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Introduction.  
The contents of this document are part of the OSHA-required information associated with Chemical Hygiene.  It is intended to be used in concert with and in addition to GPG 1700.2.  Because the requirements are updated periodically by OSHA, this document is continuously maintained current by Code 205.2. 
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1.
General information 
Almost all laboratory chemicals are hazardous in some way.  Personnel in chemistry laboratories may be working with new chemicals whose hazards may be unknown.  Even though minute samples and new observation methods are used, our increased understanding of environmental and health problems must be reflected in improved and safe working conditions in laboratories.  The hazards of handling chemicals may be classified as physical or chemical.

· Physical hazards deal with physical features such as fire, explosion, electric shock, falling, etc. Other physical hazards arise from containment measures like compressed gas cylinders, cryogenic equipment, furnaces, refrigerators, and glass apparatus. Physical hazards can usually be controlled or mitigated by some sort of hardware (e.g., guard rails).

· Chemical hazards are associated with the toxic effects of chemicals, and may be chronic or acute. 

· Chronic hazards show the toxicological effects after a long delay or after exposure over long periods of time.  These effects may involve cumulative damage to many different organs or parts of the body.  Some can be reversed by the elimination of exposure to the chemical, but some are nearly irreversible, especially after there has been much damage.  Carcinogenic effects are usually chronic.

· Acute hazards produce prompt or only slightly delayed effects such as serious burns, inflammation, allergic responses, or damage to the eyes, lungs, or nervous system.  Some chemicals require only small amounts to cause death or severe injury very quickly.  Some chemicals such as chlorine or ammonia give considerable warning.  

1.1
Safety Planning 
1.1.1

General Laboratory Safety Requirements 
Many factors contribute to laboratory safety: analyses of equipment, analyses of processes and procedures, establishment of safety rules and procedures, identification and installation of safety equipment, employee training and qualification, personal protective equipment (PPE), and many others that affect operations and safety in the laboratory.
Generally, the first requirement is to do a Process Hazard Analysis.  This is followed by other activities, including the generation of a Chemical Hygiene Plan, general Laboratory Safety Procedures, and general operating procedures, all of which become part of a Laboratory Safety Documentation Set (see GPG 1700.2).  Engineering and administrative controls are provided, as are PPE.  Finally, lab workers should be trained in these procedures, and certify that they have read and understand the requirements.  The information provided herein is part of the training process for personnel working in laboratories.

1.1.2

Process Hazard Analysis (PHA) 
These analyses should be done for every laboratory that performs chemical research or processing on a laboratory scale, i.e., where the quantities of chemicals in their containers can be handled easily by one person.  The PHA identifies procedures, equipment, and processes to minimize the risks associated with handling hazardous chemicals. It also helps to identify processes, environments, or work activities that would necessitate employee utilization of PPE.
A PHA should be done for every chemical process, and if there are multiple chemical processes, a separate PHA may be necessary for each process.  Determination of when to do a PHA is the responsibility of the Laboratory Manager and the branch head.  The completed analysis becomes a Controlled Document that requires revalidation or revision annually.
Completion of PHAs is an activity that involves multiple personnel.  The process works best when the laboratory workers participate in performing the analysis.  The Safety and Environmental Branch (Code 205.2) is available to assist in this process.
The PHA forms are available in three versions: Low Hazard Review Checklist, Moderate Hazard Review Checklist, and High Hazard Review Checklist.  They can be found on the Goddard Directives Management System site as forms 23-56, 23-57, and 23-58, respectively.  
1.1.3

Training and Certification 
Personnel working in laboratories should be familiar with laboratory procedures, safety requirements, use of special equipment, use of PPE, emergency procedures, and various other topics.  Workers at all levels should read the information contained herein, as well as other information listed in GPG 1700.2, and certify that they have read and understand it.  This certification becomes part of each individual worker’s Lab Safety Certification, and is subject to periodic recertification.  Supervisors may require specific workers to reread and recertify any time they feel additional training is needed.

The form of the certification is up to the Laboratory Manager and/or the branch head.  This is described in section 2.2.4.
Special equipment, such as respirators and other PPE, require special training, which is the responsibility of the supervisor.  The Laboratory Manager is responsible for ensuring that only those personnel who are properly trained can work in the laboratory.  Even visitors may require limited orientation in laboratory safety procedures.

