Hazardous Materials Technician, 1st Edition

Personal Protective Equipment

Chapter 8
Personal Protective Equipment
Lesson Goal
After completing this lesson, the student shall be able to identify and discuss various types of respiratory protection and protective clothing. Students will also be able to don, work in, and doff various kinds of protective clothing.
Objectives

Upon successful completion of this lesson, the student shall be able to:


1.
Identify various kinds of respiratory protection. [NFPA® 472, 7.2.2.2(49), 7.3.3.3]


2.
Identify various types of protective clothing. [NFPA® 472, 7.3.3.2(1-5), 7.3.3.4, 7.3.3.4.3, 7.3.3.4.5)]


3.
Identify classifications of PPE. [NFPA® 472, 7.3.3.1, 7.3.3.4.4(1-4), 7.3.3.4.5, 7.3.3.4.6]

4.
Discuss the utilization of PPE ensembles. [NFPA® 472, 7.4.2(1-2)]

5.
Describe PPE-related stresses. [NFPA® 472, 7.3.3.4.7]

6.
Describe the inspection, testing, maintenance, and storage of PPE. [NFPA® 472, 7.6.3(9)]

7.
Don, work in, and doff self-contained breathing apparatus (SCBA).  [NFPA® 472, 7.4.2(3), 7.4.3(2); Skill Sheet 8-1]

8.
Don, work in, and doff liquid splash-protective clothing.  [NFPA® 472, 7.4.2(4); Skill Sheet 8-2]


9.
Don, work in, and doff vapor-protective clothing.  [NFPA® 472, 7.4.2(4); Skill Sheet 8-3]

10.
Inspect, test, and maintain PPE. [Skill Sheet 8-4]

Instructor Information

This is the lesson covering personal protective equipment. This lesson describes respiratory protection, protective clothing, and PPE ensembles. The lesson also covers inspection, testing, and storage of PPE.  

Important instructor information is provided in shaded boxes throughout the lesson plan. Carefully review the instructor information before presenting the lesson.

This lesson includes skill evaluation checklists that assess student ability to perform skills in donning, working in, and doffing of various kinds of protective clothing. This checklist(s) will allow students to meet the requirements of objectives 7-10. 
Methodology

This lesson uses lecture, discussion, and skills evaluation checklists. The level of learning is application.
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Audiovisuals

· Visuals 8.1 to 8.69 (PowerPoint® Presentation)

Evaluation

· Chapter 8 Quiz 

· Chapter 8 Test
· Skill Evaluation Checklists 8-1 to 8-4 
Presentation Tools

Interactive Objects allow instructors to present information a piece at a time by clicking on hot spots in a larger image.
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Each object is labeled in the Lesson Outline and indicated in the PowerPoint® presentation by a RED arrow in the top left corner of the image. This lets instructors know to use the mouse to explore all of the information on the slide.
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After all of the information is displayed a reset arrow will appear in the bottom right corner of the image. Instructors can use this to remove the text and quiz students on content just covered or simply move on to the next slide.
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To move to the slide after an interactive object, select the Click for next slide arrow on the left side of the slide.

Videos are used as discussion starters or to illustrate a concept or process discussed in the chapter. 
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These are labeled in the Lesson Outline and indicated in the PowerPoint® presentation by the Click image to play arrow on the left side of the slide.
Section I: Respiratory Protection
I. Respiratory Protection
pp. 326-334
Objective 1 –
Identify various kinds of respiratory protection. 
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Respiratory Protection

1. Necessary to protect against primary danger at hazardous materials incident – chemical exposure

2. Protects from toxic products of combustion such as carbon monoxide and hydrogen chloride

3. Important part of overall health plan

4. Should be used based on certain factors

a. Chemical involved

b. Its primary hazards

c. Available oxygen content in the work area

5. Before use, responder must be medically cleared for its use
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Self-Contained Breathing Apparatus (SCBA)   
1. Atmosphere-supplying respirator for which user carries breathing-air supply

2. Components

a. Facepiece

b. Pressure regulator

c. Air hoses

d. Compressed air cylinder  
e. Harness assembly

f. End-of-service-time indicators

3. Most important piece of respiratory protection worn at haz mat incident

4. U.S. certifications

a. National Institute for Occupational Safety and Health (NIOSH)

b. Mine Safety and Health Administration (MSHA)

5. Must meet design and testing criteria of NFPA® 1981, Standard on Open-Circuit Self-Contained Breathing Apparatus (SCBA) for Emergency Services if jurisdiction has adopted standard
6. Classified as either closed-circuit or open-circuit

a. Pressure-demand

b. Positive-pressure

Instructor Note: Types of SCBA will be discussed in greater detail later in this chapter.
7. Advantages

a. Independence

b. Maneuverability
c. Protection from toxic and/or asphyxiating atmospheres

8. Disadvantages

a. Weight of units

b. Finite air-supply duration

c. Change in profile that may hinder mobility

d. Limited vision

e. Limited communications

9. If appropriate for use against chemical, biological, radiological, and nuclear agents (CBRN), must meet minimum requirements

a. Approval under NIOSH 42 CFR 84, Subpart H

b. Compliance with NFPA® 1981

c. Special tests under NIOSH 42 CFR 84.63(c)
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Closed-Circuit SCBA
1. Not widely used in today’s fire service

2. Works on principle of rebreathing inside breathing circuit of SCBA

3. How it works

a. With cylinder valve open, 100% oxygen flows from cylinder through pressure reducer to fill breathing circuit
b. When user inhales, oxygen is drawn into inhalation valve and hoses

c. Exhaled air is pushed into scrubber
d. CO2 is absorbed and removed in scrubber via chemical agent

e. “Scrubbed” breathing air must be brought into breathing bag and past a cooler

f. As cleaned air is returned back into system, oxygen is replenished by cylinder of pure oxygen

