Elements of Toxicology
&
Personal Protective Equipment
(PPE), PSM, and PHA

Toxicology and PPE
This unit is Toxicology and Personal Protective Equipment. The reason for toxicology is
to give you an brief understanding of the most important functions of the body, the
routes of chemical entry and exposure, and then the sensitivity of the selected
receptors.
Principal Routes of physical and chemical exposure:
1. Lungs
2. Nose (breathing)
3. Skin (hands, feet, skin in general)
4. Eyes
5. Mouth (both oral and breathing)
6. Absorption through the intestinal tract
Principal areas of Toxic Damage
Liver
Chemicals are caught there
Kidney
The Blood’s Filter
Lungs
the Oxygen Path
Blood System
The carrier
Bones
The source of new blood cells

Toxicology and PPE
Each of these elements have an exposure level, above which damage will occur. Most often
the exposure limit is chemical or groups of chemicals specific.
For example: Both CO and HCN have different chemical structures but similar chemical
actions because they both bond with hemoglobin more strongly than oxygen, and the body
suffocates.
Speaking of suffocation: The air we breathe is approximately 20.9% Oxygen.
There is an optimum range for O2, and that needs to be respected.
The following is an approximation of Oxygen Requirements for Humans:
* 20.9-23.5 percent: Maximum permissible oxygen level. No effect.
* 20.9 percent: Percentage of oxygen found in normal air. No effect.
Divers and others exposed to higher concentrations of oxygen can experience oxygen
toxicity. Generally it occurs after a period of a few hours of exposure, but it can create
tissue, eye and other problems. For pure oxygen, there is always the danger of fire.
Consider the astronauts of Apollo 1.*
Apollo 1 (also designated Apollo Saturn-204 and AS-204) was scheduled to be the first manned mission of the
Apollo manned lunar landing program, with a target launch date of February 21, 1967. A cabin fire during a
launch pad test on January 27 at Launch Pad 34 at Cape Canaveral killed all three crew members – Command
Pilot Virgil "Gus" Grissom, Senior Pilot Edward H. White and Pilot Roger B. Chaffee – and destroyed the Command
Module.[1] The mission name Apollo 1, chosen by the crew, was officially retired by NASA in commemoration of
them on April 24, 1967.

Toxicology and PPE - OXYGEN Levels
* 19.5 percent: Minimum permissible oxygen level. No effect.
* 15-19 percent: Decreased ability to work strenuously. May
impair coordination and may induce early symptoms with individuals that have
coronary, pulmonary, or circulatory problems.
* 12-15 percent: Respiration and pulse increase; impaired coordination, perception,
and judgment occurs.
* 10-12 percent: Respiration further increases in rate and depth; poor judgment and
bluish lips occur.
* 8-10 percent: Symptoms include mental failure, fainting, unconsciousness, an ashcolored-face, blue lips, nausea, and vomiting.
* 6-8 percent: 8 minutes - 100 percent fatal; 6 minutes - 50 percent fatal; 4-5 minutes
- recovery with treatment.
* 4-6 percent: Coma in 40 seconds, convulsions, respiration ceases - death.
THE BODY IS NOT EQUIPPED TO DETECT VARIATIONS IN OXYGEN LEVELS, ESPECIALLY
LOW LEVELS, AND WE LOSE HUNDREDS OF PEOPLE EVERY YEAR IN LOW OXYGEN
CONDITIONS IN CONFINED SPACES!

Toxicology and PPE
CONFINED SPACE: (1) Is large enough and so configured that an employee can bodily
enter and perform assigned work; and
(2) Has limited or restricted means for entry or exit (for example, tanks, vessels, silos,
storage bins, hoppers, vaults, and pits are spaces that may have limited means of
entry.); and
(3) Is not designed for continuous employee occupancy.
It is also an area in which the oxygen levels can change, or which has improper
ventilation. Examples include empty tanks, any area with sides which is greater than
about 5 feet, (wastewater treatment tank example).
REQUIREMENTS FOR MANAGING CONFINED SPACES:
1. Mandatory testing for Toxic gases (usually CO2) O2, and flammable or explosive
gasses.
2. Permit System
3. Continuous monitoring and adequate ventilation
4. Standby or rescue personnel and harnesses

Toxicology and PPE
RESPIRABLE DUSTS AND GASES:
Inhalable dust is determined using the modern equivalent of the Institute of Occupational
Medicine (IOM) MRE 113A monitor. Inhalable dust is considered to be dust of less than 100
micrometers aerodynamic equivalent diameter (AED) that enters through the nose and or mouth.
Respirable dust is sampled using a cyclone dust sampler design to sample for a specific fraction of
dust AED (Aerodynamic Equivalent Diameter) at a set flow rate. The respirable dust fraction is
dust that enters the 'deep lung' and is considered to be less than 10 micrometers AED.
RESPIRABLE DUSTS HAVE THE ABILITY TO PENETRATE TO THE ALVEOLI WHERE THEY
CAN INTERFERE WITH THE
OXYGEN TRANSFER TO THE
BLOOD.
SILICA products and asbestos
are particular problems in
this regard.