Employees should know and understand the safety rules and procedures that apply to the work being done.  They should know the location of the Laboratory Safety Documentation Set, and be familiar with its contents.  They should understand the potential hazards (physical, chemical, biological) and appropriate safety precautions before beginning any new operation.  They should use the material safety data sheets for information on hazards, observe appropriate protective procedures, and plan the layout of equipment before starting any new operation. 

Each employee whose job requires the use of PPE must undergo training in the proper use of that equipment.  Employees expected to wear any type of respirator (dust mask, cartridge respirator, Self-Contained Breathing Apparatus, etc.) must have specific training in the use, maintenance, and disposal of respirators.


1.1.4 
Special Approvals 

New operations require prior approval, and the approval requirements shall be explained in the laboratory’s Chemical Hygiene Plan.  Normally, for chemistry laboratories, these approvals are part of the processing of the PHA for the new process.

Special approvals are required when:
· There is a new procedure, process, or test, even if it is very similar to established practices.

· There is a change or substitution of any of the ingredient chemicals in a procedure.

· There is a substantial change in the amount of chemicals being used (for example, safety practices should be reviewed if the volume of chemicals used is increased by 20 percent either once or over a year).

· There is a failure of any of the equipment used in the process, especially safeguards such as fume hoods or clamp apparatus.

· Unattended operations have the potential to produce a significant risk to personnel, property, or facilities.

· A Hazard Review indicates a risk equivalent to any of the above conditions.

1.1.5
Never Underestimate risks 

When dealing with chemicals, even if substances have no known significant hazards, always observe good laboratory practice, minimize exposure by using an exhaust hood, wear eye and hand protection, and wear a laboratory coat or apron.  If substances have special hazards, take special precautions.  Consult laboratory procedures for information on training, working conditions, monitoring, recordkeeping, medical surveillance, and approval processes for new or special operations.

Always assume that:

· All substances of unknown toxicity are toxic; 

· Any mixture will be more toxic than its most toxic component;

· Chemical reactions involving two or more substances may form reaction products that are significantly more toxic than the starting reactants.

New and untested chemicals should be treated as though they are toxic until proven otherwise.  Since chemical research is often concerned with new molecular structures, laboratory workers should try to anticipate the toxicity of a new substance.  This is an important part of planning research involving new chemicals.

Working alone while conducting hazardous operations is not permitted.  Implement a buddy system when working hazardous operations.

1.2
General Procedures and Techniques




· 
· 
· 


1.2.1
Avoid routine exposure 
Develop safe work habits.  Avoid unnecessary exposure to chemicals by any route.  Always avoid skin contact with chemicals, and wear gloves, eye protection, and other protective apparel.
Never taste or smell chemicals.  Never use mouth suction to pipet chemicals or to start a siphon.  Instead, use a pipet bulb or an aspirator to create a vacuum.  

1.2.2
Unattended Operations 

Take the proper precautions for containment of toxic substances in case a utility service should fail during unattended operations.  Leave the lights on and place an appropriate sign on the doors.  

1.2.3
Maintain adequate ventilation 
The best way to prevent exposure to airborne substances is to use hoods and other ventilating devices to prevent chemicals from entering the laboratory atmosphere.  Chemicals must not be smelled.  Operations such as running reactions, heating or evaporating solvents, and the transfer of chemicals from one container to another should normally be performed under a hood.  Gases that are especially toxic or corrosive should be passed through scrubbers or adsorption trains.  Laboratory apparatus that may discharge toxic vapors must be vented to an auxiliary local exhaust system.  If auxiliary local ventilation is not practical during measurement or storage, samples should be kept in closed containers.  

Prevent quantities of chemical vapors or dust that might produce adverse toxic effects from entering the general laboratory atmosphere.

1.2.4
Use of Glassware 
Use equipment only for its designed purpose.  Handle and store laboratory glassware with care to avoid damage or breakage.  Examine glassware before use.  Never use broken, damaged, or defective glassware.  Use extra care with dewar flasks and other evacuated glass apparatus.  Shield or wrap them to contain chemicals and fragments should implosion occur.  Use adequate hand protection when inserting glass tubing into rubber stoppers or corks, or when placing rubber tubing on glass hose connections.  Repair or properly discard any damaged items.  Dispose of broken, damaged, or defective glassware properly by wrapping in protective material to avoid injury to other personnel.  

