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Principles and Concepts
of Laboratory Ventilation
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« Administrative controls &
Operational work practices

- Personal protective
equipment
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Engineering Controls

Change the process
¢ Eliminate the hazard
Substitution
* Non-hazardous substance for hazardous
» Trichloroethlyene for carbon tetrachloride
¢ Toluene for benzene
Isolate or enclose
» Process or worker
* Barrier
Ventilation
« Dilution (general ventilation - not good)
¢ Local Exhaust Ventilation (LEV)
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- Keep gas /vapor concentration below OEL

- Air movement to reduce heat stress

« Keep toxic contaminants below OEL

« Confined space entry

« Limit CO, buildup

« Control clean room or hospital
environments

Uses of Ventilation

OEL = Occupational Exposure Limit
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Limitations of Ventilation

EsP

May require large amounts of air (expensive)
Outdoor air may create problems
« Need tempering
 Heat, cool, dehumidify, humidify
e May be “contaminated”
System design
¢ Remove contaminate from breathing zone
« Insufficient air velocity or volume
Contaminant cleanup or discharge
Users need training
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Engineering Ventilation Controls

General dllution ventllation
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Local esthaust ventilation
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Use General Dilution Ventilation

EsP

*For Control of:
—Temperature
—Harmless Substances
—Nuisances
—Odors
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*Use Local Exhaust Ventilation (LEV)

m To enclose and contain
m When contaminant is toxic
m Employee works near the contamination

m When complete containment/enclosure is
not feasible

CSP 12
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Local Exhaust Ventilation
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m Enclose source
m Capture contaminant near source
m Keep contaminant out of breathing zone

m Provide adequate make-up air

LEV Principles

m Discharge away from air intake
- l5 P 14 .S" Chemical @

- Hood —includes any suction device,
regardless of shape, that encloses, captures
or removes contaminants.

. Dilution Ventilation — moves room air
around by a fan that is sometimes exhausted
to the outside.

- Local Ventilation (LEV) — ventilation system
that captures and removes emitted
contaminants.

Definitions
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% System Components

= Hood
= Duct Work

= Optional Air Cleaning
Devices

» Fan
= Discharge

CSP 16
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System Characteristics

Q=Q,+Q,

Q=VvA

Q = volumetric flow rate of air (m3/s)

v = velocity of air through an area (m/s)

Capture Hood | ) A
Conservation of Mass A = cross sectional area air flows through (m?)

Q=VA
Where:
Q = volumetric flow rate (m3/s)
v = velocity (m/s)
A = Cross Sectional Area (m?)
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Volumetric Flow Rate Flow Rate Example
Q = Duct diameter = 1 m Duct diameter = 0.5 m
v =600 m/s What is the duct velocity?
What is Q?
For circular ducts
A=xnd%4
Q=VA Q=VvA
Q = Volumetric Flow Rate, m3/s Q = (600 m/s)(n[1m]2/4) 471 m¥s = v (n[0.5m]2/4)
v = Average Velocity, m/s
A = Cross-sectional Area, m?2 Q=471m3/s Vv =2403 m/s
P4 P4
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System Losses

» Friction Loss
- Rougher surfaces lead to higher velocity
- FLoc LVZ/d
- FL units of pipe length

e Dynamic Loss

- Turbulence from elbows or cross-sectional area
changes or transition

- Turbulence at hood entry

» Coefficient of Entry “C.” measures efficiency of
hood entry

- DL increases with abruptness of elbow or transition
- DL units of equivalent pipe length or fraction of VP
* Pressure losses from system devices
- Fans, air cleaners, etc.
WP 4
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3¢ Local Exhaust Hoods
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Local Exhaust Hoods

A P = Hood perimeter

SLOT HOOD

CANOPY HOOD
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Special Purpose Hoods
Vented to the Outside
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Design Goals for Balance Enclosures

High level of containment

Stable balance readings

Ergonomic design, visibility,
comfort

Task specific flexibility

Energy efficient

- 2" enclosure = 100 CFM (0.047 m?3/s) air

-6’ hood = 1200 CFM (0.566 m3/s) air

- 1200 CFM (0.566 m3/s) = $5K/yr.

