

® Direct chemical iImmersion
® |ntermittent chemical contact

® Chemical splash contact


Presenter
Presentation Notes
Remember the total-immersion and intermittent-exposure tests done by ChemRest? These are two critically-different applications. Chemical splash is a third—you may be able to tolerate short breakthrough times if you will be able to detect the exposure and change gloves. If not, treat as direct immersion or intermittent contact, depending on how volatile the chemical is.


Mechanical abuse

® Sharps-handling can put invisible holes in gloves

® Wearing too small a size can stress the glove


Presenter
Presentation Notes
If you wear too small a size, the breakthrough time is likely reduced.


Motion/flexing

® Even just flexing your hand degrades the glove performance


Presenter
Presentation Notes
In the vinyl-versus-nitrile foodservice study, flexing the hand increased the failure rate of nitrile gloves 30% and of vinyl gloves 100%.


What glove to use?



Always

® Choose BT > 3 x (the time you’ll wear the glove)


Presenter
Presentation Notes
Breakthrough time is really the key variable, not permeation rate.


Direct chemical immersion

® No exam gloves
® Choose as long a BT as available

® Discard before BT reached


Presenter
Presentation Notes
For continuous or semi-continuous direct contact: exam gloves don’t work.
Example: dipping samples in a beaker of solvent—your fingers go into the chemical repeatedly and more or less continuously.
Don’t re-use the gloves, even if they’re reusable. In this app, glove material becomes saturated with chemical.


Intermittent contact

® Choose BT based on work time

® Sometimes can use shorter BT If PR Is low relative to
chemical toxicity—ask an industrial hygienist


Presenter
Presentation Notes
Example: washing microscope slides in solvent while hand-holding them.
Could move away from needing more expensive gloves by using a fixture or tool to hold the slides. Forceps would work in this case, but we also could make a special-purpose fixture using 3-D printing.


Splash contact

® Very toxic substances
® Double-glove
® Engineer experiment to minimize contact
¢ Will you know you’re splashed?
® YES: Shorter BT is tolerable
* NO:
® Choose BT > 3 x (work time)

® |nspect gloves after use and discard if signs of contact


Presenter
Presentation Notes
Very toxic=GHS 1 or 2 in any category except inhalation—refer to SDS.
Example: NMP—dissolves most gloves. Neoprene best, but even then only good for incidental contact. Build a machine to dunk your samples, don’t use fingers.
Inspecting gloves—looking for discoloration, swelling


Special concerns



Cheap gloves

® Often contain fillers like CaCOs
® These can improve properties in some cases

® Excess filler hastens degradation, though



Latex gloves are not the only gloves
that cause allergic reactions

® Carbamates and thiazoles used in latex, nitrile, vinyl can
be allergens

® Anaphylactic shock reactions have occurred



“Powder-free” gloves are not
necessarily clean

® Processes to remove powder can leave residual
chemicals



DO NOT TRUST
another manufacturer’'s data

® There are several ways to process a glove
® These produce different BT, PR, resilience

® Fillers differ, surface treatments differ, and base polymer
differs



BT/PR vary widely from lab
to field

® Vinyl gloves often have so much plasticizer that they begin
leaking Immediately upon donning

® Quality issues like microscopic pores and surface
Imperfections In nitrile gloves are often not visible

® BT can drop 31% with movement like pipetting, so use a
3x safety factor



What we covered

® Why it's not so simple—the complications
® How to determine which glove to use

® Concerns for which to watch out



Thanks for listening!

| would be glad to take any questions now.

JOHNS HOPKINS



Close calls

®* “Almost-accidents:” no injury or property damage
(including business interruption)

® Report close calls to

® Close calls lead to incidents


Presenter
Presentation Notes
Incident pyramid:
Base: 	at-risk behaviors (unknown quantity)
		close calls (600)
		property-damage injuries (50)
		injuries (10)
		SIFs (1)
Numbers approximate, based on study across many industries
My close-call story involves pressurized equipment that threw off a part—when nobody was in the lab.

mailto:closecalls@jhu.edu

Tell your close-call story

What happened?
Was it really a close call or was it an incident?

What could have happened?

What were the causes?
How could you prevent future occurrences?

Were there higher-level things to address?


Presenter
Presentation Notes
By “higher-level things” I mean causes whose elimination would prevent entire classes of incident, not just the specific close call? Example would be training and procedures for tasks that must be done just so.
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