Proper instruction should be given in the use of glass equipment designed for specialized tasks that may present unusual risks for the first time user.

Position and clamp reaction apparatus in order to permit manipulation without the need to move the apparatus until the entire reaction is completed.  Combine reagents in appropriate order and avoid adding solids to hot liquids.

1.2.5
Personal Discipline  

1.2.5.1
Personal hygiene 
Do not eat, drink, smoke, chew gum, or apply cosmetics where chemicals are present.  Wash hands before doing any of these activities, as well as before using sanitary facilities.  Wash hands and arms immediately after using any toxic substance, before leaving the laboratory area.  Do not use solvents on the skin (they can cause irritation and inflammation.)
Do not store food or beverages in laboratory refrigerators.  Attach a NO FOOD label to all laboratory refrigerators.  Do not handle or eat any food or beverages in chemical storage areas.  Do not eat or drink from glassware or utensils which are used in laboratory operations.  

1.2.5.2
Personal apparel 
Confine long hair and loose clothing.  Never wear loose (dangling neckties, too-large lab coats, etc.), skimpy (shorts, halter tops), or torn clothing.  Loose or torn clothing can get caught in apparatus or moving machinery.  Skimpy clothing offers inadequate protection if there is a chemical splash.

Wear closed-toe impermeable shoes while working in the laboratory and in buildings where chemicals are used or stored.  Do not wear sandals, perforated shoes, or cloth sneakers.

1.2.5.3
Personal housekeeping 
Keep the work area clean and uncluttered.  Properly label and properly store chemicals and equipment.  Clean up the work area at the end of an operation or at the end of each day.  Clean up spilled chemicals immediately and dispose of them properly.  Only trained personnel should clean up spilled chemicals.  If not trained, call 911.


Always keep access to exits, emergency equipment, and utility controls clear.  Make sure they are never blocked.

1.2.6
Emergency Procedures 
Written emergency procedures shall be established and communicated to all concerned personnel.  These procedures shall include the following elements:

· evacuation routes and one or more outside assembly areas, 

· guidelines for shutting down operations during an emergency or evacuation, 

· procedures for ventilation failure, medical care, and reporting,

· procedures and start-up procedures for special operations, as appropriate,
· spill control procedures, including the elements of prevention, containment, cleanup, and reporting.  

Personnel must be trained in and understand these emergency procedures, and the location and operation of emergency equipment in the area.  Additionally, personnel must know how to obtain additional help in an emergency.  The emergency number is 911 for both Greenbelt and WFF sites.

Frequent drills and simulated emergencies should be held.  

If there is significant contamination, remove laboratory coats or other protective apparel as soon as it is safe to do so, and place them where they can be safely disposed of or decontaminated.
1.2.7
Safety Showers and Eyewash Stations

Chemical laboratories shall have available safety showers and eyewash stations.  Safety showers and eyewashes shall be provided in areas where chemicals are routinely handled for immediate first aid treatment of chemical splashes and for extinguishing clothing fires.  Emergency eyewash stations shall provide a soft stream or spray of aerated water for a minimum of 15 minutes.  These eyewash stations should be located near the safety showers so that, if necessary, the eyes can be washed while the body is showered.

Showers and eye wash stations shall be activated weekly by laboratory users to flush the line and to verify proper operation, in accordance with the American National Standard Institute (ANSI) Z358.1-1990.  A log with the inspector’s initials should be kept near the equipment.  Self-contained units shall be inspected and maintained in accordance with the manufacturer’s instructions.

1.2.8
Inspection Requirements

GPG 1700.2 identifies several periodic inspection requirements.  In addition, Laboratory Managers should ensure that all safety equipment is inspected regularly, in accordance with manufacturer’s recommendations.  He/she should also conduct housekeeping and chemical hygiene inspections at least quarterly, for organizations that have frequent personnel changes, and semiannually for others.  Informal inspections should be done intermittently on an unscheduled basis.  Inspection records are the responsibility of the inspecting organization.
1.3
Procurement, Receiving, Identification, Handling, and Storage
1. 
1.3.1 
Procurements 
Personnel who initiate purchase requests for hazardous substances, and line managers who approve the purchase requests, must be: 1) aware of the potential hazards involved, 2) ensure that adequate facilities and trained personnel are available to handle such substances, and 3) understand the requirements for safe disposal.  They will review every Material Safety Data Sheet (MSDS) and ensure that the personnel who will receive and store these chemicals have the proper training and/or procedures in place to do so safely.