5 Chemical
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Engineering Controls

Local exhaust
ventilation
includes:

snorkels

30
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Engineering Controls

Local exhaust ventilation includes:
vented enclosures

Engineering Controls
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Local exhaust
includes:

special
containment
devices

(e.g. - glove boxes)




Local exhaust
includes:

special
containment
devices

(e.g. - isolation
chambers)
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Flow at Exit and Entry

, D = DUCT DIAMETER 30D
JET Vrace 30 Duct Diameters 0.1V¢ e

Capture of
contaminant is only
effective within one

(1) duct diameter
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Hood Capture Velocities

Equal Velocity Zones

% Hood Capture Velocity
~100%
~60%
~30%
~15%
~7.5%

Hood Diameter

e Chemical
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Hood Capture Velocities

Equal Velocity Zones

% Hood Capture Velocity
~100%

Hood Diameter
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*Recommended Capture Velocities

Design Duct Velocities

CONTAMINANT

EXAMPLES

DESIGN VELOCITY

(fpm, m/s)

Vapors, gases, smoke

Vapors, gases, smoke

1000 - 2000, 5.0 - 10.1

Fumes

Welding

2000 - 2500, 10.1 - 12.7

Very fine dust

Cotton lint

2500 - 3000, 12.7 - 15.2

Dry dusts & powders

Cotton dust

3000 - 4000, 15.2 - 20.3

Industrial dust

Grinding dust, limestone
dust

3500 - 4000, 17.8 - 20.3

Heavy dust

Sawdust, metal turnings

4000 - 4500, 20.3 - 22.9

Heavy/moist dusts

Lead dusts, cement dust

> 4500, > 22.9

CAPTURE VELOCITY
CONDITION EXAMPLES fom
(m/s)
No velocity, Evaporation from tanks, 50 - 100
Quiet air degreasers (0.25 - 0.5)
Low velocity, moderately | Spray booths, container 100 — 200
still air filling, welding, plating (0.5 -1.0)
Active generation into Spray painting (shallow 200 - 500
rapid air motion booths), crushers (1.0 - 2.5)
High initial velocity into Grinding, abrasive 500 — 2000
very rapid air motion blasting, tumbling (2.5-10.1)
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Capture Velocity

« Plain End Opening
- Flanged Opening

« Q = V(10X2 + A)
« Q = 0.75v(10X2 + A)

. Slot +Q=3.7LvX
- Flanged Slot +Q=26LvX
« Booth « Q=VvWH
- Canopy +Q=14PvX
X = distance in front of opening
L = Length W = Width H = Height
v = velocity A = Area Q = Quantity of air

EsP
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Plain Opening: Q =v (10X? + A)
Flanged Opening: Q =0.75v (10X? + A)

Hood Type Calculations

Q = Quantity of air (m3/s)

v = Velocity of air (m/s)

X = Distance from hood face to point of
contaminant generation (m)

A = Area (m?)
C .5 P n .S" Chemical @
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*"Hood Calculations: Example

Determine the air flow required to capture Trichloroethylene
vapor from a degreaser using a flanged slotted hood with
a4 cm slot, 1 m long, located on the back side of the dip
tank 0.5 m from the front edge.

Q =2.6LvX
Q =2.6(1 m)(0.5 m/s)(0.5 m)
Q =0.65m3/s
im The flanged slotted hood uses
Assume a capture much less air and it is probably
velocity of 0.5 m/s more effective overall.
- .5 P 3 3.'_ Chemical @

~ Hood Calculations: Example

Determine the air flow required to capture Trichloroethylene
vapor from a degreaser using a 30 cm diameter plain
end duct whose opening is 45 cm from the vapor source.