Inhalable dusts can enter
The upper respiratory tract.
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Chemicals and Respiration: Certain chemicals will interfere with the lungs by irritating
or reacting with the lung tissue causing it to weep, with the result that the patient
drowns in his own fluids (maybe blood, maybe other fluids).
Most notable recent case is Bophal, India where large concentrations of Methyl
Isocynate (MIC) was released at night, and the cloud drifted over the population
center. Estimates vary on the death toll. The official immediate death toll was 2,259
and the government of Madhya Pradesh has confirmed a total of 3,787 deaths related
to the gas release. Others estimate 3,000 died within weeks and another 8,000 have
since died from gas-related diseases. A government affidavit in 2006 stated the leak
caused 558,125 injuries including 38,478 temporary partial and approximately 3,900
severely and permanently disabling injuries. As many as 25,000 deaths have been
attributed to the disaster in recent estimates.
Other chemicals causing lung irritation: Oxidizers such as Chlorine, bases such as
Ammonia (gas), irritant gases such Sulfur Dioxide (SO2) and agents such as Mustard
(used during WWI - C4H8Cl2S) generally have the same effect: the person exposed
drowns in their own blood.
In some instances, low levels of chemicals are irritants and are not toxic. Compounds
such as ammonia, sulfur dioxide, and chlorine have established inhalation values.
More on that later on.

Toxicology and PPE
DERMAL ABSORPTION:
Your skin is the largest organ in your body. All mammals have some hair on their skin.
Skin plays a key role in protecting the body against pathogens and excessive water
loss. Its other functions are insulation, temperature regulation, sensation, and the
protection of vitamin D foliates. Severely damaged skin may heal by forming scar
tissue. This is often discolored and de-pigmented.
Skin is protein, and it is also a two way membrane which allows water to leave the
body in cooling it, and it will absorb water, and permit gas transfer to and from the
body.
The protein base of skin is what shrivels up when we get it wet, and what dissolves in
alkalis (which makes alkalis feel slippery), and that which gets burned when it contacts
strong acids, bases, and alkalis. The protein layer can also get burned when it receives
too much radiation (sunburn, burn, alpha and beta radiation ).
Whatever get on skin has the potential to be absorbed into the body. This generally
excludes dusts unless they are extremely fine, but does include almost all types of
liquids.
Protection from chemical exposure is important for the skin. Just as with sun
exposure, we need to protect the skin, and therefore the body from these exposures,
so we provide a layer of protection. Sometimes it is simple cloth, but many times it is
much more involved and includes plastics and membranes. We will go very lightly into
barrier clothing and chemical exposure.
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EYES:
The eyes provide an entrance to the body. The eyeball is resting in a socket and
floating on a sea of liquid. The eye itself also contains intra-ocular liquid. Eye irritation
is believed to depend on destabilization of the outer-eye tear film, in which the
formation of dry spots results in such ocular discomfort as dryness. Occupational
factors are also likely to influence eye irritation, including such factors as lighting (glare
and poor contrast), chemical toxins/irritants, e.g. amines, formaldehyde,
acetaldehyde, acrolein, N-decane, VOCs; ozone, pesticides and preservatives,
allergens, etc.
Once the eye is exposed to chemical hazards, they have a direct entrance to the body
and the blood stream, including a direct link to the brain.
Certain volatile organic compounds that are both chemically reactive and airway
irritants may cause eye irritation as well. Personal factors (e.g., use of contact lenses,
eye make-up, and certain medications) may also affect destabilization of the tear film
and possibly result in more eye symptoms.
Persons who wear contact lenses are often at elevated risk because they perceive that
they are protected by the contacts, but in reality they are not!
Contact lenses should never be worn in areas where there are vapors or other irritants
which can affect the eye.
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Mouth and Upper IG tract.
The mouth serves as an entrance to the lungs and to the upper IG tract. The
act of breathing introduces things into the airway, but also into the upper IG tract.
The upper gastrointestinal tract consists of the esophagus, stomach, and
duodenum.[5] The exact demarcation between "upper" and "lower" can vary. Upon
gross dissection, the duodenum may appear to be a unified organ, but it is often
divided into two parts based upon function, arterial supply, or embryology.
The act of breathing in contaminants also allows
Saliva to contact the contaminants and the act of
Swallowing also introduces contaminants into the
Stomach, and the duodenum. The duodenum is
Where most of the chemical digestion takes place.

General Duty Clause in OSHA
(a) Each employer -(1) shall furnish to each of his employees employment and a place of
employment which are free from recognized hazards that are causing or are likely to
cause death or serious physical harm to his employees;
(2) shall comply with occupational safety and health standards promulgated under this
Act. 29 USC 654
(b) Each employee shall comply with occupational safety and health standards and
all rules, regulations, and orders issued pursuant to this Act which are applicable to
his own actions and conduct.
AND
(a) Personal protective equipment “The employer must provide PPE to each
employee required to use the PPE, and each failure to provide PPE to an
employee may be considered a separate violation.”
(b) Training . “The employer must train each affected employee in the manner
required by the standard, and each failure to train an employee may be
considered a separate violation.”