 
If new MSDSs are obtained from the manufacturer, Lab Managers or designees will provide them to their MSDSPro database administrator to update the Chemical Management System, MSDSPro.  
MSDSs must be readily accessible to employees in their work area.  

1.3.2
Receiving 
Personnel receiving a substance must be trained or familiar with the requirements for proper handling, storage, and disposal before it is received.

No container shall be accepted without a label adequately identifying the contents.  The label shall list at least the following information: identification of the contents of the container, manufacturer name and information, and summary description of any hazards

Receiving  personnel shall be trained in the handling of hazardous substances and be familiar with the following information: 

· Use of proper material handling equipment, PPE, and other safety equipment; 

· Emergency procedures, including cleanup of spills and disposal of broken containers; 

· Dangers of contacting chemicals by skin absorption, inhalation, or ingestion;
· Meanings of the various Department of Transportation labels on shipping packages; 

· Proper methods of material handling and storage, especially the incompatibility of some common substances;

· Dangers associated with alphabetical storage, and the sensitivity of some substances to heat, moisture, light, and other storage hazards;

· Special requirements of temperature-sensitive materials, including those shipped refrigerated or packed in dry ice; 

· Problems associated with compressed gases, including unique situations such as the construction of an acetylene cylinder;

· Hazards associated with flammable liquids (especially the danger of their vapors catching fire some distance from the container), explosives, toxic gases and vapors, and oxygen displacement;

· Chemicals that have offensive smells;

· Indications that the inside container of a package has broken and leaked its contents;.

· Substances that are hydroscopic or that react with water, giving rise to hazardous conditions;

· Federal and State regulations governing controlled substances such as radioactive materials, drugs, ethyl alcohol, explosives, and needles and syringes.

1.3.3
Identification

Each container of a hazardous material must be clearly and correctly labeled with the name of the material, the hazard warning, manufacturer’s name and information, and summary description of the hazards.  Labels shall be clearly readable at all times.  Such labels must be maintained on containers until the containers are empty.
Waste containers shall have a label identifying the contents, the date the chemicals were placed in the container, and the words “Hazardous Waste.”
Laboratory areas that have special or unusual hazards shall be posted with warning and restricted access signs.  These hazards include ionizing radiation, x-ray, laser operations, flammable materials, biological hazards, etc.
Post highly visible signs and labels such as: 

· Emergency telephone numbers for fire, flood, or hazardous chemical spill; 

· Telephone numbers for supervisors and laboratory workers to be contacted in the event of an accident or emergency; 

· Location signs for safety showers, eyewash stations, other safety and first aid equipment, and exits; 

· Areas where food and beverages may be consumed and stored.

1.3.4
Handling  

When chemicals are hand carried, the container should be placed in an unbreakable secondary container compatible with the chemical being moved, to protect against breakage and spillage.

If a wheeled cart is used, it should be stable under the load and have wheels large enough to handle uneven surfaces without tipping over or stopping suddenly.

Freight-only elevators should be used, if possible, to prevent exposure to people on passenger elevators.

Whenever small quantities of flammable liquids must be moved, use appropriate containers with secondary containment, use a well-ventilated transport vehicle, and eliminate potential ignition sources.

1.3.5
Storage 
Refer to the GSFC Hazardous Chemical Storage Guidelines on the Safety 1st Web site for specific instructions regarding chemical segregation and storage cabinet requirements.

The amounts permitted in storage should be as small as practical.  Decisions about amounts should be based on the level of competence of the workers, the level of safety features designed into the facility, the location of the laboratory, the nature of the chemical operation, and the accessibility of the stockroom.  In some cases, local regulations will also be a determining factor.

Every chemical in the laboratory should have a specific storage place and should be returned to that location after each use.  Chemicals should not be stored on bench tops.  Storage in hoods shall be minimized.
Stored chemicals should be examined periodically, at least quarterly, for deterioration, container integrity, and replacement.


Stockroom/storerooms should be opened only during normal working hours, and access should be controlled.  Ordinarily stockroom/storerooms should not be used as preparation or repackaging areas.

2. 






Storage trays or secondary containers should be used to minimize the spread of material, should a container break or leak.