A =7 (30 cm/100)2 = 0.071m?
cm 4
30cm

Q=v (10X2 + A)

Assume acapture  Q = 0.5 m/s [(10 x 0.452) + 0.071 m?]
velocity = 0.5 m/s
Q = 0.5 m/s (2.096 m?) = 1.048 m?/s
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Fan Speed and Air Flow

Fan rated to deliver 5.0 m3/s of air running at 400 RPM.
If fan speed increases by 25% to 500 RPM, what is the
new air flow?

Q « RPM
Q,=Q; [%&/ﬂ

500
QZ =5 [400] =6.25 m3/s
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P Hood Exhaust
* Height

» Discharge velocity
» Configuration
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Engineering Controls:
Avoid Exhaust Recirculation

Hood
Exhaust

Air Intake

48
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Engineering Controls:

A8 . . )
i Avoid Exhaust Recirculation
High
Hazard
Hood
Exhaust
Air Intake
é;g 1o 10 _._:.s" Chemical @

Potential Issues

>

CSP

Insufficient air volume

Too much air flow 2
Wrong location ‘-
Wrong configuration

Bad hood design

Duct velocity too low

Insufficient make up air

Clogged system

Noise

s Chemical
50 B l:l

« Tom Smith, Exposure Control Technologies,
Cary NC USAhttp://www.labhoodpro.com/
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Laboratory Chemical Hoods:

How they work & when they don't.
BREAK

: o i o
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3> Improper Hood Use 2> Laboratory Chemical Hood

* Also called a fume hood or fume cupboard

» Designed to limit exposure to hazardous or
unpleasant aerosols

» First used by alchemists 500 years ago

% Chemical s
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Control Concept

EsP

SOURCE
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m Maximize Containment

m Minimize Contamination gb

m Redundancy is the Key

LEV Objectives

CSP 58
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LEV Implementation

EsP

Identify/Characterize Contaminant
Characterize Air Movement
Identify Alternative Controls
Choose Most Effective Control
Implement Control
Evaluate Control
Maintain Control

59

m Hood configuration (type of hood)

LEV Capture Ability

=
m Extent of enclosure

(e.g., glove boxes completely enclose)

m Air movement in hood
(smooth, laminar, non-turbulent)

CSP 60




Duct Design

m Provide adequate capture velocity
— Usually 80-120 fpm (0.4 - 0.6 m/s)

A

. K
m Maintain duct transport velocity

— For chemical laboratories ~ 2500 cfm
(1.2 m3/s)

CSP 61
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LEV Hood Design Requirements

m Capture emissions close to source.

m Move contamination away from
breathing zone.

m Consider existing air movement when
locating hood.

m Minimize air movement in source area.
m Should not interfere with work.

m Keep system balanced,

- i.e., equalize supply and
return air

- match airflows among L

Duct Design, cont’d.

manifolded hoods
m Minimize power consumption
- i.e., conserve energy
- save money

e o hitp://www.cif.rl.ac.
= 5 P s/Photo7/Air_duct_TA3.JPG 62
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Laboratory hoods and ventilation are the basis of engineering controls.

Laboratory Hoods

But they must be properly: selected, located, used, and maintained.

EsP
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Hood Location Requirements

As near to contamination source as possible
So contamination moves away from operator
Minimize cross-drafts

Don’t place near windows and doors

Don’t place near air conditioning/heater
diffuser

Doesn’t interfere with other workers
Locate out of traffic flow
Place near rear of laboratory

Chemical
65 ity

Problem Cross-drafts

EsP

Laboratory Hoods

Air Supply
]

Chemical
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; drafts of 250 fpm (1.3 m/s) that can interfere with hood capture

A person walking at 2-3 mph (0.9-1.3 m/s) generates cross

Good Fair

Poor

5 Air current or draft caused by door, traffic, air diffuser or

other source,

@ Principles of Hood Design and

Operation

EsP

Enclose as much of the operation as possible

Place utility controls (gas, electric) outside or as near
hood front as possible

Hood lights should be vapor tight

Mount hood motor outside building and away from building
air intakes

Don’t use hoods for uses not intended (e.g., perchloric
acid digestion, radioisotopes)

Ensure duct material compatible with exhausts
Don’t use without indication it is working properly

Chemical
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Hood Design & Operation, cont’d.