4. Advantage – Allows wearer to work for up to four hours

5. Disadvantages

a. Long duration of use may lead to exhaustion

b. Pure oxygen can be dangerous
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Supplied-Air Respirator (SAR)
1. Atmosphere-supplying respirator in which user does not carry breathing air source

2. Components
a. Facepiece

b. Belt- or facepiece-mounted regulator

c. Voice communications system

d. Up to 300 feet (91 m) of air supply hose

e. Emergency escape pack or emergency breathing support system (EBSS)

f. Breathing air source

3. Not certified for fire fighting operations

4. Classified as Type C respirators by NIOSH; two types

a. Regulator and facepiece only

b. Regulator, facepiece, and EBSS

i. SAR with escape capabilities

ii. Used in confined spaces, IDLH environments, or potential IDLH environments

5. Advantages 
a. Reduces physical stress

b. Extends work time

6. Limitations

a. Potential for damage to air supply line

b. Restricted mobility

c. Potential for hose entanglement

d. Restricted vision

e. Restricted communications
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Air-Purifying Respirator (APR) and Powered Air-Purifying Respirator (PAPR)
1. Contain air-purifying filter, canister, or cartridge

2. Remove specific contaminants found in ambient air as it passes through air-purifying element

3. Do not supply oxygen or air from separate source

4. Protect only against specific contaminants at or below certain concentrations

5. Types

a. Particulate-removing APRs

b. Vapor-and-gas-removing APRs
c. Combination particulate-removing and vapor-and-gas-removing APRs

6. May be powered or nonpowered

7. May have full or half facepieces

a. Full – Protect eyes, nose, mouth

b. Half – Protect nose, mouth; not recommended for use except in specific situations

8. Have disposable filters, canisters, or cartridges mounted on one or both sides of facepiece

9. Single canister, filter, or cartridge cannot protect against all chemical hazards

10. Questions to be answered before using APRs for protection

a. What is the oxygen level?

b. What is the hazard?

c. What concentrations are present?

11. Do NOT protect against oxygen-deficient or oxygen-enriched atmospheres

12. Must not be used in atmospheres considered to be IDLH

13. Can only be used if hazardous material has taste or smell

14. Limitations

a. Limited life of its filters and canisters

b. Need for constant monitoring of contaminated atmosphere

c. Need for normal oxygen concentration in atmosphere

15. Precautions

a. Know what chemicals/air contaminants are in air

b. Know how much of chemicals/air contaminants are in air

c. Ensure that oxygen level is between 19.5 and 23.5 percent

d. Ensure that atmospheric hazards are below IDLH conditions
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CAUTION: APRs can only be used if the hazardous material has a taste or smell.

16. Can be used at haz mat/WMD incidents after hazards have been identified
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Combination Respirators
1. SAR/SCBA

2. SAR/APR

3. Provide flexibility and extend work duration times in hazardous areas
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Review Question: What types of respiratory protection may be used by haz mat responders?

See pp. 326-334 of the manual for answers.

Section II:
Protective Clothing


II. protective clothing
pp. 334-351
Objective 2 – Identify various types of protective clothing.
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Protective Clothing

1. Determined after hazard assessment conducted

a. Has the chemical product been identified?

b. How much product is involved?

c. What harm can this product cause?

d. What are the objectives of the mission?

e. What equipment will be needed, and is it available?

2. Factors when developing protective clothing plan

a. Necessary level of protection based on hazard analysis

b. Actions required in mission

c. Properties of chemical products involved

d. Properties of CPC

e. Additional engineering controls based on chemical properties
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Review Question: How is the use of protective clothing determined? 
See p. 334 of the manual for answers.
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Thermal Protective Clothing

1. Structural fire fighting protective clothing

a. Not a substitute for chemical-protective clothing

b. Does provide some protection against many hazardous materials

c. With SCBA – Provides adequate protection against some toxic gases

d. May provide short-term exposure protection from liquid chemicals

e. Limitations

i. Not corrosive-resistant

ii. Not vapor-tight

iii. Gaps occur at neck, wrists, waist, and where pants and boots overlap

iv. Can be permeated by hazardous materials; subjects wearer to repeated exposure

f. May be appropriate for use at haz mat/WMD incidents involving chemical weapons when certain conditions are met

i. Possibility for contact with splashes of extremely hazardous materials is unlikely

ii. CBRN hazards have been identified, and they will not rapidly damage or permeate structural firefighting protective clothing

iii. Total atmospheric concentrations do not contain high levels of chemicals toxic to skin, and there are no adverse effects from chemical exposure to small areas of unprotected skin

iv. There is chance of fire or there is fire

v. When structural fire fighting protective clothing is only PPE available; CPC is not immediately available; and Incident Commander (IC) decides it is appropriate after conducting risk assessment
Instructor Note: Discuss the Information Box “Considerations for the Use of Structural Fire Fighting Protective Clothing in CBRN Environments” on p. 337 of the manual.

g. Will provide protection against thermal damage in explosive attack

h. Limited or no protection against projectiles, shrapnel, other mechanical effects from blast

i. Provides adequate protection against some radiological materials, but not others
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Proximity suits

a. Allow close approach to fires for rescue, fire-suppression, and property-conservation activities

b. Provide greater heat protection than traditional structural fire fighting protective clothing