Flammable liquids shall not be stored in laboratory refrigerators unless the unit is an approved, explosion-proof, laboratory-safe type and is listed for use with flammable materials.  Laboratory refrigerators will have a NO FOOD sign.
Containers in a laboratory refrigerator must be properly labeled including identification of the contents, owner, date of acquisition or preparation, and nature of any potential hazards.

3. 
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· 
· 
· 
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4. 








2.
Exposure Control Measures

Engineering controls are the preferred means of defense against worker exposure.  Engineering controls isolate or enclose the chemicals so that worker exposure is prevented.  Once engineering controls are in place and operating, administrative controls such as formalized work practices and procedures are the second line of defense, but they are often difficult to implement or enforce.  The last line of defense is the use of PPE.  It places the burden of hazard control on the worker, and its use should be limited to:

a. the period necessary to install, evaluate, or repair engineering controls;

b. work situations (e.g., maintenance and repair activities, or emergency operations in which engineering controls are not feasible);

c. work situations in which engineering controls and work practices are insufficient in themselves to reduce exposure to allowable levels; and

d. emergency or escape situations.  

2.1
Engineering controls 

2.1.1
General Ventilation System 
Engineering controls start with the general ventilation system.  This system provides a source of air for breathing and for input to local ventilation devices, but it should not be relied on as the sole means of protection to prevent hazardous substances from release into the laboratory atmosphere.  Other devices, such as fume hoods or glove boxes, should supplement the ventilation system for additional protection. 

The system should ensure that laboratory air is continually replaced, preventing increase of air concentrations of toxic substances during the working day.  It also prevents direct air flow into the laboratory from non-laboratory areas, and out of the laboratory to the exterior of the building.  Air pressure in the laboratory shall always be negative with respect to the rest of the building.  

The fume hood is a key engineering control in the lab.  A laboratory hood with 2.5 linear feet of hood space per person should be provided for every two workers if they spend much of their time working with chemicals.  Each hood should have a continuous monitoring device to allow convenient confirmation of adequate hood performance.  The Industrial Hygiene Office should check and certify laboratory ventilation systems at least annually.  Contact them on extension 6-6669 to schedule your fume hood recertification.
Other local ventilation devices include ventilated storage cabinets, canopy hoods, snorkels, etc.  These should be provided as needed.  Each canopy hood and snorkel should have a separate exhaust duct.

Some areas have special ventilation concerns.  Exhaust air from glove boxes and isolation rooms should be passed through scrubbers or other appropriate treatment systems before release into the proper exhaust system.  

Any alteration of the ventilation system should be made only if the GSFC Industrial Hygiene Office certifies that that worker protection from airborne hazardous substances will continue to be adequate.

2.1.2
Fume hood 
As a general rule, use a hood or other local ventilation device when performing any operations that might result in the release of toxic chemical vapors or dust.  A hood should be considered as a safety device to contain and exhaust toxic, offensive, or flammable materials, NOT as a method for disposing of chemicals.  The Industrial Hygiene Office should check and certify fume hoods at least annually, and hoods that are not within current certification should not be used.

A hood should be evaluated before use to ensure adequate face velocities, usually 60-150 fpm.  Some continuous monitoring device for adequate hood performance should be present and checked before each hood is used.  There should be no excessive turbulence. 

If the performance of the hood is suspected to be inadequate for the operation or chemicals involved, do not use it.  Verify proper performance first!

Keep a hood closed, vertical sashes down, and horizontal sashes closed, except when making adjustments.  A small face opening of the hood improves its overall performance. 



The airflow pattern, and therefore the performance of the hood, depends on such factors as placement of equipment in the hood, room drafts from open doors or windows, persons walking by, or even the presence of the user in front of the hood.

The proper operation of the general room ventilation is as important to proper local ventilation as the local ventilation systems themselves.  A hood may not function at all if the laboratory general makeup and exhaust air is not balanced with the local ventilation systems.

There should be an emergency plan in place in case of ventilation failure or other unexpected occurrences such as fire or explosion in the hood.

Hoods are not intended for storage of chemicals.  Materials stored in them should be kept to a minimum, and should not block vents or alter airflow patterns.  Other materials such as paper or solid objects should be kept away from hood exhaust ducts to prevent blocking the air flow.  

2.1.3
Other Engineering Controls (includes special containers and storage equipment for substances with specific hazards)  

Safety cans have a spring-loaded spout cover that can open to relieve internal pressure when subjected to a fire, and will prevent leakage if tipped over.  Some are equipped with a flame arrester in the spout that will prevent flame propagation into the can.  

Flammable and combustible liquids shall be kept in rated safety cans.  Safety cans MUST be properly labeled to identify their contents.  

Flammable and combustible materials shall be stored in rated cabinets.  Corrosive materials must be stored in rated corrosives storage cabinets.  Special care must be taken to separate acids from bases by distance or barrier.

Special precautions must be followed when handling chemicals that are defined as reactive, to prevent mixing with other chemicals except under controlled conditions.  Storage for reactive chemicals must be segregated, PPE must be used, and other precautions followed.

2.2
Personal Protective Equipment (PPE)

Personnel must know the types of protective equipment available and use the proper type for each job.  Everyone, including visitors, must wear the appropriate PPE where chemicals are stored or handled.  No one should ever enter a laboratory without first donning the appropriate personal protective equipment.  The types of personal protective equipment required in the individual laboratory are listed in the Laboratory Safety Documentation Set.
2.2.1 


2.2.1
Safety Eye Wear

Personal protection starts with safety eye wear.  Eye protection is required for all personnel, including visitors, in areas where chemicals are stored or handled.

Contact lenses should not be used in the chemical laboratory.  If contact lenses cannot be avoided, the Laboratory Manager must be notified so special precautions can be taken.

The basic eye protection in the lab is safety glasses with side shields and approved, impact-resistant, safety lenses.  Ordinary prescription glasses or sunglasses do not give adequate protection.

The side shields offer some protection from objects that approach from the side, but do not provide adequate protection from splashes.  Splash-proof goggles have sides that create a barrier against liquids.  Goggles should be used if there is a hazard from chemical splashing.  Goggles also give protection against flying particles.

Goggles do not protect the face and neck.  A full-face shield should be used over goggles when maximum protection from flying particles and liquids is needed.

Goggles should be worn when working with glassware that is under reduced or elevated pressure, or in high temperature situations.

Other specialized eyewear may be needed for such conditions as laser hazards, ultraviolet hazards, or other hazardous light sources.

2.2.2 Contact Prevention

Appropriate gloves should always be used to prevent contact with chemicals.  They also may prevent injury when handling rough or sharp-edged objects, or very hot or very cold materials.

There are various compositions and thicknesses of rubber gloves, and they differ in their resistances to various substances.  Common materials include neoprene, polyvinyl chloride, nitrile, butyl, and natural rubbers.  Manufacturers' specifications on compatibility and permeability/breakdown should be consulted prior to use.  Gloves should be investigated and tested for use with new chemicals to determine their resistance.

Inspect gloves carefully before each use for discoloration, damage, or tears.  Never use damaged gloves.  Gloves with even a small pinhole or thin area will not give adequate protection.  Chemicals will eventually permeate glove materials.  Properly discard gloves when they become contaminated, and discard gloves periodically to safeguard against unseen failure.  Wash them before taking them off.  

Glove boxes, when operating properly, minimize or eliminate release of the chemicals into the laboratory atmosphere.  Gloves that are part of glove boxes require all the same inspection and care as described above.  In the case of glove boxes, understanding and following the manufacturer’s instructions for inspection and maintenance is imperative. 

Test glove boxes before use.  Check for leaks and adequate airflow before each use.
Other protective clothing such as laboratory coats and aprons, disposable outer garments (e.g., Tyvek suits), and special shoes or boots offer protection against a variety of hazards.  Selection and use of these items will depend on the chemicals being used.  Other types of PPE may be required based upon the specific hazards in each work area.  

2.2.3
Respiratory Protection – Prevention of inhalation of airborne chemicals begins by minimizing the amount of these chemicals entering the laboratory atmosphere, through the use of hoods and other ventilation engineering controls.  If these engineering controls are not adequate in a given situation, the appropriate respiratory equipment must be used.  Guidance in needs assessment, equipment selection, and training is provided by the Industrial Hygiene Office.