Toxicology and PPE

TERMS of Interest:
IDLH : Immediately dangerous to life and health – usually a condition in an atmosphere
where there can be toxic conditions or explosive conditions and there is imminent peril.
TWA:
Time weighted average: The average concentration of a concentration
measured over an 8 hour period.
LD50 A concentration or dose of a compound which kills half the exposed population.
ORAL, DERMAL: Routes of exposure – usually applied to laboratory animals
Ceiling Value:
A concentration which must not be exceeded.
ALARA: As low as reasonably achievable. It is a technological based standard.
PELs
Permissible Exposure Limits are based on recommendations made by the ACGIH
Many OSHA exposure limits are not considered by the industrial hygiene community to be
sufficiently protective levels.
NIOSH
The National Institute of Occupational Safety and Health (NIOSH) publishes
recommended exposure limits (RELs) which OSHA takes into consideration when
promulgating new regulatory exposure limits.
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TLV:
Threshold Limit Value of a chemical substance is a level to which it is
believed a worker can be exposed day after day for a working lifetime without adverse
health effects. A term developed by the American Conference of Governmental
Industrial Hygienists (ACGIH). It is an estimate based on the known toxicity in humans
or animals of a given chemical substance, and the reliability and accuracy of the latest
sampling and analytical methods. It is not a static definition. The basic formula for
converting between ppm and mg/m³ for gases is ppm = (mg/m^3) * 24.45 / molecular
weight. This formula is not applicable to airborne particles.
Threshold limit value - Time weighted average (TLV-TWA): average exposure on
the basis of a 8h/day, 40h/week work schedule
Threshold limit value - Short-term exposure limit (TLV-STEL): spot exposure for a
duration of 15 minutes, that cannot be repeated more than 4 times per day
Threshold limit value - Ceiling limit (TLV-C): absolute exposure limit that should
not be exceeded at any time
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TLV in other countries:
WEEL (Workplace environmental exposure level) created by a committee of the
American Industrial Hygiene Association AIHA
Similar concepts used in other countries include:
Australia
OES Occupational exposure standard [1]
France
VME (Valeur Moyenne d'Exposition)
VLE (Valeur Limite d'Exposition)
Germany
AGW (Arbeitsplatzgrenzwert)
MAK (Maximale Arbeitsplatz-Konzentration)
Netherlands
MAC (Maximaal Aanvaarde Concentratie)
Malaysia
PEL (Permissible exposure limit)
Poland
NDN (Najwyższe Dopuszczalne Natężenie)
Russia
ПДК (предельно допустимая концентрация)
Language and values may be similar but check in your country!

Layers of Protection 29CFR 1919.120 LEVEL A
Personal protective equipment is divided into four categories based on the degree of
protection afforded. (See Part B of this appendix for further explanation of Levels A, B, C,
and D hazards.)
I. Level A - To be selected when the greatest level of skin, respiratory, and eye protection is
required.
The following constitute Level A equipment; it may be used as appropriate;
1. Positive pressure, full face-piece self-contained breathing apparatus (SCBA), or
positive pressure supplied air respirator with escape SCBA, approved by the National
Institute for Occupational Safety and Health (NIOSH).
2. Totally-encapsulating chemical-protective suit.
3. Coveralls.(1)
4. Long underwear.(1)
5. Gloves, outer, chemical-resistant.
6. Gloves, inner, chemical-resistant.
7. Boots, chemical-resistant, steel toe and shank.
8. Hard hat (under suit).(1)
9. Disposable protective suit, gloves and boots (depending on suit construction, may be
worn over totally-encapsulating suit).
_______
Footnote(1) Optional, as applicable.

Level B
Level B - The highest level of respiratory protection is necessary but a lesser level of
skin protection is needed.
The following constitute Level B equipment; it may be used as appropriate.
1. Positive pressure, full-facepiece self-contained breathing apparatus (SCBA), or
positive pressure supplied air respirator with escape SCBA (NIOSH approved).
2. Hooded chemical-resistant clothing (overalls and long-sleeved jacket; coveralls;
one or two-piece chemical-splash suit; disposable chemical-resistant coveralls).
3. Coveralls.(1)
4. Gloves, outer, chemical-resistant.
5. Gloves, inner, chemical-resistant.
6. Boots, outer, chemical-resistant steel toe and shank.
7. Boot-covers, outer, chemical-resistant (disposable).(1)
8. Hard hat.(1)
9. [Reserved]
10. Face shield.(1)
__________
Footnote(1) Optional, as applicable.