¢ Don’t put your head in the hood.
¢ Use proper PPE (gloves, eyewear, etc)

¢ Place large equipment above surface
on 5 cm blocks to allow uniform air flow

¢ Lower sash height to 30 - 50 cm during
operation

« Keep sash fully closed when not in use

¢ Use liner or tray inside hood to contain
spills

* “_ http:/www.news. harvard.edulgazett Chemical
= S P e/daily/0403/photos/03- 69 % @
meltonstem_Ljpg
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Hood Design & Operation, cont’d.

 Work in the center of hood and 15cm in from
hood sash.

» Don’t store chemicals or equipment in hood.

» Don’t block baffles (slots).

» Maintain hood regularly (check fan belt,
lubricate motor).

* Regularly evaluate hood (flow rate, mark
operating sash height).

* Reports problems, concerns, malfunctions
immediately.

EsP
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70 Kty ()

m Constant Air Volume (CAV)
- Traditional/Standard/Conventional
- Bypass
- HOPEC (horizontal/vertical sash)
- Auxiliary Air (not recommended for Lab operations)

Laboratory Hood Types

m Variable Air Volume (VAV)

EsP
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Traditional Constant Volume Hood

« All make up air enters through hood face.

« Air exhausted is constant regardless of size of face
opening or sash height.

« Volume of air movement is constant but velocity varies
with sash height.




~ Constant Volume Bypass Hood

- Make up air enters through face and through a bypass.
- Bypass opening varies in size as sash is opened or closed.
- As sash moves, an almost equivalent area is uncovered to

maintain a constant open area, hence, a constant volume of air
movement through the face is achieved.

EXHAUST
e
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@ HOPEC Hood

(Hand Operated Positive Energy Control)

Combination Horizontal/vertical sash limits sash opening to
no more that 50%.

Maintains constant air volume and limits energy consumption.

EsP
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% Auxiliary Air Hood

(not recommended for Lab operations*)

- Designed to reduce energy consumption.

- Discharges unconditioned make-up/auxiliary air from outside
directly above and over user in front of hood.

- Uncomfortable to use and can produce turbulence at hood face.

AUXILARY
AIR SUPPLY EXHAUST "
mn%’\’lr H
e 'I:L \
\ H }\\ \- =y
. ™
g
N ] * According to
- ANSI 79.5
D /rsnsnon:n d byl
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Variable Air Volume (VAV) Hood

Uses mechanical and electronic controls to maintain constant air
velocity.

Interfaces with room supply air to conserve energy by maintaining
constant face velocity.

Uses complicated electronic components that require special
training to maintain.

f’ﬁ“ﬁw[ L

|
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Specialized Hoods

CSP

Perchloric acid (with water wash down)
Radiological (with special filters)
Floor level (improperly called walk-in)

Distillation/California hoods (~1.5 ft or 0.5m above
floor)

Canopy hoods (not suitable for most lab operations)
Slot hoods

Ductless fume hoods

Vented enclosures or special purpose hoods

Glove Boxes (complete enclosure)

Biological Safety Cabinets (BSC)

i Chemical
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Example: Typical Walk-In Fume Hood
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2> Specialized Hoods

ADA Hood Glove Box

EXAMPLE: “Snorkel” Fume Extractor
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Extracting Lead Solder Fumes
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- Example: Canopy Hood

Laboratory Ventilation

Glove Boxes

Glove boxes are used when the toxicity, radioactivity level, or
oxygen reactivity of the substances under study pose too great a
hazard for use within a fume hood.

+ The major advantage is protection for the worker and the product.

FRONT VIEW END VIEW 28
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~~ Special purpose vented hood

Chemical weighing station Bulk powder transfer station

5 @)
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Ductless Hoods
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Should only be used in laboratories with:

« Small quantities of known non-volatile
substances.