3. Fire entry suits

a. Allow work in total flame environments for short periods of time

b. Provide short-duration and close-proximity protection at radiant heat temperatures as high as 2,000°F (1 093°C)

c. Each has specific use; components are not interchangeable

d. Not designed to protect wearer against chemical hazards

4. Flame-retardant coveralls

a. Often used under variety of CPC

b. Usually made of Nomex®, PBI/Kevlar®, or flame-resistant cotton

c. Provide wearer limited means of flame protection

5. Cryogen-rated PPE

a. Provide protection against cryogens such as liquid oxygen or liquid nitrogen

b. Types

i. Aprons

ii. Gloves

iii. Faceshields

iv. Goggles

c. Never wear cuffed pants, shirts

6. Selecting thermal protective clothing — Should be based on task or tasks that need to be performed and what other garments may be needed to complete the mission

C. [image: image19.png](cont)




Chemical Protective Clothing (CPC)

1. Shields or isolates individuals from chemical, physical, and biological hazards that may be encountered during hazardous materials operations
2. Made from variety of materials, none of which protects against all types of chemicals
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WARNING! No single type of CPC protects against all chemical or physical hazards.
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Designed to afford wearer known degree of protection from known type, concentration, and length of exposure to hazardous material

4. Can cause wearer to suffer heat disorders

5. Requires a written management program regarding selection and use

6. Must be decontaminated before storage or disposal
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Liquid-splash protective clothing

a. Designed to protect users from chemical liquid splashes but not against chemical vapors or gases

b. Minimum design criteria covered in NFPA® 1992

c. Encapsulating

i. Single, one-piece garment that protects against product splashes

ii. Boots and gloves may be separate or attached

iii. Limitations

(a) Impair worker mobility, vision, and communication

(b) Trap body heat and may require cooling vest, particularly when SCBA is also worn
d. Nonencapsulating

i. Typically consists of one-piece coverall

ii. Sometimes composed of individual pieces

iii. Gaps usually taped closed

iv. Limitations

(a) Does not protect against gases and vapors

(b) Does not provide full-body coverage

(c) Trap body heat and contribute to heat stress

e. Most not resistant to heat or flame exposure 

f. Does not protect against projectiles or shrapnel

g. May use an SCBA, SAR, or full-face, air-purifying, canister-equipped respirator

h. Used in Class 3 ensembles described in NFPA® 1994 and EPA Level B ensembles
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Vapor-protective clothing

a. Designed to protect wearer against chemical vapors or gases

b. Offers a greater level of protection than liquid-splash protective clothing

c. NFPA® 1991

i. Sets requirements for minimum level of protection

ii. Sets performance requirements for vapor-tight, totally encapsulating chemical-protective (TECP) suits

iii. Includes rigid chemical-resistance and flame-resistance tests and permeation test

iv. Includes standards for performance tests in simulated conditions

d. Must be worn with positive-pressure SCBA or combination SCBA/SAR
e. May require airline respirator

f. Components of Class 1 and 2 ensembles used at chemical and biological haz mat/WMD incidents as specified in NFPA® 1994

g. Primarily used as part of EPA Level A protective ensemble

h. Provides greatest degree of protection against respiratory, eye, or skin damage from hazardous vapors, gases, particulates, sudden splash, immersion, or contact with hazardous materials

i. Limitations

i. Do not protect against all chemical hazards

ii. Do not allow body heat to escape and may require use of a cooling vest

iii. Impair mobility, vision, and communication

j. Made from variety of special materials

k. Tested for permeation resistance against several chemicals

i. Acetone

ii. Acetonitrile

iii. Anhydrous ammonia gas

iv. 1,3-Butadiene gas

v. Carbon disulfide

vi. Chlorine gas

vii. Dichloromethane

viii. Diethyl amine
ix. Dimethyl formamide

x. Ethyl acetate

xi. Ethylene oxide gas

xii. Hexane

xiii. Hydrogen chloride gas

xiv. Methanol

xv. Methyl chloride gas

xvi. Nitrobenzene

xvii. Sodium hydroxide

xviii. Sulfuric acid

xix. Tetrachloroethylene

xx. Tetrahydrofuran

xxi. Toluene
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CAUTION: While CPC is tested for permeation resistance against numerous hazardous chemicals, it does not address their flammable characteristics.

D. [image: image25.png]CPC for weapons of mass destruction
is divided into several classes.

I
Class 2 Ensembles.

NFPA® 1994:

Class 3 Ensembles.

Class 4 Ensembles




CPC for Weapons of Mass Destruction

1. Addressed in NFPA® 1994, Standard on Protective Ensembles for First Responders to CBRN Terrorism Incidents
2. Classes
a. Class 2 ensembles — Intended for use at terrorism incidents involving vapor or liquid chemical or particulate hazards where concentrations are at or above IDLH level requiring use of CBRN compliant SCBA

b. Class 3 ensembles — Intended for use at terrorism incidents involving low levels of vapor or liquid chemical or particulate hazards where concentrations are below IDLH, permitting use of CBRN-compliant APR or PAPR
c. Class 4 ensembles 

i. Intended for use at terrorism incidents involving biological or radiological particulate hazards where concentrations are below IDLH levels permitting use of CBRN-compliant APR or PAPR

ii. Not tested for protection against chemical vapor or liquid permeability, gas-tightness, or liquid integrity
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Specialized Response PPE