Level C
Level C - The concentration(s) and type(s) of airborne substance(s) is known and the
criteria for using air purifying respirators are met.
The following constitute Level C equipment; it may be used as appropriate.
1. Full-face or half-mask, air purifying respirators (NIOSH approved).
2. Hooded chemical-resistant clothing (overalls; two-piece chemical-splash suit;
disposable chemical-resistant overalls).
3. Coveralls.(1)
4. Gloves, outer, chemical-resistant.
5. Gloves, inner, chemical-resistant.
6. Boots (outer), chemical-resistant steel toe and shank.(1)
7. Boot-covers, outer, chemical-resistant (disposable).(1)
8. Hard hat.(1)
9. Escape mask.(1)
10. Face shield.(1)
__________
Footnote(1) Optional, as applicable.

Level D
Level D - A work uniform affording minimal protection: used for nuisance
contamination only.
The following constitute Level D equipment; it may be used as appropriate:
1. Coveralls.
2. Gloves.(1)
3. Boots/shoes, chemical-resistant steel toe and shank.
4. Boots, outer, chemical-resistant (disposable).(1)
5. Safety glasses or chemical splash goggles.(1)
6. Hard hat.(1)
7. Escape mask.(1)
8. Face shield.(1)
_________
Footnote(1) Optional, as applicable.

When to use Which Levels, A, B, C, D?
Level A - Level A protection should be used when:
1. The hazardous substance has been identified and requires the highest level of protection
for skin, eyes, and the respiratory system based on either the measured (or potential for)
high concentration of atmospheric vapors, gases, or particulates; or the site operations and
work functions involve a high potential for splash, immersion, or exposure to unexpected
vapors, gases, or particulates of materials that are harmful to skin or capable of being
absorbed through the skin,
2. Substances with a high degree of hazard to the skin are known or suspected to be
present, and skin contact is possible; or
3. Operations must be conducted in confined, poorly ventilated areas, and the absence of
conditions requiring Level A have not yet been determined.

II. Level B protection should be used when:
1. The type and atmospheric concentration of substances have been identified and require
a high level of respiratory protection, but less skin protection.
2. The atmosphere contains less than 19.5 percent oxygen; or
3. The presence of incompletely identified vapors or gases is indicated by a direct-reading
organic vapor detection instrument, but vapors and gases are not suspected of containing
high levels of chemicals harmful to skin or capable of being absorbed through the skin.
Note: This involves atmospheres with IDLH concentrations of specific substances that
present severe inhalation hazards and that do not represent a severe skin hazard; or that
do not meet the criteria for use of air-purifying respirators.
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Level C - Level C protection should be used when:
1. The atmospheric contaminants, liquid splashes, or other direct contact will not
adversely affect or be absorbed through any exposed skin;
2. The types of air contaminants have been identified, concentrations measured, and
an air-purifying respirator is available that can remove the contaminants; and
3. All criteria for the use of air-purifying respirators are met.
Level D - Level D protection should be used when:
1. The atmosphere contains no known hazard; and
2. Work functions preclude splashes, immersion, or the potential for unexpected
inhalation of or contact with hazardous levels of any chemicals.
MOST COMMONLY USED ARE MODIFIED LAYERS C, AND B: LEVEL D IS ESSENTIALLY
STREET CLOTHES

Levels of Protection
1910.134(d)(3)(i)(A)

Assigned Protection Factors (APFs) Employers must
use the assigned protection factors listed in Table 1 to
select a respirator that meets or exceeds the required
level of employee protection. When using a
combination respirator (e.g., airline respirators with
an air-purifying filter), employers must ensure that
the assigned protection factor is appropriate to the
mode of operation in which the respirator is being
used.
There are a number of notes concerning respirator
protection. See the regulations for details under
29CFR 1910.134

Respirators
Three Types of Air Purifying
Respirators :
1. Particulate
2. Vapor and Gas
3. Combination
Most respirators, except air
supplied respirators do not
supply oxygen and low O2
conditions are an identified
hazard.

Respirators
Powered Air Purifying Respirator

Supplied Air Respirators (Hoods)

Respirator Programs
The Respirator Protection Program must cover the following basic elements, as applicable: But THE
PROGRAM MUST BE WRITTEN AND ADMINISTERED
Procedures for selecting respirators for use in the workplace;
Medical evaluations of employees required to use respirators;
Fit testing procedures for tight-fitting respirators;
Use of respirators in routine and reasonably foreseeable emergency situations;
Procedures and schedules for cleaning, disinfecting, storing, inspecting, repairing, and otherwise maintaining
respirators;
Procedures to ensure adequate air quality, quantity and flow of breathing air for atmosphere-supplying
respirators;
Training of employees in the respiratory hazards to which they are potentially exposed;
Training of employees in the proper use of respirators, including putting on and removing them, any
limitations on their use, and maintenance procedures; and
Procedures for regularly evaluating the effectiveness of the program.
RESPIRATOR SELECTION FACTORS
Nature of the hazard, and the physical and chemical properties of the air contaminant;
Concentrations of contaminants;
Relevant permissible exposure limit or other occupational exposure limit;
Nature of the work operation or process;
Time period the respirator is worn;
Work activities and physical/psychological stress;
Fit testing; and Physical characteristics, functional capabilities and limitations of respirators
Medical monitor of Personnel for changes in facial structure (dentistry) etc. which could affect fit.
ALL RESPIRATORS MUST BE NIOSH APPROVED AND FIT TESTING DEMONSTRATED, WITH RECORDS KEPT.