« Only with HEPA filters

« Never with volatile substances

« Unless breakthrough time for the specific

chemical being used is known, carbon filters are
unreliable.

Ductless Hoods

EsP

A Chemical
8 Kty ()

€
g Biological Safety Cabinets (BSC)

Several types/classes and configurations.

Designed to protect the sample, and sometimes the
worker, from biological contamination.

Most types not suitable for hazardous, volatile
chemicals.

Often not vented to the outside.

Reference: http://www.cdc.gov/od/ohs/biosfty/bsc/bsc.htm

CSP 87

Specialized Hoods

Downdraft table

Dust hood, i
Animal feed

Snorkel hood

m Face velocity
- Recommended 80 - 100 fpm (0.4 - 0.5 m/s)

Hood Problems and Pitfalls

m Air changes/hour
- Recommended 6 — 10/ hour

Neither of these measurements can
guarantee hood capture or containment.

E:SF' a8 ﬁ_ Chemical @
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F Hood Evaluation

m Face Velocity, a necessary but not sufficient
condition.

m Smoke Tubes

m Smoke Candles

m Incense

m ASHRAE 110-1995 Test (SFy)

m Protection Factors (300-10,000):

PF = Contaminant Concentration in Exhaust Air
Contaminant Concentration in Breathing Zone

,:Sp 80 .§ Chemical @

¥ Ventilation System Evaluation

¢ Smoke sources

- Visualize air movement

- Assess capture effectiveness
¢ Smoke tubes
¢ Smoke candles
¢ Theatrical smoke generators
¢ Incense sticks

P

A
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¥ Ventilation System Evaluation

» Velocity measurements
- Anemometer/velometer
e fpm or m/s
¢ Directional
- Hot-wire anemometer
e fomor m/s
« Non-directional

E:SF' o1 ﬁ* Chemical @

Hood Smoke Evaluation
Face velocity vs. Containment

« Lab hood performance testing evaluates containment of
contamination. How do we determine containment?

« |s face velocity the right measurement?

« Studies show that 59% of the hoods passed face velocity
criteria, but only 13% of these hoods met ASHRAE 110 tracer-
gas standards.

¢« 30% - 50% of hoods leaking excessive levels of contaminants
pass face velocity tests.

« Lab hoods with face velocities as low as 50 fpm (0.25 m/s) can
provide protection factors 2,200 times greater than hoods with
face velocities of 150 fpm (0.76 m/s).

S
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- ASHRAE 110 Containment Test

» Measures containment using SF; as a tracer gas
* SFgis generated inside the hood at 4L/min.

* A mannequin with a detector in the breathing zone
(mouth) is placed outside the hood

e The detector is connected to a recorder

e« The hood is also tested with smoke

e The hood is subjected to a walk-by test

» Effect of opening & closing sash is determined

> f g
: 5 p 93 .._:." enmca @

Fume Hood

=

Test Apparatus

=
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20
Gas Cylinder Inside Hood
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Hood Loading Challenge Test Walk-By Challenge Test
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Summary of Results

s Improved Aerodynamics and Airflow Patterns

s Equivalent Performance (Containment) as Typical Fume Hoods
- <005 ppm As Manufactured
~ <01 ppm As Installed and As Used
- Better Containment With Sashes Full Open
- Less Dependence on Mannequin Height
= Minimum Face Velocity at Least 60 fpm

= Still Affected by External Factors
- (Cross Drafts greater than 50 fpm
- Perpendicular Cross Drafts are worse than Horizontal Drafts
- Hood Loading and Thermal Challenges Can Influence Containment
- Traffic Past Hood Can Influence Containment
= Not All HP Hoods Perform The Same

= Fume Hood Monitors Need Better Accuracy and Precision at Low Velocities

Conclusions

* Ensuring laboratory hood safety depends on
many factors including:
—Hood design
—Hood use
—Lab design
— System operation

20
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Chemical Management
Best Practices
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Cradle - to - grave care of chemicals