1. Mission-orientated protective posture (MOPP)

a. Used by U.S. military to protect against chemical, biological, and radiological hazards

b. Consists of overgarment, mask, hood, overboots, and protective gloves

c. Provides six flexible levels of protection (0-4, plus Alpha) based on threat level, work rare for the mission, temperature, and humidity

d. Higher level, greater protection

e. Joint service lightweight integrated suit technology (JSLIST)

i. Component of MOPP

ii. Provides protection against liquid, solid, and/or vapor CB agents and radioactive alpha and beta particles

iii. Manufactured of lightweight 50% nylon and 50% cotton ripstop water repellant permeable materials

iv. Equipped with charcoal/carbon lining designed to absorb harmful materials

v. Will be degraded when in contact with certain solvents
vi. Can be laundered for personal hygiene up to six times

vii. May be worn 45 consecutive days with total out of bag available usage of 120 days

2. Law enforcement PPE – Body armor
a. Designed to protect against ballistic threats
b. Prevents bullet from penetrating body because fibers from which armor is constructed essentially work as very tightly woven net

c. Should be replaced after impact or damage

d. Categories determined by National Institute of Justice

i. Type I – Least amount of protection

ii. Type IV – Greatest amount of protection

3. Bomb suits

a. Must provide full body protection against fragmentation, overpressure, impact, and heat

b. Normally designed to meet appropriate military specifications

c. Incorporate high-tech materials and ballistic plates in head-to-toe ensemble

d. Helmets usually designed with built-in communications capabilities and forced-air ventilation systems

e. Significantly impair dexterity and range of motion
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Additional Equipment

Instructor Note: Remind students that CPC should not be worn unless it is part of a total ensemble. The additional equipment discussed here may be necessary to offer total protection to response personnel.

1. Gloves

a. Must be selected based on chemicals present

b. Must not be susceptible to permeation, penetration, or degradation within reasonable period of time

c. Processes used in manufacturing
i. Poured gloves – Use material in liquid form that is poured over mold

ii. Cut and assembled gloves – Laminated fabric materials poured over mold; RF wave used to seal seams

d. Overgloves – May provide protection from physical and/or mechanical damage

e. Undergloving – Using thin medical-type glove under primary gloves

2. Boots

a. Should protect both sole and toes
b. Must offer protection from hazardous material

c. May be built-in or separate

d. May include built-in bootie and/or gaiter

i. Allows separate footwear to be worn over chemical protective suit

ii. Can be pulled down over boot to ensure that chemical product cannot enter boot

iii. If worn over chemical-protective suit, should be approximately two sizes larger than normal street shoe size of the wearer

3. Head protection

a. Should be approved by safety and standard organization

b. Should provide a snug fit
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Eye, face, and hearing protection

a. Eye and face protection

i. May be integrated into breathing apparatus

ii. May include safety glasses and/or faceshield or visor

b. Hearing protection

i. May be necessary regardless of protective clothing

ii. Should be considered disposable

iii. May not be able to be decontaminated
5. Communications

a. Must offer intrinsic safety if used in any type of flammable environment

b. Must consider type of CPC worn

i. May not be able to manipulate microphone button within suit

ii. May not be able to manipulate buttons while wearing multiple gloves

c. May need to be voice-activated

Instructor Note: If a portable radio is exposed to a chemical, it may not be able to be adequately decontaminated and may have to be destroyed.

6. Cooling vests

a. May be necessary to reduce effects of environmental stress on responder

b. Worn on upper torso 

c. Work to reduce core and skin temperature of wearer

d. Allow for longer and more comfortable operational period

e. Can offer heated option that benefits in colder weather

f. Relatively lightweight

7. Tape

a. Can be helpful when sealing openings between critical components of protective ensembles

Instructor Note: Taping does not provide reliable barrier performance.
b. Cannot provide completely liquid- or vapor-tight seal
c. Can reduce bulk flow if carefully applied

d. Should be viewed as means to hold clothing items in place

e. Should not include use of duct tape

i. May react with chemicals

ii. May damage reusable garments
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Review Question: What types of protective clothing may be used at a hazardous materials incident? 

See pp. 334-351 of the manual for answers.
Section III: PPE Classifications


III. PPE Classifications
pp. 352-364
Objective 3 – Identify classifications of PPE.
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EPA/OSHA Levels of Protection
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Level A ensembles
a. Provide highest level of protection against vapors, gases, mists, and particles for respiratory tract, eyes, and skin

b. Requirements

i. Positive-pressure, full facepiece, SCBA, or positive-pressure airline respirator with escape SCBA, approved by NISOH

ii. Vapor-protective suits: TECP suits constructed of protective-clothing materials that meet certain criteria

(a) Cover wearer’s torso, head, arms, and legs

(b) Include boots and gloves that may either be an integral part of suit or separate and tightly attached

(c) Enclose wearer completely by itself or in combination with wearer’s respiratory equipment, gloves, and boots

(d) Provide equivalent chemical-resistance for all components of TECP suit
(e) Meet the requirements in NFPA® 1991

iii. Coveralls (optional)
iv. Long underwear (optional)

v. Chemical-resistant outer gloves

vi. Chemical-resistant inner gloves

vii. Chemical-resistant boots with steel toe and shank

viii. Hard hat (optional)

ix. Disposable protective suit, gloves, and boots

x. Two-way radios 

c. Used in following situations
i. Chemical hazards are unknown or unidentified

ii. Chemical(s) have been identified and have high level of hazards to respiratory system, skin and eyes

iii. Site operations and work functions involve high potential for splash, immersion, or exposure to unexpected vapors, gases, or particulates of material that are harmful to skin or capable of being absorbed through intact skin

iv. Substances are present with known or suspected skin toxicity or carcinogenicity

v. Operations that are conducted in confined or poorly ventilated areas

d. Types

i. Level A Type I 

(a) Designed to cover wearer and their respiratory protection completely

(b) SCBA worn inside suit

(c) Gastight
ii. Level A Type II

(a) Hooded style

(b) Require SCBA to be worn on outside

(c) Gastight

(d) Hood designed so that breathing apparatus facepiece seal will create sealed closure

(e) Good for limited movement operations
iii. Level A Type III

(a) Designed for use with a supplied-air respirator (SAR)
(b) Breathing apparatus may be worn inside or outside based on design

(c) If air line feeds respiratory protection through suit, hose must be inserted through gas-tight “pass-through”
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Level B ensembles
a. Include SCBA or SAR and provide protection against splashes from hazardous chemicals
b. Worn when highest level of respiratory protection is necessary but lesser level of skin protection is needed

c. Provide liquid-splash protection but little or no protection against chemical vapors and gases to the skin

d. May be encapsulating or nonencapsulating

e. Elements

i. Positive-pressure, full facepiece, SCBA, or positive-pressure airline respirator with escape SCBA approved by NIOSH

ii. Hooded chemical-resistant clothing that meets requirement of NFPA® 1992

iii. Coveralls (optional)

iv. Chemical-resistant outer gloves
v. Chemical-resistant inner gloves

vi. Chemical-resistant boots with steel toe and shank

vii. Disposable, chemical-resistant outer boot covers (optional)

viii. Hardhat

ix. Two-way radios

x. Faceshield (optional)

f. Provide same level of respiratory protection as Level A but have less skin protection

g. Provide liquid-splash protection but no protection against chemical vapors or gases

h. Used in following situations

i. Type and atmospheric concentration of substances have been identified and require high level of respiratory protection but less skin protection

ii. Atmosphere contains less than 19.5 percent oxygen or more than 23.5 percent oxygen

iii. Presence of incompletely identified vapors or gases is indicated by direct-reading organic vapor detection instrument but vapors and gases are known not to contain high levels of chemicals harmful to skin or capable of being absorbed through intact skin

iv. Presence of liquids or particulates is indicated, but they are known not to contain high levels of chemicals harmful to skin or capable of being absorbed through intact skin

i. Types

i. Level B Type I

(a) Garments are designed to cover wearer completely, with SCBA worn inside garment

(b) Provides maximum splash protection

(c) Respiratory equipment protected from exposure
ii. Level B Type II — Garments are hooded design with respiratory protection worn on outside

iii. Level B Type III

(a) Garments are designed for use with SAR

(b) Breathing apparatus may be worn on inside or outside based on design
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Level C ensembles
a. Differ from Level B in area of equipment needed for respiratory protection
b. Composed of splash-protecting garment and air-purifying device

c. Include any of various types of APRs

d. Should not be used unless specific material is known, it has been measured, and level is approved by IC after all qualifying conditions for APRs and PAPRs have been met

e. Require periodic air monitoring

f. Required elements

i. Full-face or half-mask APRs, NIOSH approved

ii. Hooded chemical-resistant clothing

iii. Coveralls (optional)
iv. Chemical-resistant outer gloves

v. Chemical-resistant inner gloves

vi. Chemical-resistant boots with steel toe and shank

vii. Disposable, chemical-resistant boot covers (optional)
viii. Hardhat

ix. Escape mask (optional)
x. Two-way radios

xi. Faceshield (optional)
g. Provide same level of skin protection as Level B but have lower level of respiratory protection

h. Provide liquid-splash protection but no protection from chemical vapors or gases on the skin

i. Used in following situations

i. Atmosphere contaminants, liquid splashes, or other direct contact will not adversely affect exposed skin or be absorbed through any exposed skin
ii. Types of air contaminants have been identified, concentrations have been measured, and an APR is available that can remove contaminants

iii. All criteria for use of APRs  are met

iv. Atmospheric concentration of chemicals does not exceed IDLH levels
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Level D ensembles
a. Consist of typical work uniforms, street clothing, or coveralls

b. Include structural fire fighting protective clothing

c. Can be worn only when no atmospheric hazards exist

d. Required elements

i. Coveralls

ii. Gloves (optional)
iii. Chemical-resistant boots/shoes with steel toe and shank 
iv. Disposable, chemical-resistant outer boot covers (optional)
v. Safety glasses or chemical-splash goggles

vi. Hardhat

vii. Escape device in case of accidental release and need to immediately escape area (optional)
viii. Faceshield (optional)
e. Provide no respiratory protection and minimal skin protection

f. May not be worn in hot zone

g. Not acceptable for haz mat emergency response above Awareness Level
h. Used when both of the following conditions exist

i. Atmosphere contains no hazard

ii. Work functions preclude splashes, immersion, or potential for unexpected inhalation of or contact with hazardous levels of any chemicals
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Review Question: How do the different levels of EPA protection differ? 

See pp. 352-357 of the manual for answers.
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NFPA® Levels of Protection
1. Similar to EPA and OSHA standards

2. NFPA® 1991
a. Standard on Vapor Protective Ensembles for Hazardous Materials Emergencies

b. Defines highest level of protection from skin hazards such as
i. Gases

ii. Vapors

iii. Liquids

iv. Particulate

c. Specifies 

i. Minimum design, performance, certification, and documentation requirements

ii. Test methods for liquid splash-protective ensembles and liquid splash-protective clothing

3. NFPA® 1992

a. Standard on Liquid Splash-Protective Ensembles and Clothing for Hazardous Materials Emergencies

b. Addresses chemical protective clothing for splash protection

c. Concurrent with EPA/OSHA Level B chemical protective clothing

d. Specifies minimum design, performance, certification, and documentation requirements along with test methods for liquid splash-protective ensembles and liquid splash-protective clothing

e. Establishes additional optional criteria for chemical flash fire protection

4. NFPA® 1994

a. Standard on Protective Ensembles for First Responders to CBRN Terrorism Incidents

b. Outlines minimum requirements for design, performance, testing, documentation, and certification of protective ensemble elements for protection of emergency first responder personnel from chemicals, biological agents, and radiological particulate (CBRN) terrorism agents

c. Addresses protective ensembles specifically for emergency responders
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Selecting a Level of Protection

1. Questions to be answered

a. What is the chemical?

b. How much chemical is involved?

c. How can this chemical hurt us?

d. What can we do to properly mitigate the incident?

e. What protection will be necessary to keep response personnel safe?

f. Do we have the proper equipment in our inventory or is it available?
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Review Question: What questions should be answered when selecting a level of protection? 

See p. 358 of the manual for answers.
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Two factors drive risk-based selection of PPE

a. Hazards present

b. Mission of response

3. In case of unidentified chemicals, rely upon the following to identify potential hazards

a. Observation of product and container

b. Air monitoring instrumentation

c. Detection devices, including lower explosive limit (LEL) sensor
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WARNING!: Air monitoring and instrumentation should reinforce the selection and use of chemical protective clothing. The improper selection and use of chemical protective clothing in a flammable atmosphere may be deadly.
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Hazard concerns for PPE considerations

a. Gaseous form

i. No specific volume

ii. Will assume shape of container

iii. If compressed into liquid, will vaporize and create a very large amount of gas
b. Liquid form

i. Will take shape of container

ii. Bound by gravity and will travel based on terrain, topography, and volume

iii. May release vapors, which can become a problem downrange

iv. If under pressure, may aerosolize

c. Solid form

i. May not be as mobile as gas or liquid

ii. Those with large surface areas may have ability to act like gas, but without vapor density

d. Chemical’s location

i. Outside – Lower concentration, greater ability to dissipate

ii. Confined – Dispersion rate diminished, greater chance of higher concentration

e. Overall mission

i. May change level of protection and clothing material based on expected intensity and duration of contact

ii. Should include consideration of physical hazards
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Chemical resistance/compatibility

a. Permeation
i. Process that occurs when chemical passes through fabric on molecular level

ii. No visible evidence

iii. Rate depends on several factors

(a) Chemical properties of compound

(b) Nature of protective barrier in CPC

(c) Concentration of chemical on surface of CPC
b. Chemical degradation

i. Occurs when characteristics of material are altered through contact with chemical substances

ii. Examples

iii. Most common observations

(a) Discoloration

(b) Swelling

(c) Loss of physical strength

(d) Deterioration
c. Penetration
i. Process that occurs when hazardous material enters opening or puncture in protective material

ii. Includes rips, tears, and cuts in protective materials

d. Selection of CPC is based on whether the chemical product is

i. Toxic by skin absorption

ii. Flammable

iii. Corrosive

iv. Has a vapor pressure > 200 mm Hg

v. Has splash or immersion potential

e. Estimated breakthrough time should be no lower than 60 minutes

D. [image: image43.png]CPC can also be classified as
limited-use or multi-use.

Multi-use

- DIESTA




Limited-Use vs. Multi-Use CPC

1. Required because decontamination may not remove 100% of contaminant

2. Limited-use CPC

a. Discarded after single use

b. Eliminates health and safety concerns regarding decontamination

c. Usually made of laminated plastics, not woven material; reduces durability

d. Suitable for only one use

e. Must be disposed of according to local protocols

f. Examples

3. Multi-use CPC

a. Allows for decontamination based on fabric design and manufacturing requirements

b. Usually thicker and more durable than limited-use

c. Examples
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Review Question: What are the differences between limited-use and multi-use CPC? 

See pp. 363-364 of the manual for answers.
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Protective Clothing Materials and Manufacturing Processes

1. Different materials can withstand different threats posed by the challenge chemicals to which the suit has been tested

2. Different materials will work best in certain situations and may have limitations based on hazard at hand

3. Material manufacturers

a. DuPont®
b. Dow®
c. Lakeland®
4. Seam construction is very important

a. Surged/sewn seam – Seam where three threads are interlocked around the raw edge of two piles of material

b. Bound seam

i. Clean finished binding that encapsulates raw edges of two piles of fabric

ii. All layers are sewn through with chain stitch

c. Ultrasonic joined seam 

i. Two sections of materials are lapped and acoustically welded

ii. Allows for clean seam with no needle holes

d. Taped seam – Sewn seam is covered with layer of compatible material and then heat sealed
e. Double-taped seam – Similar to taped seam but both sides of seam are taped and then heat sealed

Section IV:
Utilizing PPE Ensembles
IV. Utilizing ppe ensembles
pp. 364-374
Objective 4 – Discuss the utilization of PPE ensembles. 
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Pre-Entry Inspection
1. Visual inspection – Should uncover any defects or deformities in protective equipment

2. Operational check

a. Operationally check any breathing apparatus before use
b. Check and move all zippers and closures
c. Inspect valves
d. Deploy and test all communications equipment
e. Confirm pressure test completion date
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Donning and Doffing of PPE

1. Donning of PPE

a. Preselect donning and doffing area in cold zone as close to entry point as possible

b. Ensure that donning and doffing area is isolated from distractions and sheltered from elements, if possible

c. Select area that is large enough to accommodate all personnel involved in procedures

d. Plan for as many as twelve people to be involved in donning procedures

i. Recommended one assistant to every entry and backup team member being dressed

ii. Ratio of two assistants should be considered if staffing will allow

e. Take baseline vitals

f. Begin hydration procedures for all members who may be involved in entry

g. Conduct mission briefing before donning process to ensure that all members are attentive and there are no distractions

i. Specifics of mission

ii. Work activities that will be conducted

iii. Possible hazards

iv. Emergency signals

h. Deploy chemical protective clothing in organized manner

i. Check all equipment visually and operationally prior to donning to ensure proper working order

j. Ensure that entry team members have removed all personal effects

k. Don appropriate undergarments at this time

l. Other guidelines

i. Seat entry teams on backless chairs

ii. Have assistants perform physical activities of donning to reduce stress levels

iii. Remain ready and off air until entry order has been given

iv. At entry access point, safety officer should perform final check
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Review Question: What things should be done before donning PPE? 
See pp. 366-368 of the manual for answers.
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Doffing of PPE

a. Requires decontamination

b. Should include check for signs and symptoms of heat stress

c. Guidelines

i. Personnel should be seated and remain seated, allowing assistants to perform work

ii. Entry team members should only touch inside of garments and never outside; assistants should touch outside only

iii. Once garments are removed, should be zipped or stored so that inside and outside surfaces cannot touch

iv. All entry garments should be placed in containment bag and appropriately marked

v. Last item removed from entry personnel should be respirator facepiece; should be removed by user

vi. Breathing apparatus should be isolated and marked for appropriate decontamination

vii. All entry team members should start hydration process as soon as possible
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Safety Procedures

1. Safety briefing topics

a. Status of incident
b. Hazards identified

c. Description of site

d. Tasks to be performed

e. Expected duration of tasks

f. Escape route or area of refuge

g. PPE and monitoring requirements

h. Monitoring requirements

i. Notification of identified risks

j. Other pertinent information
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Buddy system

a. Safest mode of operation

b. Should consist of two or more equally protected responders

c. Required by 29 CFR 1910.134 anytime emergency responders are to enter IDLH atmosphere

3. Contamination avoidance

a. Definitions

i. Contamination – Condition of impurity resulting from mixture of contact with foreign substance

ii. Exposure – Hazardous material has entered or potentially entered body via routes of entry
b. Best practices

i. Always try to reduce any contact with product; avoid walking through and touching product whenever possible

ii. Do not kneel or sit on ground in CPC, if possible

iii. Protect monitoring instruments as best as possible

4. Suit integrity

a. Suits can be compromised over course of mission work period

b. Critical concerns – Penetration, permeation, degradation

c. If compromised, should be treated as true emergency and rapid exit of work zone is necessary
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Note: Care should be taken not to increase the chances of decreasing the garment’s chemical-resistive capabilities by causing physical damage to the suit by careless work practices.
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Air management

a. Must be considered in planning stages to ensure adequate work time

b. May require stocking of SCBA cylinders of different sizes and volumes
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Note: A cylinder’s service pressure and rating is not a true indication of the overall work time. The one constant is the amount of air the cylinder will contain when it is full.
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Mission work duration

a. Dynamic, based on following conditions

i. Physical conditioning of responder

ii. Experience of responder

iii. Comfort level of responders with situation and equipment

iv. Stress

v. Environmental factors

b. Factors to consider 

i. Safety buffer – Approximately one-third of the cylinder’s working time should be allotted
ii. Travel time

iii. Decon – Dynamic consideration based on amount of people
iv. Responder workload – The harder responders work, the heavier they will breathe and the more air they will consume

v. Environmental factors – Elevated temperatures can change air consumption during mission
vi. Work mission statement – Will let entry personnel visualize timetables of entire mission

7. Communication – Radio communications
a. Required by NFPA® for all levels of protection

b. If lost, imperative that backup system be part of operational plan

c. Hand signals should be developed for following situations

i. Loss of air supply

ii. Loss of suit integrity

iii. Buddy down

iv. Loss of radio communications

d. Emergency evacuation signal

i. Should be developed

ii. Should be included in incident action plan

iii. Indicates that immediate exit from hot zone is necessary

iv. Should be audible and broadcast over radio frequency
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Review Question: What safety precautions should be followed when donning and doffing PPE? 

See pp. 370-373 of the manual for answers.
Section V: PPE-Related Stresses

V. ppe-related stresses

pp. 375-378
Objective 5 – Describe PPE-related stresses. 
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Heat-Related Issues

1. Heat stroke

2. Heat exhaustion

3. Heat cramps

4. Heat rashes

5. Prevention

a. Fluid consumption

i. Hydrate with water or commercial body-fluid-replenishment drink

ii. Drink generous amounts before and during operations

iii. Drink 7 ounces (200 ml) of fluid every 15 to 20 minutes as opposed to drinking large quantities once an hour

iv. Drink room-temperature water after a work period
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Note: Avoid liquids such as alcohol, coffee, and caffeinated drinks (or minimize their intake) before working. These beverages can contribute to dehydration and heat stress.
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Air cooling

i. Wear undergarments or similar types of clothing that provide natural body ventilation

ii. Once PPE has been removed, blowing air can help evaporate sweat

c. Ice cooling – Care must be taken not to damage skin with direct contact, as well as to not cool off an individual too quickly

d. Water cooling – When water evaporates from skin, it cools
e. Cooling vests

i. May use ice, fluids, evaporation, gels, or phase change cooling

ii. May be bulky and cumbersome, and may impair movement

f. Rest/rehab areas – Provide shade, humidity changes, and air-conditioned areas for resting
g. Work rotation – Rotate responders exposed to extreme temperatures or those performing difficult tasks frequently

h. Physical fitness – Encourage responders to maintain good physical fitness
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CAUTION: Use of cooling vests is being reviewed in Canada and the U.S. due to various health concerns, and several haz mat teams have disallowed them.
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Cold-Related Issues
1. Can be caused by weather and/or other conditions such as exposure to cryogenic liquids

2. Include trench foot, frostbite, and hypothermia
3. Caused by various environmental conditions

a. Low temperatures

b. High/cool winds

c. Dampness

d. Cool water
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Psychological Issues

1. Confinement of CPC may cause claustrophobia

2. May be preventable through adequate training
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Review Question: What guidelines can help prevent PPE-related stresses?
See pp. 375-378 of the manual for answers.
Section VI: PPE Inspection, Testing, Maintenance, and Storage

VI. ppe inspection, testing, maintenance, and storage

pp. 378-381
Objective 6 – Describe the inspection, testing, maintenance, and storage of PPE.
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Inspection
1. Should be performed

a. Whenever exposed or contaminated at incident

b. When received into inventory – Called acceptance testing

2. Requires documentation

a. Specifications of the protective garment

b. Suit identification number

c. Date it was placed in service

d. Name and title of person placing suit into service

e. Results of acceptance test

B. Testing

1. Required of suit that has been used and decontaminated before placing back into service

2. Visual inspection – For defects, deficiencies, and/or degradation

3. Tactile inspection – Check for softness or stickiness

4. Pressure test – Ensures that Level A suits are gastight; done based on manufacturer’s recommendations

5. Soap bubble test – Helps identify leaks; spray suit with mildy soapy solution while under pressure

6. Light bar test – Helps identify any deficiencies in the suit; place fluorescent light inside suit

7. Documentation – Required of all results

Note: All testing and inspections should be performed according to department protocols and manufacturer’s directions.
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Maintenance and Storage

1. Should be performed according to manufacturer’s recommendations

2. Should be stored away from contaminants and out of sunlight

3. Sealed containers 
a. Ensure that next users know garments are maintained, tested, inspected, and can be used with confidence

b. Best place for storage
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Documentation and Written PPE Program

1. Documentation

a. Paramount for all haz mat equipment

b. Allow garment to be tracked over lifespan

c. Should include

i. Suit ID

ii. List of all repairs including who made the repair, how long the suit was out of service, what was done during the repair process, and when it was returned into service

iii. Suit use, including training and response

iv. Date, time, and duration of any chemical exposure

v. Date, time, and duration of any solutions used to decontaminate suit

vi. Date, time, and duration of any person wearing suit

vii. Results of all suit testing

2. Written PPE plan

a. Required by 29 CFR 1910.120

b. Should be cornerstone of any response agency’s policies and procedures

c. Should be part of agency’s employee health and safety program

d. Should be specific to CPC and equipment

e. Should include

i. Selection of CPC based on known and researched product hazards

ii. Any limitations of protective clothing during use

iii. Outline of proper maintenance and storage of protective equipment 

iv. Training

v. Proper wear and fit of protective garments along with specific donning and doffing procedures

vi. In-depth inspection procedures
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Review Question: How should PPE be inspected, tested, maintained, and stored?
See pp. 378-381 of the manual for answers.
Section VII: Skill Sheets


VII. SKILL SHEETS

pp. 383-384
Objective 7 – Don, work in, and doff self-contained breathing apparatus (SCBA).  
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Skill Sheet 8-1
1. For this skill sheet, students will don, work in, and doff SCBA

2. This skill sheet can be found in the Skills Evaluation Checklist 8-1 on the curriculum flash drive

3. This checklist corresponds with the information on pp. 383-384 of the manual

pp. 385-386
Objective 8 – Don, work in, and doff liquid splash-protective clothing.  
B. Skill Sheet 8-2
1. For this skill sheet, students will don, work in, and doff liquid splash-protective clothing

2. This skill sheet can be found in the Skills Evaluation Checklist 8-2 on the curriculum flash drive

3. This checklist corresponds with the information on pp. 385-386 of the manual

p. 387
Objective 9 – Don, work in, and doff vapor-protective clothing.  
C. Skill Sheet 8-3
1. For this skill sheet, students will don, work in, and doff vapor-protective clothing

2. This skill sheet can be found in the Skills Evaluation Checklist 8-3 on the curriculum flash drive

3. This checklist corresponds with the information on p. 387 of the manual

pp. 388-389
Objective 10 – Inspect, test, and maintain PPE. 
D. Skill Sheet 8-4
1. For this skill sheet, students will inspect, test, and maintain PPE

2. This skill sheet can be found in the Skills Evaluation Checklist 8-6 on the curriculum flash drive

3. This checklist corresponds with the information on pp. 388-389 of the manual

Section VIII: Summary and Review 
VIII. SUMMARY AND REVIEW
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Chapter Summary

1. Personal protective clothing for haz mat response is wide ranging based on the hazards at hand.
2. It is important to fully understand the capabilities and limitations of all types of protective garments.
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PPE ensembles usually combine respiratory protective equipment such as SCBA or respirators with protective clothing such as firefighter protective gear, chemical-protective clothing, and/or body armor.

B. Review Questions

1. What types of respiratory protection may be used by haz mat responders? (326-334)
2. How is the use of protective clothing determined? (334)
3. What types of protective clothing may be used at a hazardous materials incident? (334-351)
4. How do the different levels of EPA protection differ? (352-357)
5. What questions should be answered when selecting a level of protection? (358)
6. What are the differences between limited-use and multi-use CPC? (363-364)
7. What things should be done before donning PPE? (366-368)
8. What safety precautions should be followed when donning and doffing PPE? (370-373)
9. What guidelines can help prevent PPE-related stresses? (375-378)
10. How should PPE be inspected, tested, maintained, and stored? (378-381)
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