Respirator Cartridges

Dusts and Gases

Toxicology and PPE
Ammonia or
Methyl Amine

Respirator Color Coding

Protection
Factors
Protection Factors are a function of the overall performance of the respirator.
Protection Factor = Airborne Concentration/ Faceplate Concentration
All employees must be fit tested for respirators. Document the testing.

Final Respirator Notes:
Respirator program must be written and testing documented.
Select the best respirator for the specific application
Do NOT exceed maximum protection factors for the respirator (Table above).
If atmosphere is IDLH, there is only one type of respirator, supplied air.
Anyone working in IDLH atmospheres must have at least one person standing by
outside the IDLH area ready to perform rescue.
THE BUDDY SYSTEM IS ESSENTIALLY REDEFINED: IN IDLH ATMOSPHERES YOU MAY
NEED 3 RATHER THAN TWO IN ORDER TO PERFORM RESCUE. THAT MEANS THAT 6
PEOPLE MAY HAVE TO BE ON DUTY RATHER THAN ONE. 3 WORKING 3 TO STANDBY
FOR RESCUE.

PROTECTIVE SUITS AND CLOTHING.
NO ONE SINGLE COMBINATION OF CLOTHING WILL PROTECT AGAINST ALL HAZARDS. THE PROTECTION
MUST BE TAILORED TO THE TYPE OF EXPOSURE!!!
The following is a checklist of components that may form the chemical protective ensemble:
Protective clothing (suit, coveralls, hoods, gloves, boots);
Respiratory equipment (SCBA, combination SCBA/SAR, air purifying respirators);
Cooling system (ice vest, air circulation, water circulation);
Communications device;
Head protection;
Eye protection;
Ear protection;
Inner garment; and
Outer protection (overgloves, overboots, flashcover).
Factors that affect the selection of ensemble components include:
How each item accommodates the integration of other ensemble components. Some ensemble
components may be incompatible due to how they are worn (e.g., some SCBA's may not fit within a
particular chemical protective suit or allow acceptable mobility when worn).
The ease of interfacing ensemble components without sacrificing required performance (e.g. a poorly
fitting overglove that greatly reduces wearer dexterity).
Limiting the number of equipment items to reduce donning time and complexity (e.g. some
communications devices are built into SCBA's which as a unit are NIOSH certified).

Types of Protective Clothing
Fully encapsulating suits;
Nonencapsulating suits;
Gloves, boots, and hoods;
Firefighter's protective clothing;
Proximity, or approach clothing;
Blast or fragmentation suits; and
Radiation-protective suits.
Firefighter turnout clothing, proximity gear, blast suits, and radiation suits by
themselves are not acceptable for providing adequate protection from hazardous
chemicals.
ALL PROTECTIVE CLOTHING USE MUST HAVE A WRITTEN PLAN FOLLOWING
http://www.osha.gov/dts/osta/otm/otm_viii/otm_viii_1.html
Plan basics must include: Selection, resistance, maintenance, use, decontamination,
and procedures for donning and doffing the suits. (IE Tape if used ).

Protective Clothing

By Design
Gloves
boots
aprons, jackets, coveralls,
full body suits

By Performance
particulate protection
liquid-splash protection
vapor protection
reusable

By Service Life
single use
limited use

Selecting Protective Clothing
PROTECTIVE CLOTHING SELECTION FACTORS.
CLOTHING DESIGN. Manufacturers sell clothing in a variety of styles and configurations.
Design Considerations.
Clothing configuration;
Components and options;
Sizes;
Ease of donning and doffing;
Clothing construction;
Accommodation of other selected ensemble equipment;
Comfort; and
Restriction of mobility.
Medical Monitoring (Heat Stress and Exposure) of employees during use
Cost
MATERIAL CHEMICAL RESISTANCE. Ideally, the chosen material(s) must resist permeation, degradation, and penetration
by the respective chemicals.
Permeation is the process by which a chemical dissolves in or moves through a material on a molecular basis. In most
cases, there will be no visible evidence of chemicals permeating a material.
Degradation involves physical changes in a material as the result of a chemical exposure, use, or ambient conditions
(e.g. sunlight). The most common observations of material degradation are discoloration, swelling, loss of physical
strength, or deterioration.
Penetration is the movement of chemicals through zippers, seams, or imperfections in a protective clothing material.