Receipt ‘ Storage-
Use ‘ Disposal

- 5 F' 105 .E_ Chemical @

g Chemical Management is a Best
Practice for Safety and Security

*Reduces hazardous waste
*Reduces cost

*New purchases

*Waste disposal

*More efficient e —
eImproves security

eInsider threat

*Outsider threat
Facilitates environmental compliance
eImproves quality of research
eImproves quality of lab instruction

Waste

New
Chemical

- 5 F' 108 .E_ Chemical @

@ Proper chemical management program
has several essential elements

Chemical Management Elements

e Source reduction

e Procedure for chemical ordering and
disposal

« Inventory and tracking

e Storage in stockrooms

» Access control

« Recycling of chemicals, containers
and packages

E:SF' 107 ﬁ_ Chemical @

Plan experiments in advance!

What chemicals are needed? \

How much is needed?
How will the chemicals be handled?
What are the reaction products?
How will the chemical be stored?

How will disposal take place?

E:SF' 108 ﬁ_ Chemical @




Inventory management

Less is Better !

« Order only what you need

* Reduce size of experiment
¢ |t cost less to store

« It costless to dispose

“Less is Better: Guide to minimizing waste in laboratories”, Task Force on
Laboratory Environment, Health and Safety, American Chemical Society, 2002.
http://portal.acs.org/portal/acs/corg/content? nfpb=true& pagelabel=PP_SUPE
RARTICLE&node_id=2230&use_sec=false&sec_url_var=region1& uuid=ef9lc

89e-8b83-43e6-bcd0-ff5b9calca33 . o
.s._ Chemical @
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« Citrus based solvents for xylene in
histology lab

Peracetic acid for formaldehyde for \I
cleaning kidney dialysis machines s

* Non mercury thermometers

Substitute reagents to reduce waste

* Enzyme and peroxide based cleaners
for chromerge (NoChromix)

* When purchasing automated
equipment think of chemical waste Col

CSP 110
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@ Best practice - ordering and stocking

chemicals

See if your institution already has it (surplus)

Order minimum needed (large quantities are
not a bargain)

Check on special storage (refrigeration, dry
box...)

Mark the receipt /open date (unstable
chemical)

Can it eventually be disposed of (rad waste,
mixed waste)

CSP 111
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Ordering chemicals- chemical inventory

« Database or Spreadsheets are tools to track
the chemical inventory
e Barcoding can be used
* Chemicals can be found easily
* Chemical ages can be tracked

* Chemical standards maintain traceability HWW H ‘ m“”“
» Disposal can be documented
¢ Physical reconciliation 123456

e Assures accuracy of database
* Provides visual inspection of chemical condition

CSP 112
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Inventory and tracking

Database or spreadsheet designs

Home made — Access or Excel programs
Freeware — Based on Access or Excel
Commercial — Chemicals and MSDS included

- 5 F' 113 .S'_ Chemical @

’\‘ Database helps safely track and report
chemical storage and use

Searches and Reports:
Find an (M)SDS \

Chemical Inventory Search Menu
Chemical Regulatory Reports Search Menu ‘,ﬁ
Find Chemical Storage Locations =
Transfers, Removal, Verification and Inventory Entry:
Transfer or Remove a Bar-coded Chemical from the Inventory
Verify Chemical Inventory Menu
Add Chemical Inventory
Chemical Exchange Menu
Procedures, Forms and Links:
See Inventory procedures, forms and other documents
See Other Chemical Related Links

- 5 F' 114 .S'_ Chemical @

Chemical or tradename search (1w
CAS number search

Ingredient search P}
Location/organization search = HllJﬂJMHJU"
Location owner search
Requester search
Barcode search

Inventory queries

E:SF' 115 3.'_ Chemical @

N\ .
& Query result for toluene — barcode, location,
department, quantity and order date

Purchase

BARCODE LOCATION DEPT | QUANTITY | UNIT Date
AQO00600682 NM/518/1111 1725 |1 L 10/24/2006
AQ00602185 NM/518/1123 1111 | 100 mL 11/20/2006
AQ00582298 NM/518/1302 1131 |1 L 8/8/2006
AQ00602186 NM/518/1302 1131 | 100 mL 11/20/2006
AQ00602187 NM/518/1302 1131 | 100 mL 11/20/2006
AQ00582307 NM/518/1302 1131 |4 L 8/8/2006

(M)SDS and Certificates of Analysis may also be included
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g Excess chemicals are made available

’\%:
L Chemicals likely to be useful in other labs to others and can be searched

ACIDS

Acetic acid (glacial)

Hydrochloric acid CHEMICAL PURCHASE

Sulfuric acid NAME MSDS QTY |STATE |aTF OPEN?
SOLVENTS DEVCON 5 MINUTE |\ 503800 |2.5 0z |Liquid | 07/25/2001 |NOt

Dichloromethane (methylene chloride), EPOXY KIT Open

Acetone Chloroform, Ethyl acetate, Glycerol, 5 MINUTE EPOXY KIT | NL203800 |2.50Z |Liquid | 08/06/2003 |NOt

Hexanes Isopropyl alcohol, Methanol, Open
Petroleum ether Toluene, Xylenes
TOLUENE oHs23590 | 2990 | |iquid | 03/25/1909 | NOt
ML Open
OXIDIZERS
Bromine, Potassium chlorate, Potassium TOLUENE OHS23590 500.0 Liquid 03/25/1999 Not
dichromate, Silver nitrate ML Open

POISONS
Indicators, lodine (solid or solution) Metals
(powders, dust, shot)

| TP Sodium, calcium, silver, and potassium salts | TP
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Inventory management " Inventory management — chemical aging

Less is Better ! « How old are your chemicals?

It's Safer!

*« Some chemicals degrade over time
—rotate stock
—label & date

It may be cheaper to order diethyl ether in large
containers ¢ Chemical assays have expiration
dates
But, if it's opened for a long time—peroxides can
form!
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Explosives and Reactives
Examples:
— Peroxide-forming - ethers

— Perchlorate-forming — perchloric acid

— Water/moisture sensitive — Na, K, Li, LAIH,
flammable metals

Control measures:
— Inventory control
— SOPs, inspections

LS 4

CSP
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Peroxide forming chemicals

« Peroxide formation is caused by an autoxidation reaction.

* The reaction is initiated by light, heat, introduction of a
contaminant or the loss of an inhibitor (BHT).

« Inhibitors slow, but do not stop peroxide formation.

« Most organic peroxide crystals are sensitive to heat, shock, or
friction.

« It is important not to let peroxide forming chemicals evaporate
to dryness or accumulate under screw caps.

-R-0-O-R-

LS 4

CSP
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Inventory management
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Peroxide Forming

Chemicals

Even with inhibitors they can
become dangerous over time

- discard or test if unsure
- label & date
when received,
when opened, and
provide expiration date

Peroxide test kits and strips should
be available

'

CSP
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Peroxide forming chemicals

Peroxides can explode
when exposed to thermal
or mechanical shock

Examples: ethers, dioxane,
tetrahydrofuran

References:

There are excellent websites on peroxide
forming chemicals and their hazards,
use, storage, and disposal. For
example, see:

http://www.med.cornell.edu/ehs/updates/
peroxide_formers.htm
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~ Chemical storage: Basic concepts

» Separate incompatible chemicals

 Separate flammables/explosives from ignition
sources

« Use flammable storage cabinets for large quantities
of flammable solvents

-

» Separate alkali metals from water

» Separate acids and bases

EsP
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Chemical storage
*Protect chemicals during normal
operations
*Protect chemicals during unexpected
events
—Floods
—Tidal waves
—Earthquakes
—Typhoons
—Hurricanes
S ®
y \‘*‘g\

Use flammables storage cabinets

EsP
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Chemical storage: Basic concepts

» Store nitric acid separately
« Store large containers on bottom shelves

¢ Lock up drugs, chemical surety agents, highly toxic
chemicals

« Do not store food in refrigerators with chemicals

Chemical
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Compressed Gas Cylinders

Uses

Types

Hazards

Control Measures

— Inventory control

— Procurement authorization
— Training

— Inspection

Chemical storage: Gas cylinders

ey
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Secure (chain/clamp) and separate gas cylinders
Screw down cylinder caps P
Store in well-ventilated area %é
Separate & label empty cylinders A
Store empty cylinders separately

Separate flammable from reactive/oxidizing gases

= Chemical
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Improper gas cylinder storage

Damage from Gas-cylinder fire

W24 B <
= Chemical
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4 An Accident Waiting to Happen
\ﬂ ! [T

A

CSB video: Compressed gas fire

LS 4

CSP

Safety Video

Dangers of Propylene Cylinders if

High Temperalures

Fire at Praxair Distribution; Inc
=t Louls, MO, June 24, 2005
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' Chemical storage: Good practices

e Limit access
— Label “Authorized Personnel
Only”
— Lock area/room/cabinets when
not in use
e Besure areais cool and well
ventilated
e Secure storage shelves to wall
or floor
¢ Shelves should have a %" front
lip
— In earthquake territory, have
arod several inches above
shelf

LS 4
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Chemical storage: Bad practices

r N

+ Do Not Store Chemicals el |

— on top of cabinets

—on floor

—in hoods

— with food or drinks

—in refrigerators used for
food

— where there are wide
variations in temperature,
humidity or sunlight

P4
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Chemical storage: Containers

* Don’'t use chemical containers for

¢ Don’t use food containers for

food

chemicals

* Be sure all containers are properly
closed

* Wipe-off outside of container
before returning to storage area

¢ Transport/carry all containers
safely
— Preferably use outer protective

container

Chemical
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Improper chemical storage

Never use hallways
for storage

Safety Hazard!!

Blocks exit path in
emergencies!!!

P4

CSP 139

Chemical
P

P4

CSP

Chemical storage: Good practices

e Separate
incompatible
chemicals

— Organize chemicals by
compatible groups

— Alphabetize chemicals
only within compatible

groups

& Chemical
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& Suggested shelf storage groups:
Organics

* Acids, anhydrides « Epoxies, isocyanates

¢ Alcohols, amides, amines « Azides, peroxides

« Aldehydes, esters, « Nitriles, sulfides,
hydrocarbons sulfoxides

« Ethers, ketones, « Cresols, phenols

halogenated hydrocarbons

1 1
6L A EJ
From: “School Chemistry Laboratory Safety Q e\'
Guide,” US NIOSH Publication 2007-107
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% Suggested shelf storage groups:
Inorganics

* Chlorates, chlorites,
perchlorates, peroxides

« Metals, hydrides

« Halides, halogens,

phosphates, sulfates, » Arsenates, cyanides,

sulfides cyanates

* Amides, azides, nitrates, » Borates, chromates,
nitrites manganates

« Carbonates, hydroxides, * Acids

oxides, silicates .
« Arsenics, phosphorus,

sulfur

From: “School Chemistry Laboratory Safety Guide,” US NIOSH Publication 2007-107
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& Best practice: access control

« Proper training of chemical handling personnel

« Only trained and approved personnel
« have access to stock room and keys
« administrative privileges to inventory and

&
database

* Locked doors and cabinets for controlled
substances
« Radioactive materials
« Drugs and consumable alcohol n
« Explosives (special handling facility)
¢ Dual use chemicals

« Hazardous waste - high toxicity chemicals
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“Less is Better,” American Chemical Society,

Washington DC, 2003, available online:
http://portal.acs.org/portal/acs/corg/content? nfpb=true& pagelLabel=PP
SUPERARTICLE&node id=2230&use sec=false&sec url var=regionl& u
uid=ef91c89e-8b83-43e6-bcd0-ff5h9calca3l3

“School Chemistry Laboratory Safety Guide,” US NIOSH
Publication 2007-107, Cincinnati, OH, 2006,

available on-line:
http://www.cpsc.gov/CPSCPUB/PUBS/NIOSH2007107.pdf
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