There are three types of respirators:

a. Chemical cartridge respirators are only effective against particular vapors or classes of vapors, in concentrations specified by the manufacturer.

b. Dust, fume, and mist respirators are likewise only effective against particular (or classes of) dusts, fumes, and mists, as specified by the manufacturer.

c. Supplied-air respirators (including self-contained breathing apparatus) are effective against a wide range of air contaminants and can be used where oxygen-deficient atmospheres are present.  Self-contained breathing apparatus (or SCBA) is the only kind of respiratory equipment that is suitable for emergency or rescue work.

Personnel who use respiratory equipment must be formally trained in their selection and use.  Additionally, respirator users must be medically certified prior to respirator issue.  
Personnel must be properly trained and certified before using any respiratory equipment.  
Respirators for routine use shall be inspected by the user's supervisor periodically for damage and wear, and by the user before each use.  The  industrial hygiene staff may inspect respirators periodically.

2.2.4
PPE Training

Each organizational unit shall train its employees on the proper use of PPE.  This training shall address the following as a minimum:

· When PPE is necessary; 

· What PPE is necessary; 

· How to properly don, doff, adjust, wear, and use PPE; 

· Limitations of the PPE; and 

· Care, maintenance, useful life, and disposal of the PPE.

Each employee must certify that he/she understands the training received, and can demonstrate the ability to use PPE correctly before being allowed to perform work requiring the use of PPE.  The supervisor shall ensure that retraining occurs for any employee that improperly uses PPE.

If there are changes in the work area, the Laboratory Manager must reevaluate the workplace for new hazards.  Additional PPE and related training shall be provided to each employee affected by the changes.

The organizational line manager must maintain a written certification record of the PPE training.  This certification shall include: the name of each employee trained; the date(s) of the PPE training; employee’s signature, identification of the PPE, an expiration date (if applicable), and a statement identifying the document as a certification of training in the use of PPE.


2.3
Exposure determination 
Baseline exposure levels are established as a reference from which follow-on exposure levels are compared.  Baseline exposure monitoring is conducted by the Industrial Hygiene Office.  If monitoring results show levels above recognized Permissible Exposure Limits, the operation will be monitored periodically until proven that applicable engineering and administrative controls and PPE are effectively protecting employees.   

Laboratories not having a baseline assessment should arrange for one at the earliest opportunity.  If results do not show any exposure, the operation will be reevaluated annually by the Industrial Hygiene Office.  If conditions change, the Industrial Hygiene Office should be contacted to assess the new conditions.

2.4.
Particularly Hazardous Substances 
Special procedures and precautions are required when dealing with particularly hazardous substances such as "select carcinogens," reproductive toxins, and substances that have a high degree of acute toxicity.

2.4.1
General Handling Procedures 

In general, procedures for handling particularly hazardous substances include:

a. Establishment of a designated area where the specific procedures will be carried out.  These areas should be identified as Special Hazard Areas, and access should be restricted to personnel who are trained on the hazards and safe handling of the substances while the hazard exists.

b. Work with these substances should only be done in a controlled system to reduce exposure risks.  This includes the use of containment devices such as fume hoods, glove boxes, and similar equipment.  It is also recommended that rooms where "select carcinogens" are used and stored are kept at a slightly negative air pressure with respect to other spaces in the facility.

c. Decontamination procedures include extra precautions on the part of lab workers in maintaining good personal hygiene.  No food, beverages, or tobacco products shall be permitted in the restricted areas, and workers shall wash before leaving the facility.  

Laboratories where particularly hazardous substances are used may require specially designed construction to provide proper containment as defined by building codes and engineering judgment.

2.4.2
Handling of Allergens (e.g., diazomethane, isocyanates, bichromates) 

A wide variety of substances can produce skin and lung hypersensitivity.  Because of this variety and because of the varying response of individuals, a careful choice of engineering controls and PPE should be used to prevent contact with allergens or substances of unknown allergenic activity. 
2.4.3
Handling of Embryotoxins (e.g., organomercurials, lead compounds, formamide).

Because the period of greatest susceptibility to embryotoxins is the first 8-12 weeks of pregnancy, which includes a period when a woman may not know she is pregnant, women of child-bearing potential should take special care to avoid skin contact with embryotoxins.  All hoods, glove boxes, and other essential engineering controls should be known to be operating at required efficiency before work with embryotoxins is started.
Review each use of these substances with the Laboratory Manager, and review continuing uses annually or whenever a procedural change is made.

Store these substances, properly labeled, in an adequately ventilated area in an unbreakable secondary container.

Notify the organizational line manager of the laboratory of all incidents and spills; and consult a qualified physician when appropriate.

2.4.4 Chemicals of Moderate Chronic or High Acute Toxicity, when used in significant quantities (e.g., diisopropylfluorophosphate, hydrofluoric acid, hydrogen cyanide) 

The aim is to minimize exposure to toxic substances by any route using all reasonable precautions.   Supplemental guidelines to be followed, in addition to those mentioned above, include:

a. Use and store these substances only in areas of restricted access with special warning signs.

b. Always use a hood or other containment device for procedures which may result in the generation of aerosols or vapors containing the substance.  Hoods must have been previously checked to confirm adequate performance, i.e., a face velocity of at least 60 linear feet per minute.

c. Avoid skin contact by use of gloves and long sleeves (and other protective apparel as appropriate).  Always wash hands and arms immediately after working with these substances.

d. Maintain records of the amounts of these substances on hand, amounts used, and the names of the workers involved.

e. Be prepared for accidents and spills.

f. Ensure that at least two people are present at all times if a compound in use is highly toxic or of unknown toxicity.

g. Store breakable containers of these substances in chemically resistant trays; work and mount apparatus above such trays or cover work and storage surfaces with removable, absorbent, plastic-backed paper.  If a major spill occurs outside the hood, evacuate the area and notify emergency personnel.

h. Thoroughly decontaminate or properly dispose of contaminated clothing or shoes.  Place contaminated waste in appropriately labeled, impervious containers for hazardous wastes.

2.4.5
Chemicals of High Chronic Toxicity (e.g., dimethylmercury and nickel carbonyl, benzo-a-pyrene, N-nitrosodiethylamine, and other human carcinogens or substances with high carcinogenic potency in animals)

The following supplemental rules are to be followed, in addition to those mentioned above, for work with substances of known high chronic toxicity (in quantities between a few milligrams and a few grams, depending on the substance):

a. Conduct all transfers and work with these substances in a controlled area (i.e., a restricted access hood, glove box, or portion of a lab, designated for use of highly toxic substances, for which all people with access are aware of the substances being used and all necessary precautions).

b. Prepare procedures for use and disposal of these substances, approved by the Laboratory Manager, and attach them to this procedure.

c. Protect vacuum pumps against contamination with scrubbers or High Efficiency Particulate Air (HEPA) filters and vent them into the hood.  Decontaminate vacuum pumps or other contaminated equipment, including glassware, in the hood before removing them from the controlled area.  Decontaminate the controlled area before resuming work there.

d. On leaving a controlled area, remove any protective apparel and place it in an appropriate, labeled container.  Then thoroughly wash hands, forearms, face, and neck.

e. If the toxic substance was a dry powder, use a wet mop or a vacuum cleaner equipped with a HEPA filter instead of dry sweeping. 

f. If using toxicologically significant quantities of such a substance on a regular basis (e.g., 3 times per week), consult a qualified physician concerning desirability of regular medical surveillance.

g. Keep accurate records of the amounts of these substances stored and used, the dates of use, and names of users.


2.5
Waste disposal 
Improper waste disposal can violate applicable laws and/or regulations administered by Federal and State agencies, affect the sewer and other systems, and impair the environment itself.  Contact the GSFC S&EB to determine what kind of storage and disposal procedures apply to your work area.  Laboratory wastes shall be considered as hazardous waste unless specifically approved for an alternative disposal method by the S&EB.  

Waste materials shall be kept in closed containers that are compatible with the waste.  Hazardous wastes shall be stored in the same manner as the hazard for which the original material was stored.  It is important to maintain the identity of the material to be disposed to prevent delaying the disposal process and increasing the cost.  Containers must be properly labeled with the name of the contents, the date the waste chemicals were placed in the container, and the words "Hazardous Waste."  

The S&EB is responsible for removal of hazardous wastes.  To dispose of hazardous wastes, lab personnel should call the Hazardous Waste Pickup line on extension 6-9233 at Greenbelt, and extension 1718 at WFF.

Indiscriminate disposal by pouring waste chemicals down the drain or adding them to mixed refuse or landfill burial is unacceptable and is against the law.  Hoods shall not be used as a means of disposal for volatile chemicals.

If a process creates new disposal considerations, the S&EB shall be consulted.
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