Protective Clothing

Sources of information include:
ACGIH Publication:
Quick Selection Guide to Chemical Protective Clothing, 5th Edition Publication #9090
ISBN: 978-0-470-14681-1 Copyright © 2007 200 pages

$64.95

The fifth edition of this pocket guide continues to provide the latest recommendations for the selection,
use, and care of different types of chemical protective clothing. Covering over 700 chemicals, this new
edition also includes the 21 test chemicals listed in ASTM F1001/EN374 vs. manufactures products of
generic materials in a special sub-section. European requirements for chemical resistant gloves
specified in European standards are also included in the sub-section.
Color-coded selection recommendations offer information at a glance; registered trade names and web
addresses provide easily accessed information.
---------------------------------------Vendor data or recommendations. The best source of current information on material compatibility
should be available from the manufacturer of the selected clothing. Many vendors supply charts which
show actual test data or their own recommendations for specific chemicals. However, unless vendor
data or the recommendations are well documented, end users must approach this information with
caution. Material recommendations must be based on data obtained from tests performed to standard
ASTM methods. Simple ratings of "poor," "good," or "excellent" give no indication of how the material
may perform against various chemicals.
--------------------------------------Mixtures of chemicals can be significantly more aggressive towards protective clothing materials than
any single chemical alone. One permeating chemical may pull another with it through the material. Very
little data is available for chemical mixtures. Other situations may involve unidentified substances. In
both the case of mixtures and unknowns, serious consideration must be given to deciding which
protective clothing is selected. If clothing must be used without test data, garments with materials
having the broadest chemical resistance should be worn, i.e. materials which demonstrate the best
chemical resistance against the widest range of chemicals.

Protective Clothing Resources
Manufacturers

Best Manufacturing provides ChemRest on-line for glove choices.
North Safety Products allows you to download free interactive software for glove
selection, but you need to provide your name and contact information.
Ansell provides an on-line program called SpecWare and a PDF file available from its
home page.
Microflex offers an on-line chemical resistance guide for 97 commonly used chemicals.
Click on the first letter of the chemical to see how latex, nitrile, and Chloroprene will
resist it.
Kimberley-Clark provides a chemical resistance and barrier guide for their glove
selection.
MAPA provides a chemical resistance chart for its gloves.
Universities

Oklahoma State University offers a chemical guide for several types of gloves and lots
of other safety information.
Michigan State University has a searchable guide to the "Selection and Usage of
Chemically-Resistant Gloves."
The University of Maryland has a Glove Chemical Resistance Guide.
North Carolina State University has a Hand Protection / Reference Guide.
The University of Kentucky offers other pertinent glove links.

Protective Clothing Selection
PHYSICAL PROPERTIES.
As with chemical resistance, manufacturer materials offer wide ranges of physical qualities in terms of strength,
resistance to physical hazards, and operation in extreme environmental conditions. Comprehensive
manufacturing standards such as the NFPA Standards set specific limits on these material properties, but only
for limited applications, i.e. emergency response.
End users in other applications may assess material physical properties by posing the following questions:
Does the material have sufficient strength to withstand the physical strength of the tasks at hand?
Will the material resist tears, punctures, cuts, and abrasions?
Will the material withstand repeated use after contamination and decontamination?
Is the material flexible or pliable enough to allow end users to perform needed tasks?
Will the material maintain its protective integrity and flexibility under hot and cold extremes?
Is the material flame-resistant or self-extinguishing (if these hazards are present)?
Are garment seams in the clothing constructed so they provide the same physical integrity as the garment
material?

EASE OF DECONTAMINATION. The degree of difficulty in decontaminating protective clothing may dictate
whether disposable or reusable clothing is used, or a combination of both.
COST. Protective clothing end users must endeavor to obtain the broadest protective equipment they can buy
with available resources to meet their specific application.
CHEMICAL PROTECTIVE CLOTHING STANDARDS. Protective clothing buyers may wish to specify clothing that
meets specific standards, such as 1910.120 or the NFPA standards (see Paragraph on classification by
performance). The NFPA Standards do not apply to all forms of protective clothing and applications.

PSM
Welcome to the world of Process Safety Management: If you manage, store or handle more than a threshold quantity of the listed chemicals,
you then are subject to PSM.
PSM chemicals are in 29 CFR 1910.119 Appendix A Partial list below:
| Chemical
CAS Number
TQ in pounds |
Acetaldehyde
| 75-07-0
| 2500
Acrolein (2-Popenal)
| 107-02-8
| 150
Acrylyl Chlorde
| 814-68-6
| 250
Allyl Chlorid
| 107-05-1
| 1000
Allylamine
| 107-11-9
| 1000
Alkylaluminum
| Varies
| 5000
Ammonia, Anhydrous
| 7664-41-7
| 10000
Ammonia solutions (greater
|
|
than 44% ammonia by weight) | 7664-41-7
| 15000
Ammonium Perchlorate
| 7790-98-9
| 7500
Ammonium Permanganate
| 7787-36-2
| 7500
Arsine (also called
|
|
Arsenic Hydride)
| 7784-42-1
| 100
Bis(Chloromethyl) Ether
| 542-88-1
| 100
Boron Trichloride
| 10294-34-5
| 2500
Boron Trifluoride
| 7637-07-2
| 250
Bromine
| 7726-95-6
| 1500
Bromine Chloride
| 13863-41-7
| 1500
Bromine Pentafluoride
| 7789-30-2
| 2500
Bromine Trifluoride
| 7787-71-5
| 15000
3-Bromopropyne (also
|
|
called Propargyl Bromide)
| 106-96-7
| 100
Butyl Hydroperoxide
|
|
(Tertiary)
| 75-91-2
| 5000

See the Hazardous Materials TQs. PDF file in the materials for a complete list

PSM Qualifiers:
A process which involves a chemical at or above the specified threshold quantities listed in appendix A
(See Previous slide);
(ii) A process which involves a flammable liquid or gas ["Liquid, flammable" means any liquid having a
flashpoint below 100 deg. F (37.8 deg. C), except any mixture having components with flashpoints of
100 deg. F (37.8 deg. C) or higher, the total of which make up 99 percent or more of the total volume of
the mixture] on site in one location, in a quantity of 10,000 pounds (4535.9 kg) or more except for:
(A) Hydrocarbon fuels used solely for workplace consumption as a fuel (e.g., propane used for comfort
heating, gasoline for vehicle refueling), if such fuels are not a part of a process containing another highly
hazardous chemical covered by this standard;
(B) Flammable liquids stored in atmospheric tanks or transferred which are kept below their normal
boiling point without benefit of chilling or refrigeration.
(2) This section does not apply to:
(i) Retail facilities;
(ii) Oil or gas well drilling or servicing operations; or,
(iii) Normally unoccupied remote facilities.

Contents of PSM Reports
Employers shall develop a written plan of action regarding the implementation of the employee
participation required by this paragraph.
Employers shall consult with employees and their representatives on the conduct and development of
process hazards analyses and on the development of the other elements of process safety management
in this standard.
Employers shall provide to employees and their representatives access to process hazard analyses and
to all other information required to be developed under this standard.
Process safety information. In accordance with the schedule set forth in paragraph (e)(1) of this section,
the employer shall complete a compilation of written process safety information before conducting any
process hazard analysis required by the standard. The compilation of written process safety information
is to enable the employer and the employees involved in operating the process to identify and
understand the hazards posed by those processes involving highly hazardous chemicals. This process
safety information shall include information pertaining to the hazards of the highly hazardous chemicals
used or produced by the process, information pertaining to the technology of the process, and
information pertaining to the equipment in the process.
Information pertaining to the hazards of the highly hazardous chemicals in the process. This information
shall consist of at least the following:
Toxicity information;
Permissible exposure limits;
Physical data;
Reactivity data:
Corrosivity data;
Thermal and chemical stability data; and
Hazardous effects of inadvertent mixing of different materials that could foreseeably occur.
Note: Material Safety Data Sheets meeting the requirements of 29 CFR 1910.1200(g) may
be used to comply with this requirement to the extent they contain the information required by this
subparagraph.

Toxicology and PPE
Information pertaining to the technology of the process.
Information concerning the technology of the process shall include at least the following:
A block flow diagram or simplified process flow diagram (see appendix B to this section);
Process chemistry;
Maximum intended inventory;
Safe upper and lower limits for such items as temperatures, pressures, flows or compositions; and,
An evaluation of the consequences of deviations, including those affecting the safety and health of
employees.
Where the original technical information no longer exists, such information may be
developed in conjunction with the process hazard analysis in sufficient detail to support the analysis.
Information pertaining to the equipment in the process.
Information pertaining to the equipment in the process shall include:
Materials of construction;
Piping and instrument diagrams (P&ID's);
Electrical classification;
Relief system design and design basis;
Ventilation system design;
Design codes and standards employed;
Material and energy balances for processes built after May 26, 1992; and,
Safety systems (e.g. interlocks, detection or suppression systems).

PSM Requirements
Information pertaining to the technology of the process.
Information concerning the technology of the process shall include at least the following:
A block flow diagram or simplified process flow diagram (see appendix B to this section);
Process chemistry;
Maximum intended inventory;
Safe upper and lower limits for such items as temperatures, pressures, flows or
compositions; and,
An evaluation of the consequences of deviations, including those affecting the safety and
health of employees.
Where the original technical information no longer exists, such information may
be developed in conjunction with the process hazard analysis in sufficient detail to support
the analysis.
Information pertaining to the equipment in the process.
Information pertaining to the equipment in the process shall include:
Materials of construction;
Piping and instrument diagrams (P&ID's);
Electrical classification;
Relief system design and design basis;
Ventilation system design;
Design codes and standards employed;
Material and energy balances for processes built after May 26, 1992; and,
Safety systems (e.g. interlocks, detection or suppression systems).

PSM Requirements
•
•
•
•
•
•
•
•
•
•
•
•

•
•
•
•

The employer shall use one or more of the following methodologies that are appropriate to determine
and evaluate the hazards of the process being analyzed.
(i) What-If;
(ii) Checklist;
(iii) What-If/Checklist;
(iv) Hazard and Operability Study (HAZOP):
(v) Failure Mode and Effects Analysis (FMEA);
(vi) Fault Tree Analysis; or
(vii) An appropriate equivalent methodology.
(3) The process hazard analysis shall address:
(i) The hazards of the process;
(ii) The identification of any previous incident which had a likely potential for catastrophic consequences
in the workplace;
(iii) Engineering and administrative controls applicable to the hazards and their interrelationships such
as appropriate application of detection methodologies to provide early warning of releases. (Acceptable
detection methods might include process monitoring and control instrumentation with alarms, and
detection hardware such as hydrocarbon sensors.);
(iv) Consequences of failure of engineering and administrative controls;
(v) Facility siting;
(vi) Human factors; and
(vii) A qualitative evaluation of a range of the possible safety and health effects of failure of controls on
employees in the workplace.

Contents of Process Hazard Analysis
The process hazard analysis shall be performed by a team with expertise in engineering and process
operations, and the team shall include at least one employee who has experience and knowledge
specific to the process being evaluated. Also, one member of the team must be knowledgeable in the
specific process hazard analysis methodology being used.
The employer shall establish a system to promptly address the team's findings and recommendations.
Update the PHA at least every 5 years, or more frequently if the process changes & keep the records for
the life of the process
(f) Operating procedures (1) The employer shall develop and implement written operating procedures
that provide clear instructions for safely conducting activities involved in each covered process
consistent with the process safety information and shall address at least the following elements.
(i) Steps for each operating phase:
(A) Initial startup;
(B) Normal operations;
(C) Temporary operations;
(D) Emergency shutdown including the conditions under which emergency shutdown is required, and the assignment of
shutdown responsibility to qualified operators to ensure that emergency shutdown is executed in a safe and timely manner.
(E) Emergency Operations;
(F) Normal shutdown; and,
(G) Startup following a turnaround, or after an emergency shutdown.

(ii) Operating limits:
(A) Consequences of deviation; and
(B) Steps required to correct or avoid deviation.

(iii) Safety and health considerations:
(A) Properties of, and hazards presented by, the chemicals used in the process;
(B) Precautions necessary to prevent exposure, including engineering controls, administrative controls, and personal
protective equipment;
(C) Control measures to be taken if physical contact or airborne exposure occurs;
(D) Quality control for raw materials and control of hazardous chemical inventory levels; and,
(E) Any special or unique hazards.

Contents of PHA continued
(iv) Safety systems and their functions .
Operating procedures shall be readily accessible to employees who work in or maintain a
process- INCLUDING CONTRACTORS
The procedures shall be certified ANNUALLY as to their currency and operability
Other Safety Requirements
The employer shall develop and implement safe work practices to provide for the control of
hazards during operations such as lockout/tagout; confined space entry; opening process
equipment or piping; and control over entrance into a facility by maintenance, contractor,
laboratory, or other support personnel for everyone
Training —Each employee presently involved in operating a process, and each employee
before being involved in operating a newly assigned process, shall be trained in an overview
of the process and in the operating procedures including emphasis on the specific safety
and health hazards, emergency operations including shutdown, and safe work practices
applicable to the employee's job tasks.
Refresher training. Refresher training shall be provided at least every three years.
Training documentation. The employer shall ascertain that each employee involved in
operating a process has received and understood the training required by this paragraph.
The employer shall prepare a record which contains the identity of the employee, the date
of training, and the means used to verify that the employee understood the training.

PSM Requirements Continued
•
•
•

Contractors in the facility are governed by the same rules and requirements for
employees, including development of an accident/injury, and training logs
A pre-startup review, including employee training and shutdown is required before
the process is started. It needs to be documented!
Pressure vessels and storage tanks; Piping systems (including piping components
such as valves); Relief and vent systems and devices; Emergency shutdown
systems; Controls (including monitoring devices and sensors, alarms, and
interlocks) and, Pumps must have:
Written procedures. to maintain the process equipment.
Training for process maintenance activities
Inspection and testing on all process equipment.
Equipment deficiencies Must be corrected!
Quality assurance.
Hot work permit.

PSM Requirements
Management of change --written procedures to manage changes to process
chemicals, technology, equipment, and procedures; and, changes to facilities that
affect a covered process to insure that the following are considered prior to any
change:
(i) The technical basis for the proposed change;
(ii) Impact of change on safety and health;
(iii) Modifications to operating procedures;
(iv) Necessary time period for the change; and,
(v) Authorization requirements for the proposed change.
Affected employees must be retrained.
Incident investigation no later than 48 hours after an incident and prepare a report
which includes:
Date of incident; Date investigation began; A description of the incident; The factors that contributed to
the incident; and,
Any recommendations resulting from the investigation. A system must be in place to address the report
findings and recommendations, and it shall be reviewed by all affected employees

A detailed description of the guidance on PSM is found in Appendix C1. of the
regulations and it is reproduced in the course NOTES.

PSM Concluded:
Example of a block flow diagram:

