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Section 1.0 - PURPOSEtc  \l 1 "Section 1.0 - PURPOSE"



The purpose of the NREL Laboratory Chemical Hygiene Plan (LCHP) is to provide NREL management and staff with the guidance and information needed to fulfill the requirements of the OSHA "Laboratory Standard", 29 CFR 1910.1450, Occupational Exposures to Hazardous Chemicals in Laboratories.


NREL laboratory workers are generally involved in research activities that use small amounts of a variety of potentially hazardous chemicals for short periods of time.  Few laboratory chemicals are without acute or chronic hazards and many of these chemicals, such as reaction products, may be of unknown toxicity.  If the hazard properties of the chemicals are not identified and properly controlled during use, you may be needlessly overexposed to these materials which can cause lung impairments, liver damage, cancer, or may even result in death or serious injury due to a fire or explosion.


Achieving a safe laboratory environment requires the same kind of attention and effort that is required for achieving research project goals.  Experience has shown that the lab can be a safe workplace if all lab workers are knowledgeable and informed about the hazards in the lab and routinely use the proper work practices to safely control the hazards.  This procedure will outline the general precautions required for the safe use, storage and disposal of chemicals in the research laboratory.   

	PRIVATE 
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The OSHA Lab Standard requires NREL to have a written Chemical Hygiene Plan (CHP) that describes NREL's policies concerning the protection of workers from hazardous materials in the laboratory.  This procedure applies to all NREL workers, visiting scientists, and contractors that use, generate, store, or dispose of small quantities of hazardous chemicals within the definition of "laboratory scale" and "laboratory use".  
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Action Level:  a concentration designated in 29 CFR 1910 for a specific substance, calculated as an eight hour time-weighted- average, which initiates certain required activities such as exposure monitoring and medical surveillance.  

Carcinogen:  see "select carcinogen" 

Chemical Hygiene Officer:  designated worker who is qualified to provide technical guidance in the development and implementation of the provisions of the Chemical Hygiene Plan.


Chemical Hygiene Plan (CHP):  the procedures, equipment, personal protective equipment (PPE), and work practices that are capable of protecting workers from health hazards presented by chemicals in the laboratory as required in the OSHA Laboratory Standard.  This document serves as NREL's CHP.


Designated Area:  a laboratory area used for work with extremely hazardous chemicals.  It may be the entire lab, an area of the lab, or a device such as a lab hood.

Explosive:  a chemical that causes a sudden, almost instantaneous release of pressure, gas, and heat when subjected to sudden shock, pressure, or high temperature.


Extremely Hazardous Chemical (Substance):  a chemical substance which is extremely hazardous because it has been identified as either a select carcinogen, reproductive toxin, is highly toxic, is a chemical of high acute toxicity (e.g. HF), explosive, pyrophoric, or unstable/reactive.

Flammable Gas:  A gas that is flammable in a mixture of 13% or less (by volume) with air, or the flammable range with air is wider than 12% regardless of the lower limit, at atmospheric temperature and pressure.

Flammable Liquid:  Any liquid having a flashpoint below 100o F (37.8o C), except any mixture having components with flashpoints of  100o F (37.8o C) or higher, the total of which make up 99 percent or more of the total volume of the mixture. 

Flammable Solid:  A solid substance, other then one which is defined as a blasting agent or explosive, that is liable to cause fire through friction or as a result of retained heat from manufacture, which has an ignition temperature below 100°C (212°F), or which burns so vigorously or persistently when ignited that it creates a serious hazard. Flammable solids include finely divided solid materials which when dispersed in air as a cloud could be ignited and cause an explosion.  Examples:

· organic solids: camphor, cellulose nitrate and naphthalene 

· inorganic solids: decaborane, lithium amide, and sulfur 

· combustible metals: cesium, magnesium, and zirconium 

· finely divided solids: aluminum dust or powder, pure metal powders.

Hazardous Chemicals:  a chemical substance (or material) for which there is statistically significant evidence, based on at least one study conducted in accordance with established scientific procedures, that this chemical is a physical hazard or a health hazard that can cause illness or injury if used the wrong way.  


Health Hazard:  a chemical substance for which there is statistically significant evidence based on at least one study conducted in accordance with established scientific procedures that acute or chronic health effects may occur in exposed workers.  This includes chemicals that are carcinogens, toxic or highly toxic agents, reproductive toxins, irritants, corrosives, sensitizers, hepatotoxins (liver toxins), nephrotoxins (kidney toxins), neurotoxins, agents which act on the hematopoietic systems (blood forming system), and agents which damage the lungs, skin, eyes or mucous membranes.  

Highly Toxic: a chemical which produces a lethal dose or lethal concentration which falls within any of the following categories:

1. Has a median lethal dose (LD50) of 50 milligrams or less per kilogram (mg/kg) of body weight when administered orally to albino rats weighing between 200 and 300 grams each.

2. Has a LD50 of 200 mg/kg or less of body weight when administered by continuous contact for 24 hours, or less if death occurs within 24 hours, with the bare skin of albino rabbits weighing between 2 and 3 kg each.

3. Has a median lethal concentration (LC50) in air of 200 ppm by volume or less of gas or vapor or 2 milligrams per liter (mg/l) or less of mist, fume or dust, when administered by continuous inhalation for one hour, or less if death occurs within one hour, to albino rats weighing between 200 and 300 grams each.


Laboratory:  a facility where the "laboratory use of hazardous chemicals" occurs.  It is a workplace where relatively small quantities of hazardous chemicals are used on a non-production basis.   

Laboratory Use of Hazardous Chemicals:  handling or using chemicals in which all of the following conditions are met: (i) Chemical manipulations are carried out on a "laboratory scale"; (ii) Multiple chemical procedures are used; (iii) The procedures involved are not part of a production process, nor in any way simulate a production process; (iv) "Protective laboratory practices and equipment" are available and in common use to minimize the potential for worker exposure to hazardous chemicals.


Laboratory Scale:  work with substances in which the containers used for reactions, transfers, and other handling of substances are designated to be easily and safely manipulated by one person.


LC50:  the concentration in air that causes the death of 50% of the test animals.  Test animals and test conditions should be specified.


LD50:  the quantity of material that when ingested, injected or applied to the skin as a single dose will cause the death of 50% of the test animals.  Test conditions should be specified.


Material Safety Data Sheet (MSDS): written information concerning a hazardous chemical that contains the chemical identity of the material, physical and chemical properties, physical and health hazards, protective safety measures and emergency procedures.   

Mixture: Any chemical formulation containing more than one constituent.



Mutagen:  a chemical causing a heritable change in the gene structure.

Organic peroxide: an organic compound that contains an oxygen-oxygen single bond (–O-O-) structure and which may be considered to be a structural derivative of hydrogen peroxide where one or both of the hydrogen atoms has been replaced by an organic radical.

Oxidizer:  a chemical other than a blasting agent or explosive that initiates or promotes combustion in other materials, thereby causing fire either of itself or through release of oxygen or other gases.

PEL:  the Permissible Exposure Levels (PELs) are exposure levels identified by OSHA to which nearly all workers can be exposed day after day without adverse effects.  OSHA PELs may be viewed here http://www.osha-slc.gov/OshStd_data/1910_1000_TABLE_Z-1.html.


Physical Hazard:  a chemical for which there is scientifically valid evidence that it is a combustible liquid, a compressed gas, explosive, flammable, an organic peroxide, an oxidizer, pyrophoric, unstable (reactive) or water reactive.

Pyrophoric:  a chemical that will ignite spontaneously in air at a temperature of 130 degrees F or below.

Reproductive Hazard: chemicals that affect the reproductive capabilities, including chromosomal damage (mutations) and effects on the fetus (teratogenesis). The California List of Carcinogens and Reproductive Toxins may be viewed here: http://www.oehha.ca.gov/prop65/prop65_list/Newlist.html#Download

Secondary Containment: an empty chemical-resistant container/dike placed under or around chemical storage containers for the purpose of containing a spill should the chemical container leak.    



Select Carcinogen:  any substance that meets one of the following criteria (see summary table here:  http://www.bnl.gov/esh/shsd/cms/Safety_Carcinogens.htm)

· it is regulated by OSHA as a carcinogen.

· it is listed under the category "Known To Be Carcinogens" or "Reasonably Anticipated to be Carcinogens" in the Annual Report on Carcinogens published by the National Toxicological Program (NTP) (view here:  http://ehis.niehs.nih.gov/roc/toc9.html ) 
· it is listed in Group 1 ("carcinogenic to humans"), Group 2A, or 2B by the International Agency for Research on Cancer (IARC). (view here: http://193.51.164.11/default.html ) 

· it is listed as a carcinogen by the American Conference of Governmental Industrial Hygienists (ACGIH) 

Sensitizer: A chemical that is capable of causing an immune response in an individual. In most cases, initial exposure results in normal response, but repeated exposures lead to progressively strong and abnormal responses.

Teratogen:  a chemical that produces a malformation of the embryo.

TLV:  Threshold Limit Value (TLV) is a term used by the American Conference of Governmental Industrial Hygienists (ACGIH) to express the recommended airborne concentration of a chemical to which nearly all workers may be repeatedly exposed, day after day, without adverse effect. (view here: http://www.labsafety.com/refinfo/ezfacts/ezf232.htm )  

Unstable (reactive): a chemical that, in the pure state, or as produced or transported, will vigorously polymerize, decompose, condense, or become self-reactive under conditions of shocks, pressure or temperature.

Water-reactive:  a chemical that reacts with water to release a gas that is either flammable or presents a health hazard.

Work Practice Controls.  Controls by which the work in which the worker performs a task is modified as a means to eliminate or reduce exposure to hazardous chemicals.
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4.1 NREL Director is responsible for supporting and ensuring implementation of NREL's LCHP.


4.2
Center Directors are responsible for ensuring workers under their supervision understand and follow the requirements of NREL's LCHP.


4.3
Workers are responsible for

4.3.1 Completing Chemical Safety orientation and refresher training.

4.3.2 Understanding the hazard severity of all hazardous materials prior to purchasing, handling, or using hazardous chemicals.

4.3.3 Planning and conducting each operation to ensure the proper work practices, personal protective equipment, and facilities are adequate for the safe use, storage and proper disposal of hazardous chemicals.

4.3.4 Ensuring all hazardous chemicals are properly labeled.

4.3.5 Following the requirements of the Chemical Inventory and Management System to ensure a chemical inventory is available for each work area.



4.3.6
Ensuring MSDSs are available and submitting copies of MSDSs that are supplied directly to the worker to the ES&S Office.



4.3.7
Immediately notifying the NREL emergency operator (X1234) of emergency situations involving hazardous chemicals. 


4.4
Chemical Hygiene Officer is responsible for



4.4.1
Working with laboratory staff and other workers to develop and implement appropriate chemical safety practices.



4.4.2
Monitoring the procurement and use of chemicals used in the lab.



4.4.3
Knowing the current legal requirements concerning regulated substances.



4.4.4
Ensuring a ventilation performance surveillance program for all local exhaust ventilation systems is completed at least annually.



4.4.5
Reviewing the performance of NREL's LCHP.


4.5
Site Operations is responsible for



4.5.1
Ensuring all emergency eyewash/safety showers are maintained for emergency use, and are inspected quarterly.



4.5.2
Maintaining and documenting a scheduled (at least annually) preventative maintenance program for new and existing building ventilation systems, and all local exhaust ventilation systems which include fume hoods, canopy hoods, laminar flow hoods and biological hoods.
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It is not possible to list all safety requirements for all types of hazards that may be found in a laboratory.  This section establishes some of the more common rules and requirements for the safe handling, use, and storing of laboratory chemicals that have been documented to be useful in minimizing lab accidents.
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PRIVATE 
5.1.1     General Principles

tc  \l 35 ".1.1     General Principles
"
1. Do not underestimate the potential risks involved in handling, using, storing and disposing of chemicals.  Exposures must be minimized even for substances with no known significant hazards.  One should assume that any mixture will be more toxic than its most toxic component and that all substances of unknown toxicity are toxic. Avoid all skin contact and inhalation of laboratory chemicals.  



2.

Minimize all chemical exposure by determining and understanding the hazards of chemicals and by knowing and using proper work practices, engineering controls (i.e. ventilation), administrative controls (i.e. SOPs), and personal protective equipment.   



3.

Observe the Permissible Exposure Limits (PELs) and Threshold Limit Values (TLVs).  The PELs of OSHA and the TLVs of the American Conference of Governmental Industrial Hygienists must not be exceeded.



4.

Recognize and try to control the following factors which have historically resulted in laboratory incidents causing deaths, injuries, illnesses and property losses:





*
Incorrect handling and storage of hazardous chemicals





*
Improper use of flammable and explosive materials





*
Incorrect use of strong acids and alkalis





*
Careless use and handling of glassware





*
Lack of proper housekeeping





*
Improper use or bad repair of electrical equipment





*
Failure to properly dress or to use protective equipment





*
Inadequate fire prevention procedures





*
Inadequate first-aid and emergency procedures





*
Incorrect use or careless handling of radioactive and biological materials


PRIVATE 

5.1.2
Hazard Identification




tc  \l 3 "
5.1.2
Hazard Identification

"
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Chemical Hazard Evaluation "


Proper chemical hazard identification and control is critical to safely controlling chemical hazards before they result in injuries or illnesses.  The following hazard identification and control process is used at NREL: 

1.

Complete a hazard assessment and implement controls as required by ES&S Program 6-6.2, Hazard Identification and Control.  




2.

The manufacture-specific MSDS and other chemical references must be referenced to determine if a chemical has been identified as a hazardous or extremely hazardous chemical.  If a mixture has not been tested as a whole (e.g. lab produced chemical mixtures) to determine if the mixture is a health hazard, the mixture must be assumed to present the same health hazards as do the individual components which comprise 1% or greater (by weight or volume) of the mixture. 





If a mixture has not been tested as a whole, then the entire contents must be assumed to present a carcinogenic hazard if it contains a carcinogenic component in concentrations of 0.1% or greater.   



3.

The requirements of the LCHP must be inspected during the regular laboratory inspections that are conducted according to NREL's ES&H Inspection Program.  
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5.1.2.2
Chemical Inventory 


1.

NREL’s Chemical Management System must be utilized to maintain a chemical inventory in each work location that receives, uses, or stores hazardous chemicals.  
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1.

MSDSs for all hazardous chemicals must be accessible, either in hard copy or via an MSDS database, within two hours of a request by a worker.



2.

Hazardous chemicals are not to be ordered or accepted unless a MSDS is available.    

3.

All workers that directly receive MSDSs must provide a copy to the ES&S Office upon receipt.

4.
The ES&S Office will maintain central MSDS files in Building 16/2 and outside the SERF Medical Clinic.  MSDSs on file and online MSDS resources will be made available in the ES&S Office website. 
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All hazardous chemicals must be labeled with adequate information for workers to properly protect themselves during normal use, and foreseeable emergencies.  This includes all containers of hazardous materials such as test tubes, flasks, beakers, bottles, drums, or sumps.  Appendix 10.2 provides detailed requirements for numerical ratings that are used on diamond panel labels.    



1.
General Labeling Requirements



All containers of hazardous chemicals, original or secondary, must be labeled or tagged with the names(s) of the primary hazardous ingredients and an appropriate warning statement of the physical and health hazards of the chemical.     




a.
The manufacture's MSDS will identify if the chemical is hazardous, and list the hazarodous component(s).  For chemical mixtures produced in the lab, the entire mixture is considered hazardous if an individual hazardous chemical component is present in concentrations of 1% or greater, or if a carcinogen is present at 0.1% or greater (e.g. 2% TCE & 98% water).   



b.
Original containers from the manufacturer usually pose no labeling problems.  The original manufacturer's label must not be removed or defaced.  Illegible or missing labels must be immediately replaced with a label having equivalent or superior hazard information.  Manufacturer labels must include the name and address of the chemical manufacturer.  



c.
All non-original containers (i.e. unmarked container such as polyethylene squeeze bottles, flask, or bulk drums) into which hazardous chemicals are transferred must be labeled unless the entire contents are to be immediately used by the person performing the transfer.




d.
All chemicals that are identified as peroxide formers must have a separate Warning: Forms Peroxides label. 




e.
All chemicals that are listed as carcinogens by OSHA, the National Toxicology Program (NTP), or the International Agency for Research on Cancer (IARC) must have a cancer warning on the label if the container contains a carcinogen component in concentrations at or above 0.1%.  This may be accomplished by either having a separate Cancer Hazard sticker or writing the work "cancer" in the small white diamond panel on the diamond panel labels, or if the original chemical label provides a cancer warning.  




f.
Process piping shall be labeled with the contents of the hazardous ingredients.




g.
When individual container labeling is not practical because of the small size of the container, it is acceptable to use an area label or a tag attached to a tray, to identify the material as long as the label is representative for all the material in the tray, etc.

h. All containers of non-hazardous chemicals must be labeled as to the contents of the container for operations where they may be confused with containers of hazardous chemicals, and the wording "non-hazarodus" (or with a diamond panel with all zeros).



2.
Labeling of Non-Original Containers



The two options for labeling non-original containers are using preprinted, commercial chemical specific labels that list the health and physical hazards of the specific chemical or using the diamond panel labels that utilize a diamond panel to numerically classify the health, flammability, reactivity, and specific hazard of each chemical.  




a.
Commercial Chemical Specific Labels





Approved chemical specific labels are available from the label stations located in the SERF, FTLB, or at the FTLB Stockroom on a free issue basis.  




b.
Diamond Panel Labels (see Appendix 10.2 for numerical rating guide)





The label configuration is a diamond that is equally divided into four smaller diamonds.  The small diamond on the left is blue and contains the health rating.  The small diamond on the top is red and contains the fire rating. The small diamond on the right is yellow and contains the reactivity rating.  The white diamond found at the bottom of the label must contain specific hazard information such as "OX" for oxidizer, "COR" for corrosive, or "W" for water reactive.  





0-minimal, 1-slight, 2-moderate, 3-serious, 4-severe
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The following safe work practices apply to all laboratory operations, and must be used as general guidelines.

1. Prior to any new operation where a chemical hazard may be present, seek information and assistance about possible hazards and controls required for the work area.  

2. A Safe Operating Procedure (SOP) is required for all work with extremely hazardous chemicals. 

3. Conduct regular self-inspections of your work area, and correct all safety problems as they are identified.  Do not wait for a scheduled safety inspection!  Most safety problems can be identified on a daily basis by lab personnel.

4. Observe caution when working alone.  Anyone wanting to work alone outside of normal work hours (8:00 a.m. to 5:00 p.m.) must obtain their supervisors's written permission if the work is hazardous. 

5. Properly label all hazardous materials with (at least) the names(s) of the primary hazardous ingredients, an appropriate warning statement of the physical and health hazards of the material, and an expiration date for age sensitive materials.
6. Post warning signs for hazardous operations (i.e. laser operation, biological or radiation hazards), and to indicate Designated Work Areas with extremely hazardous materials.

7. Ensure a current Emergency Notification Card is posted on the entrance door for each laboratory. 
8. Inspect laboratory glassware before using, and do not use damaged glassware.  Use a thick cloth and/or gloves when fitting glass tubing into corks.  When possible, flame polish the ends of tubing.

9. Discourage unattended potentially hazardous operations.  If an operation is left unattended, the operation must be posted with a sign to indicate an operation is in progress (i.e. "Experiment in Progress") which includes the name of the responsible worker and a date.

10. If safe to do so, promptly cleanup all spills using proper protective equipment and disposal procedures.  If the cleanup cannot be done safely by laboratory personnel, activate the Emergency Notification System by dialing X1234, and allow properly trained emergency response personnel to cleanup the spill (see Sec. 6.5).

11. Special precautions are required for handling extremely hazardous chemicals.  Only use perchloric acid in a specially designed ventilation hood to avoid possible explosions from accumulated dried perchloric acid.  Whenever possible, substitute salts or acids without perchlorate ions.

12. When possible, purchase chemicals in non-breakable containers.

13. Use local exhaust ventilation systems such as a laboratory ventilation hood or glove box for operations which might result in the release of toxic or flammable materials.

14. Safety shielding must be used for any operation having the potential for explosion or implosion.

15. Ensure that proper personal protective equipment is worn by all persons, including visitors, as required based on the activities conducted in the lab.
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The achievement of safe handling, use, and disposal of hazardous chemicals begins with the person who purchase the chemical.  The following actions must be followed:

1. Workers purchasing hazardous chemicals (stock and special order) must be familiar and understand the proper handling, storage and disposal requirements, and ensure that adequate safety facilities (i.e. storage, ventilation) are available before ordering.

2. Order the smallest quantity that is required for the immediate task.  Excess chemicals that are not used represent a potential hazard when stored in the lab, and can be very expensive to dispose of as a hazardous waste.   

3. Substitute a less hazardous material when possible. 

4. Chemical must be ordered on a Purchase Order.  Workers may use a Purchase Card if they have obtained special authorization from their Center Director and Contracts and Business Services to use the Purchase Card for chemical purchases.
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1.

Keep all chemical containers closed when not in immediate use.  This will minimize the vapors emitted, and reduce the potential for spills.



2.

When chemicals are hand carried in breakable containers, they must be placed in an outside container or acid-carrying bucket to protect against breakage and spillage.



3.

Keep open flames and spark producing equipment away from flammable liquids and vapors.



4.

Do not handle and/or open chemical containers that appear to be bulging, leaking or suspect.  Get safety assistance.



5.

Do not attempt to lift glass dewars by the neck since the inner vessel of a double walled dewar is supported by the neck and the chance for container failure is increased.  Use handles on container if available.


PRIVATE 
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Acids and Bases
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Acids and Bases"
 

1.

Transfer acids and bases under local exhaust ventilation.  Do not pour from a carboy; always siphon.



2.

Never pour water into concentrated acids or onto solid caustics.



3.

Use proper personal protective equipment and clothing to protect the eyes, face, and skin.
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1.

Some chemical compounds can be explosive or highly reactive.  In general, compounds containing the following functional groups tend to be sensitive to heat and shock: acetylide, diazo, halamide, nitroso, ozonide, azides, and peroxide.  Compounds containing nitro groups may be explosive or highly reactive.  Perchlorates, chlorates, nitrates, bromates, chlorites, and iodates, whether organic or inorganic, must be treated with respect, especially at higher temperatures.  The handling of potentially explosive compounds demands attention to minute details.  The following are some general precautions to be taken:





*
Various Federal and State regulations exist for the transportation, storage, and use of explosives.  Explosive material may not be brought into the lab without prior approval from the lab supervisor and an approved SOP.





*
The unusual nature of work involving these substances requires special safety procedures that must be thoroughly understood and followed by all persons involved.





*
Quantities must be kept to a minimum and the substances removed and properly disposed of from the lab when no longer needed.





*
Proper handling precautions must be specified such as required personal protective equipment (faceshield, heavy gloves, etc.) protective devices (shields, barriers, etc.), and proper handling procedures.  These must be detailed in the SOP.   



2.

Organic peroxides are a special class of compounds, and can be the most hazardous substances normally handled in the lab since they can act as low-power explosives.  They are hazardous because of their extreme sensitivity to shock, sparks, or other forms of ignition.  Specific examples of chemicals that can form dangerous concentrations of peroxides with exposure to air are:





*
cyclohexane





*
cyclooctene





*
decalin (Decahydronaphthalene)





*
p-dioxane





*
ethyl ether





*
isopropyl ether





*
tetrahydrofuran (THF)  





*
tetralin (tetrahydronaphthalene)





Some general precautions for handling peroxides include the following:





*
All peroxide forming chemicals must be identified when received, and labeled with a separate label.  Stock labels are available, and must include the date received, date opened, and date due for testing or disposal. 





*
Study and follow all precautions specified by the manufacturer before using.





*
Don't return unused peroxide to the stock container.  





*
Metal spatulas or other metal implements must not be used in contact with peroxides, since contamination by metals can lead to explosive decompositions.





*
All sources of heat or ignition should be eliminated before working with peroxides.





*
Avoid solutions of peroxides in volatile solvents under conditions where the solvent may be evaporated and increase peroxide concentration.





*
Work with dilute solutions of peroxides in inert solvents, such as aliphatic hydrocarbons to reduce their sensitivity to shock and heat.        
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1.

Examples of alkali metals are sodium or potassium.  Assume that flammable hydrogen is present when you open containers of alkali metals.



2.

Locate the process as to avoid contact between alkali metals and water.



3.

To handle spills or drips, install catch trays.  



4.

Have available special fire extinguishing agents such as "Metal X" as needed.



5.

Handle solid alkali only with tongs or with impermeable gloves.



6.

Evaluate and develop proper handling requirements before using alkali metals.
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1.

Contact with cryogenic fluids may cause frostbite.  At a minimum, heavy gloves and faceshield must be worn when handling cryogenic fluids.  Avoid wearing watches or jewelry.



2.

Always perform operations, such as charging a warm container with liquid nitrogen, slowly to minimize boiling and splashing.         



3.

Open valves carefully.  A sudden release of pressure can result in explosive expansion that can cause severe injury to any persons directly in its path.



4.

Do not hit liquid oxygen containers since liquid oxygen is shock sensitive.



5.

Confinement and storage of cryogenic fluids at low temperatures followed by the loss of insulating capacity can result in extremely high pressure build-up in vacuum-jacketed lines or vessels.  Ice formation in the neck of small dewars, or cryogenic fluid trapped between valves, can also result in high pressure build-up.



6.

Cryogenic fluids are all capable of causing asphyxiation by displacing the air necessary for the support of life.  Proper ventilation must be provided to maintain oxygen concentrations above 19.5%.
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1.

Workers must know the location and proper use of the fire extinguisher, and the fire alarm for their workplace. 



2.

Keep open flames and spark producing equipment away from flammable liquids and vapors.  Enforce the "No Smoking" rule.



3.

Make certain that all static electricity sources are grounded and/or bonded.



4.

Make certain that electrical equipment for potential flammable/explosive atmospheres is in compliance with the National Electric Code No. 70.



5.

Only use flammable liquids in the minimum quantities needed for immediate use.

6.
Only UL listed refrigerators approved for flammable liquid storage may be used for storage of flammable and combustible liquids.

7.

As a general rule, store flammable liquids in approved flammable liquid storage cabinets or containers.   
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Hazardous chemicals that may be radioactive must be handled under the authorization of an approved Radiation SOP, and in compliance with ES&S Program 6-4.5, Radiation Safety.
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Use gloves and other skin protection as required to avoid skin contact.  Handle these materials under local exhaust ventilation whenever possible.  If an worker becomes sensitized, it may be necessary to eliminate all contact by the worker with the material in question.
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Every chemical should have a definite storage place, and should be returned to that location after every use. The following section provides general guidance for proper chemical storage.
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1.

Chemicals must be segregated in a well-identified area with local exhaust ventilation, clear aisle space and adequate shelf space.  Chemicals which are extremely hazardous must be stored in unbreakable secondary containers.



2.

Stored chemicals must be examined periodically (at least annually) for replacement, deterioration, and container integrity.



3.

Stockrooms/storerooms should not be used as preparation or repackaging areas.  They must be accessible during normal working hours, and should be controlled by one person.



4.

Many chemicals are incompatible and reactive.  Chemicals must be properly segregated, and stored according to their hazard class to prevent fires, explosions, or uncontrolled chemical reactions.
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1.

Periodically dispose of or return unneeded chemicals by contacting the ES&S Office. An Excess Chemical Inventory is maintained to redistribute chemicals.  



2.

The number and quantity of chemicals stored in the lab must be kept to a minimum.



3.

Store chemicals in storage cabinets as opposed to bench tops or hoods.  Shelves must have retaining lips if open shelf storage is required.



4.

All chemicals must be properly labeled with the chemical name and hazard warning(s).



5.

Store chemicals in well stoppered, labeled containers.  Extremely hazardous substances must be stored in a second, unbreakable container.



6.

Store strong oxidizers and flammable substances separately from each other.  Store flammable solvents in an approved flammable storage cabinet with self-closing doors.  



7.

Incompatible chemicals must not be stored together.  A list of incompatible chemicals can be found in Appendix 10.1.  The list is not comprehensive but provides general guidance with common examples.  



8.

Storage areas for extremely hazardous substances (including select carcinogens) must have controlled access, and be stored in adequately ventilated storage areas in unbreakable, chemically resistent secondary containers.
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1.

Acids and bases are highly reactive and corrosive compounds.  They must be stored in ventilated areas away from water.



2.

Keep acids and bases in corrosion resistent trays of sufficient volume to hold at least the loss of contents of the largest container.



3.

Do not keep acids and bases in the same tray.  Store strong oxidizing acids, and organic acids in separate spill trays.



4.

Store acids and bases below eye level and away from heat and light.
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1.

This class of chemicals must be routinely and closely managed and kept to a minimum.  The lab chemical inventory should be maintained so that the number and quantity of these substances can be properly managed.  The MSDS is the primary method for identifying if a chemical is explosive, reactive, or a peroxide forming chemical. 



2.

Ethers, dioxane, tetrahydrofuran (peroxide forming chemicals) and other chemicals that are age sensitive must be labeled with the date received, date opened, and date due for testing, discard or disposal which generally should not be longer than six months unless tested for peroxides.



3.

Peroxides must be managed so that the manufacturer's shelf life requirements are not exceeded.  A general rule is that peroxide-forming chemicals should not be stored longer than six months, unless tested for peroxides. 



4.

Organic peroxides must be stored at reduced temperatures in an explosion-proof refrigerator in accordance with the manufacture's instructions.
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1.

The hazards of alkali metals arise from their high degree of reactivity with numerous materials.  Alkali metals must not be stored with incompatible chemicals such as water, acids, alcohols, or oxidizing material.



2.

Keep storage facilities dry and protect from water sources such as sprinklers, steam, etc.



3.

Provide adequate ventilation, either natural or mechanical, to assure safe dissipation of hydrogen that may be generated.
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1.

Storage containers must be able to withstand the weights and pressures that will be encountered.  



2.

Adequately vent the container to permit the escape of evaporated gas.

3.

Confinement and storage of cryogenic fluids at low temperatures and pressures followed by the loss of insulating capacity can result in extremely high pressure build-up in vacuum-jacketed lines or vessels.  Ice formation in the neck of small dewars, or cryogenic fluid trapped between valves, can also result in high pressure build-up. 



4.

Store with adequately sized and properly located relief valves, rupture disks and vents.



5.

Ensure that only properly trained and authorized personnel have access to cryogenic fluid storage areas.
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1.

The maximum amount of flammable and combustible liquids stored in open areas in individual laboratories or rooms should be maintained at one day's working level only.  



2.

When not in use, flammable and combustible liquids must be stored in approved flammable liquid storage containers or cabinets.  At a minimum, this must be done at the end of the work day.



3.

Large quantities of flammable and combustible liquids should be stored in approved and designated storage areas.



4.

Do not store flammable and combustible liquids near any oxidizer.



5.

Provide adequate ventilation to prevent accumulation and ignition of flammable vapors.



6.

Store in a location away from ignition sources.

PRIVATE 
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5.1.7     Proper Hygiene and Housekeeping"



1.

Laboratory refrigerators, ice chests, cold rooms, etc. must not be used for food storage and must be labeled as such.  Separate equipment must be dedicated for food storage and prominently labeled as such.  



2.

Eating, drinking, food preparation, and applying cosmetics is prohibited in the laboratory.  Wash hands before conducting these activities and after using or handling  hazardous chemicals.



3.

Wash areas of exposed skin well before leaving the laboratory.  Touching, tasting, smelling chemicals as a means of identifying their composition should not be performed.  Avoid inhaling gases and vapors.  In case of skin contact, promptly flush the affected area with water and remove any contaminated clothing.  



4.

Mouth pipetting is prohibited.



5.

Confine long hair (including beards) and loose clothing around moving machinery and open flames.  



6.

Work areas must be orderly, free of obstructions and clean.  Cleanup must be completed at the end of any operation or at the end of the shift.



7.

Keep aisle free of obstructions and keep work areas orderly.  All unnecessary items must be removed from the lab and all necessary items must be properly stored.  



8.

Access to exits, emergency equipment, controls, etc. must be kept clear.  Emergency evacuation routes must have a minimum 44 inches clearance and must be posted.    
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1.

Lab ventilation hoods: see Section 6.3.



2.

Vacuum pumps used with hazardous materials must be vented into a local exhaust ventilation system such as a lab hood; contaminated waste oil may be a hazardous waste and must be collected by the ES&S Office.

Note: A scrubber system must be installed on experiments connected to the house vacuum to prevent venting of gases in the house gas system that may be located in a remote area such as the boiler room.          



3.

Use care with Dewar flasks and other evacuated glass apparatus.  This equipment must be shielded or wrapped in case of implosion during use.



4.

Lab equipment must be operated in an electrically safe manner including:





*
Complying with the ES&S Programs 6-4.15, Electrical Safety and 6-4.16, Lockout/Tagout.





*
If electrical conditions exist which are not understood by the person performing the work, the worker must consult their supervisor or the ES&S Office regarding safe work methods





*
All electrical outlets and equipment must be grounded





*
Electrical cords and connections must be kept out of water.  Ground fault circuit interrupters are required for installations within 6 feet of a water source





*
All electrical connections must be encased or shielded to prevent accidental contact to live electrical components





*
Motor-driven electrical equipment used in a lab where volatile flammable vapors may be present must be equipped with a nonsparking induction motor   





*
Extension cords must not be used in place of permanent hard wiring





*
There must be no potential sources of electrical ignitiion on the inside of a laboratory refrigerator which is used to store flammable/combustible liquids 



5.

Autoclave sterilizers must be safely operated as follows:





*
Never place clean and contaminated material in the same autoclave.  Old media, alkali, or other liquid may boil over and contaminate the clean material





*
Do not autoclave plastic material unless it is capable of withstanding the temperatures





*
Never autoclave flammable liquids





*
Ensure the pressure vessel and the pressure relief device is properly vented into a local exhaust ventilation system





*
Make sure the autoclave is equipped with pressure release controls for opening, or explosion protection and remote controls for high pressure autoclaving





*
Loosen all stoppered or sealed containers before autoclaving.





*
Keep face away from door when opening a hot autoclave





*
Never reach inside, unless wearing protective gloves, until the steam is completely exhausted and the apparatus is cool





*
Allow glass to cool before removing; glass is superheated and may explode when touched



6.

Centrifuges must be equipped with:





*
Adequate shielding - double walls provide greater protection.





*
An interlock disconnect switch which shuts off the rotor if the top is opened





*
Positive locking for the head





*
Electrical grounding





*
Suction cups or wheel brakes to prevent "walking"






-
Never try to stop a moving centrifuge by hand






-
Apply the brakes or let it run down by itself 




7.

Chromatography equipment must be equipped with adequate ventilation or filtering system to remove any vapors, etc. that may be released into work area.



8.

Environmental chambers, either as cold or warm rooms, have the inherent property of being a closed air-circulation system in a contained room that can result in entrapment or buildup of toxic vapors/gases inside the rooms.  Environmental chambers must:





*
Be equipped so an worker cannot get trapped inside (i.e use magnetic door latch)





*
Be equipped so that a person can signal for help in case of an emergency (i.e. alarm, telephone)





*
Be considered as a "Confined Space" as outlined in ES&S Program 6-4.3, Confined Space if air quality or escape provisions present a significant hazard





*
Be equipped with monitoring devices and alarms if potentially explosive, toxic or oxygen deficient atmospheres may be present



9.

Refrigerators must be:





*
Electrically grounded





*
UL listed and approved for flammable liquid storage if used for storing flammable and combustible liquids  





*
Properly labeled as to the status of the storage





*
Do not store chemicals, film, or other non-food items in refrigerators used for food storage



10.
Cryogenic apparatus:





*
Ensure adequate ventilation is available so that a routine or accidental release of the entire contents does not cause an oxygen deficient atmosphere





*
Provide oxygen monitoring devices and alarms as needed





*
A "Confined Space Permit” is required if an oxygen deficient atmosphere could develop due to a catastrophic release of the contents   



11.
Microwave ovens must be safely operated as follows:





*
Inspect all glassware and ensure it is not damaged before placing in microwave oven 





*
Allow contents in microwave to cool before removing to minimize potential for splashing of superheated liquids or explosion of glassware
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SPECIAL PROCEDURES FOR EXTREMELY HAZARDOUS SUBSTANCES"


This section describes additional special controls that are required for those activities that use or handle significant quantities of extremely hazardous chemicals.  The adoption of these controls to a specific activity must be based on the judgement of the worker and/or supervisor responsible for safety of chemical operations under his/her control.  
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1.

Safe Operating Procedures (SOP):  SOPs are required for working with these substances and must identify the hazards involved and outline the routine and special controls as required in this section.  Lab supervisors and workers working with these substances must be familiar and follow these specific procedures.  



2.

Designated Areas: Work involving these compounds must be done in "designated areas".  The purpose of the designated area is to restrict all activities involving these substances to a specific area.  The designated area can be an entire lab, a section of the lab, or a hood.  All handling and use of these substances must occur only in the designated area and must include the following:





*
The designated area must have specific identified boundaries with a sign indicating the designated area and the types of substances being handled;





*
Only authorized personnel are allowed to enter and work in the designated area;





*
Special controls for minimizing exposure;





*
Special storage provisions may need to be specified such as storage of containers in a limited access area in appropriately labeled and unbreakable, chemically resistant secondary containers;





*
Workers must receive special training by their lab supervisor concerning the hazards and proper safe work practice requirements in the designated area;





*
Consideration must be given to the need for special personal hygiene facilities; i.e. sinks with wash stations;





*
Special requirements for containment devices, non-contamination/decontamination, exiting and recordkeeping requirements (see discussion below).



3.

Local Exhaust Ventilation:  Work which involves the potential for release of vapors, dusts, fumes, or gases from the special substances being handled must be used in local exhaust ventilation systems as laboratory hoods and glove boxes when practical to minimize worker exposure. 





*
Special considerations must be made to ensure other equipment or operations are not contaminated with these extremely hazardous substances.





*
Glove boxes must be periodically inspected to ensure that the equipment is in good shape and that unintentional releases of substances cannot occur from tears, gaps, etc.





*
Negative pressure glove boxes must have a minimum ventilation of 2 volume changes/hour and a negative pressure of 0.5 inches of water.  A manometer can be installed to indicate if adequate negative pressure is present.





*
"Designated Area" containment devices must be evaluated to determine if an inline high efficiency particulate air (HEPA) filter or scrubber is required to remove highly toxic substances from the air stream before being exhausted from the building.





*
Work areas may need to be periodically cleaned (decontaminated) to minimize contamination.



4.

Non-contamination/Decontamination Procedures:  Special non-contamination and decontamination procedures must be specified when working with a extremely hazardous substance and must include, but not be limited to the following:





*
Protect vacuum pumps and other equipment against contamination by scrubbers, traps, or HEPA filters and vent them into an approved LEV system.





*
When practical, working surfaces must be protected from contamination by using chemically resistant trays that can be easily decontaminated or use dry, absorbent, plastic-backed paper that can be disposed after use.





*
Clean up of dry substances should be performed using wet techniques or a vacuum cleaner with a HEPA filter.





*
All equipment (i.e. glassware) removed from the designated area must be thoroughly decontaminated before it is removed from the designated area.





*
All materials used for cleaning and decontaminating equipment and surfaces must be collected and disposed as a regulated waste.  This includes contaminated protective clothing.  





*
The designated area must be decontaminated before normal work is resumed there.





*
Cleanup and removal activities must be performed with adequate personal protective equipment including skin protection (gloves, lab coat) and respiratory protection if exposure to air contaminants is possible.       



5.

Exiting:  On leaving a designated area, remove any protective equipment such as a lab coat and thoroughly wash your hands, forearms and face as necessary.
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Reproductive health hazards can affect both males and females.  Teratogens are substances which adversely effect the fetus carried within the exposed mother during her pregnancy.  Exposure to these compounds during pregnancy can lead to spontaneous abortions, birth defects, and health problems for the child and mother which may not be evident until after delivery.  The period of greatest susceptibility to teratogens is during the first 8 to 12 weeks of pregnancy.  During this time a woman may not realize she is pregnant.  Therefore, women of child-bearing age need to avoid exposures with ALL chemicals.  The women must also follow the additional procedures described below whenever they work with teratogens:



1.

Consultation with supervisors, the NREL Occupational Health Nurse and Chemical Hygiene Officer is extremely important.



2.

All work with teratogens and other reproductive hazards must be in a designated work area whenever it is warranted.



3.

Teratogens and mutagens that need special controls must be stored in a ventilated area, in an unbreakable secondary container with the container clearly marked indicating a reproductive hazard.



4.

All engineering controls, personal protective equipment and administrative controls must be used to protect women and men from embryotoxins.  Supervisors will be notified of all accidental releases of embryotoxins and of all personal contaminations involving these compounds.  Physicians must be consulted when necessary.

	PRIVATE 
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Control measures are extremely important components in reducing potential exposures to workers.  This section describes the types of controls that can be used to reduce worker exposure to hazardous chemicals, and how to determine when they are needed.
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Worker exposures to potential hazards can be controlled through the following basic methods:



*
Use of engineering controls



*
Administrative controls and following proper work practices



*
Proper use of personal protective equipment



*
Proper use of emergency safety equipment and procedures
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The use of engineering controls involves permanent changes to the operation to reduce or remove the hazard from the laboratory.  This is the best method for controlling the hazard and must be used whenever feasible.  Examples of these methods include the following:



1.

Performing the operation in a lab hood to capture and remove any hazardous releases from the operation.



2.

The use of snorkels and other local exhaust ventilation devices to capture and remove any hazardous substance at the point of release.  Exhaust from gas chromatograph, vacuum pump exhaust or other lab equipment can be vented to the exhaust ducting to avoid releasing the substance into the lab work area.



3.

Installing a treatment system on the effluent of a process to capture contaminants before they are discharged to the environment.     



4.

If possible, substituting a less toxic substance for a more toxic substance such as: 





*
Using toluene or xylene in place of benzene 





*
Using an aqueous soap solution to clean flasks in place of volatile organic solvents.
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The purpose of the use of proper work practices is to design and implement the procedures and techniques that result in minimizing worker exposure to the hazardous substances.  SOPs are used at NREL to develop and outline the proper work practices to minimize worker exposure.  Examples are as follows:



1.

Allowing an experiment to cool down or to dissipate any residual vapors before opening it to the lab environment.



2.

Using the correct tools (i.e. spark proof) and equipment to minimize the potential for spills, releases or fires.



3.

Developing procedures for the correct sequence in mixing chemicals to minimize releases of vapors; e.g. adding powders to water rather than water to powders.



4.

Using secondary spill trays or absorbent paper to minimize lab area contamination.
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The following emergency safety equipment must be readily available to lab occupants when needed.  The equipment must be located in readily accessible locations and must not be blocked by equipment or stored items.  The equipment must be inspected on a predetermined interval.



1.

Eye wash stations must be readily accessible if corrosive materials or other eye hazards exists which can cause eye damage.  A label or sign must be posted near the eye wash to indicate its location if not obvious.  Testing and inspection must be performed at least quarterly.



2.

Drench type safety showers must be present if materials which can cause skin burns, or other serious skin problems are handled and splashes over the major portions of the body can occur.  A label or sign must be posted to indicate its location if not obvious.  Testing and inspection must be performed at least quarterly.



3.

Fire extinguisher and chemicals spill kits must be available as needed; ensure a proper spill control kit is available for the chemicals used in the lab (e.g. different kits for organics, acids, bases).  
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The need for controls to reduce worker exposure during a specific operation must be based upon a determination of the potential for exposure during the operation.  The ES&S Office should be consulted to assist you in determining if additional controls are required. In general, the criteria to consider are:



*
Length of worker exposure (full shift vs. short-term)



*
Magnitude of hazard based on the types of substances being handled or used.



*
Effectiveness of controls present to reduce worker exposure.



*
Number of workers involved.



*
Quantities of hazardous chemicals used.



Two types of Worker Exposure Determinations are described below:



*
Worker Exposure Monitoring



*
Worker Concerns/Symptoms
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Deciding When Monitoring Is Required



Exposure monitoring to measure the amount of worker exposure during a specific operation provides the best indication of whether controls are needed or if exposures are within acceptable limits (e.g. PELs, TLVs).  In general, worker exposure monitoring is an important part of NREL's ES&H Program and the ES&S Office should be consulted to ensure proper monitoring is conducted.  However, worker exposure monitoring is required by OSHA for only a limited number of substances.  These are listed below.  In addition, worker exposure monitoring may be required to ensure compliance with the PELs or TLVs (see following section).



OSHA regulations require that worker exposure monitoring be performed for the following substances if the exposures can exceed the action level for the substance.



*
benzene



*
asbestos



*
dibromochlorpropane



*
inorganic arsenic



*
inorganic lead



*
vinyl chloride (monomner)



*
acrylonitrile



*
formaldehyde



*
ethylene oxide



Interpreting Monitoring Results



NREL uses two sets of exposure limits for comparison to accepted exposure criteria as follows:



*
The OSHA Permissible Exposure Limit (PEL) for any substance regulated by OSHA.  These are legal limits that must be met for any lab operation.



*
The Threshold Limit Values (TLV) as listed by the American Conference of Governmental Hygienist.



Many substances have both a PEL and a TLV.  In some cases these two limits are different for the same substance.  In these cases, it is NREL's policy to use the lower of the two  limits to evaluate exposure results.  Remember, it is good practice to minimize all unnecessary chemical exposure even if the results are below the PEL or TLV.
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A second criteria for determining if additional controls or exposure monitoring is required is for responding to worker concerns and/or symptoms.  Workers are usually the most familiar with the real operating conditions and can provide useful information of those situations that may produce adverse effects.  If a number of workers have identified similar effects or symptoms it may indicate the need for additional monitoring or the installations of controls.  In some cases, controls may be straight forward (i.e. install lab hood) and it may not be desirable to wait for monitoring.  The decision to install controls in response to worker concerns is a valid approach.  Workers that have concerns/symptoms due to a potential hazardous material exposure must immediately contact their supervisor, and the ES&S Office to investigate the concern so that the need for corrective action can be evaluated and taken.
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Local exhaust ventilation such as lab hoods, glove boxes, and snorkels must be used to protect lab personnel from potentially hazardous exposures from gases, vapors, particulates and other materials released from lab operations.  Additional detailed requirements can be found in ES&S Program 6-4.8, Local Exhaust Ventilation Program.  The following general practices must be followed when using laboratory hoods:



1.
Lab hoods approved for use with hazardous materials must meet the following criteria:




*
The average flow rate at the face of the hood must be in the range of 100 to 110 fpm




*
The flow rate must not be less than 80 fpm at any point on the face of the hood




*
Lab hood flow rates must be monitored annually, and after any repair/modifications that may alter the flow rates




*
Each lab hood must be labeled to indicate the minimum use requirements the hood is approved for, the date of the last test, and the next due date




*
A calibrated and operational airflow sensing device with a visual and audible low-flow alarm must be present with an airflow indicator ribbon




*
Critical local exhaust ventilation systems must be on emergency power



2.
The following practices must be followed when using lab hoods:




*
Chemicals or lab equipment must not be stored inside laboratory hoods since it may impede airflow




*
Confirm adequate ventilation performance before use; this may be accomplished by reviewing the label information and confirming that the ventilation is operating by ensuring the ribbon indicates airflow into the hood




*
Operate the lab hood at the proper sash height.  The hood performance label or sashstops will indicate the proper position and is based upon the proper average face velocity of the hood.  Lowering the sash during use provides additional face/eye and inhalation hazard protection.  Close the sash when the hood is not to be used or at least at the end of the shift 




*
Work as far into the hood as possible




*
Use only the equipment necessary for the experiment in the hood.  Avoid positioning equipment so that it blocks the air flow.  Use equipment with legs to facilitate air flow under the equipment




*
Keep your head out of the hood during experiments




*
Leave the hood on when not in use unless specific instructions are given otherwise




*
Hoods and the fan control box must be tagged out of service when the ventilation fan is turned off




*
Make sure the baffles located inside the hood are in the proper position for the types of chemicals to be exhausted inside the hood; the baffle position allows air to be pulled from the top, bottom, or both directions  



3.
Glove boxes must be periodically inspected to ensure the equipment is in good shape and the unintentional release of substances cannot occur from tears, gaps, etc. in the equipment.




Negative pressure glove boxes must have a minimum ventilation of 2 volume changes/hour and a negative pressure of 0.5 inches of water.  A manometer can be installed to indicate if adequate negative pressure is present.
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This method must be the last option considered for controlling exposures since it requires workers to cooperate in using the equipment correctly, that they understand the limitations of the equipment and that the equipment is readily available for use.  Protection such as goggles, faceshield, gloves, apron, and lab coats must be in addition to other controls as described above.  Respiratory protection must be obtained and used as described in ES&S Program 6-4.2, Respiratory Protection.




1.
As a general rule, all personnel, including visitors and subcontractors, must wear safety glasses with side shields when inside the defined lab working area where  chemicals are being handled.  Avoid the use of contact lens. Contact lens may not be worn when personnel are potentially exposed to or handling chemicals.  Prescription safety glasses must be worn instead.




2.
Use goggles and/or faceshield when there is a danger of splashing chemicals or flying particles.  This is particularly important with corrosive materials, e.g. acids,  bases, phenol, etc.  Use goggles when using glass apparatus for combustion, high temperature and high/low pressure operations and salt baths.  Use properly selected eyewear when working around UV, IR, and laser radiation.      




3.
Gloves must be worn whenever it is necessary to handle hazardous chemicals, rough or sharp edged objects, and very hot or cold materials.  The proper glove must be selected based on the material/chemical being handled, the particular hazard involved, the suitability for the operation being conducted, and replaced periodically.  No one glove can protect against all chemicals!  Glove materials are eventually permeated by chemicals.  Before removal, gloves should be washed.   Inspect gloves before each use by filling with air, tying off, and examining for leaks. A table showing the proper selection and resistance to chemicals of common glove materials is posted at the FTLB stockroom. 




4.
Respiratory protection is required if other controls are not feasible or adequate to reduce personal exposures to acceptable levels.  All respirator users must be certified by the ES&S Office prior to wearing a respirator.  All respirators must be stored in a cleaned location when not in use, preferably in a storage bag. 




5.
Lab coats or other protective equipment must be worn by all personnel working with chemicals.  Special protective equipment such as rubber aprons, rubber boots, gloves must be worn when handling corrosive or other hazardous chemicals, e.g. hydrogen fluoride.  Contaminated clothing must never be taken home and must be disposed as a potential hazardous waste.




6.
All lab personnel must wear closed shoes compatible for the hazards in the lab.




7.
All PPE must be kept cleaned and stored in a clean location for its continued safe use; it is not considered acceptable to leave PPE on work benches, inside lab hoods, etc.
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General experience has shown that accidental releases or spills of hazardous materials is a common enough occurrence in laboratories and that preplanning for procedures that will minimize exposure of personnel and property are necessary.  NREL has established an Emergency Preparedness Plan that includes an Emergency Notification System and an Emergency Response Plan.  All emergencies are to be reported by dialing X1234 which will implement the Emergency Notification and Response Plan.  The following is a general response procedure to be followed in the event of a hazardous material spill:




1.
Immediately evaluate the hazard severity of the spill by determining the following factors:





*
Identify the hazard properties of the material spilled (flammable, corrosive, reactive, radioactive, etc.)





*
Physical characteristics (solid, volatile liquid, etc.)





*
Quantity of spill





*
Adequacy of existing facilities to safely control spill (i.e. ventilation, drainage to sewer, potential exposure to lab/building occupants)




2.
Implement the NREL Emergency Notification System by dialing X1234 if you are unsure about the hazard severity and for all spills that cannot be immediately controlled safely.  Report all mercury spills and other spills of extremely hazardous materials and evacuate the area and affected personnel.  If the safety of other building occupants is in question, pull the fire alarm to evacuate the building and follow the proper building evacuation procedure. 




3.
Minor spills that can be cleaned up safely must immediately be cleaned up by personnel within the area ONLY IF IT CAN BE DONE SAFELY!  





*
Take care of injured or contaminated personnel





*
Notify persons in the immediate area of the spill





*
Evacuate all nonessential personnel from the area and secure the area





*
Immediately stop the source of discharge, ONLY IF SAFE TO DO SO!  This may involve:






-
Avoid breathing vapors and all skin/eye contact -use proper PPE (i.e. respirator, gloves, etc.)






-
If the spill material is flammable, turn off ignition and heat sources






-
Leave on ventilation if safe to do so






-
Stop the release by righting an overturned or punctured container, shutoff pumps, close a valve, etc.




4.
Contain the release to a small area and cleanup using available spill control kits.




5.
Follow NREL's hazardous waste disposal requirements.

	PRIVATE 
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PRIVATE 
7.1
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The OSHA Lab Standard requires the employer to provide workers with information and training to ensure that they are apprised of the hazards of chemicals present in their work areas. Such information is to be provided at the time of the initial assignments involving new exposure situations. 


Workers are to be informed of:


*
The contents of the standard.


*
The location and availability of NREL's LCHP.


*
The PELs for OSHA regulated substances or recommended exposure limits for other hazardous chemicals where there is no applicable OSHA standard.


*
Signs and symptoms associated with exposures to hazardous chemicals used in the laboratory.


*
The location and availability of known reference material on the hazards, safe handling, storage and disposal of hazardous chemicals found in the laboratory including Material Safety Data Sheets.


Worker training must include:


*
Methods and observations that may be used to detect the presence or release of a hazardous chemical.


*
The physical and health hazards of chemicals in the work area.


*
The measures workers can take to protect themselves from these hazards.


*
The applicable details of the Chemical Hygiene Plan.   


PRIVATE 
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Worker Trainingtc  \l 2 "7.2
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1.
All new lab workers must receive Chemical Safety Orientation training during New Employee ES&H Orientation before they are allowed to work in the lab, and complete refresher training every two years.  

5. Laboratory supervisors will complete the ES&H Orientation Checklist with the new worker, and inform them on lab specific chemical safety information such as identifying lab specific chemical handling and storage practices, Safe Operating Procedures for the lab, the location of the nearest safety shower/eyewash, etc.
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NREL has an established Medical Surveillance Program which consists of pre-placement and at least annual physical exams.  A Medical Clinic is located in the SERF and is staffed by a full time Occupational Health Nurse and a part time Occupational Health Physician.  This section describes the criteria for deciding when you may need additional medical surveillance based on the type of work you do.
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Medical surveillance may be useful in a number of different operations and must be considered on a case by case basis.  However, there are three categories in which workers must be provided the opportunity to receive medical surveillance and is generally done in conjunction with worker workplace exposure monitoring:



*
When required by OSHA regulations



*
When workers develop symptoms which appear to be associated with their exposures



*
When workers are involved in responding to a spill, leak, explosion or other release in hazardous exposures to chemicals.
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OSHA Regulated Substances:  Workers involved in handling, working with, or using any of the OSHA regulated carcinogens listed below in concentrations at or above the percentage amount shown must be included in NREL's Medical Surveillance Program.  There are only two exceptions:



*
Operations which only handle the carcinogens in closed, sealed containers that are no opened, i.e. there is no potential exposure.



*
Operations which only handle the carcinogen in concentrations below those listed below.

	PRIVATE 

CHEMICAL NAME
	PERCENT

	2-Acetylaminofluorene

	
1.0

	4-Aminodiphenyl 
	
0.1

	Benzindine and its salts
	
0.1

	3,3'-Dichlorobenzidine
	
1.0

	4-Dimethylaminoazobenzene
	
1.0

	alpha-Naphthylamine
	
1.0

	beta-Naphthylamine
	
0.1

	4-Nitrobiphenyl
	
0.1

	N-Nitrosodimethylamine
	
1.0

	beta-Propiolactone
	
1.0

	bis-Chloromethyl ether
	
0.1

	Methyl chloromethyl ether
	
0.1

	Ethyleneimine
	
1.0




Complete OSHA Health Regulations:  The substances below have complete OSHA regulations and labs which handle, work with, or use these substances in a manner which results in worker exposures above the action level for the substance must implement a medical surveillance program as described in the regulations.  The action level is a trigger level which is different for each substance and is specified in the OSHA regulation for each substance.  As discussed in Section 6.2, worker exposure monitoring is generally required to measure the workers' exposure levels and to determine whether these levels exceed the action level and if medical surveillance may be required.



*
benzene



*
asbestos



*
dibromochloropropane (DBCP)



*
inorganic arsenic



*
inorganic lead



*
vinyl chloride (monomer)



*
acrylonitrile



*
formaldehyde



*
ethylene oxide



*
4,4 - Methylene bis,(2 chloroaniline)
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Workers that develop symptoms which appear to be related to exposures associated with lab operations must report them to their supervisor immediately and seek medical assistance from the SERF Medical Clinic.  If an emergency occurs, implement the Emergency Notification process by dialing X1234 and request medical help.  It is very important that workers inform their supervisor of adverse health effects so that this information can be used to correct the problem so that other workers are not affected as well.
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Workers who are involved in responding to spills, explosions, or other releases may need to be included in NREL's Medical Surveillance Program. Medical surveillance is normally not needed in the following circumstances:



*
Workers responding to the release used the correct personal protective equipment and were trained in the correct procedures for responding to the release.  Workers did not experience any symptoms or adverse health effects following the response.



*
The release involved small quantities of materials which were isolated from the main work area of the lab (i.e in a hood).  Only the worker with proper equipment and training were involved in responding to the incident.



Medical Surveillance may be needed if the workers were exposed to hazardous chemicals without proper protection for an extended period of time (i.e. > 15 minutes).
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As part of NREL's Medical Surveillance Program, workers are given an opportunity to receive medical examinations under the direct supervision of a licensed physician at no cost to the worker and without loss of pay.  



8.5.1
Information Provided to the Physician


When consultation and medical exams are required for workers who work with hazardous chemicals, the worker will provide to NREL's Occupational Health Nurse and the physician the following information:



1.
The identity of the hazardous chemical(s) to which the worker may have been exposed;



2.
A description of the conditions under which the worker may have been exposed;



3.
The signs and symptoms of exposure that the worker is experiencing.



8.5.2
Physicians Written Opinion


For examinations or consultation required under the OSHA Lab Standard, NREL's Occupational Health Nurse will require a written opinion (excluding specific findings of diagnoses unrelated to occupational exposures) from the examining physician which must include the following:



1.
Any recommendations for further medical follow-up;



2.
The results of the medical examinations and any associated tests;



3.
Any medical condition which may be revealed in the course of the examination which may place the worker at increased risk as a result of exposure to a hazardous chemical found in the workplace; and

6. A statement that the worker has been informed by the physician of the results of the consultation or medical examination and any medical condition that may require further examination or treatment. 

Appendix 10.1 – Examples of Incompatible Chemicals

From: "Safety in Academic Chemistry Laboratories", American Chemical Society.

Not intended to be used as a complete list.

See Chemical Compatibility Chart here: http://www.orcbs.msu.edu/chemical/agricultural/compatchart.html
	Chemical
	Is Incompatible With

	Acetic Acid
	Chromic acid, nitric acid, hydroxyl compounds,

ethylene glycol, perchloric acid, peroxides,         permanganates

	Acetylene
	Chlorine, bromine, copper, fluorine, silver,        mercury

	Acetone
	Concentrated nitric and sulfuric acid mixtures

	Alkali and alkaline earth metals (such as powdered aluminum or magnesium, calcium, lithium, sodium, potassium)
	Water, carbon tetrachloride or other chlorinated       hydrocarbons, carbon dioxide, halogens

	Ammonia (anhydrous)
	Mercury (in manometers, for example), chlorine, calcium hypochlorite, iodine, bromine, hydrofluoric acid (anhydrous)

	Ammonium nitrate
	Acids, powdered metals, flammable liquids, chlorates, nitries, sulfur, finely divided organic        combustible materials

	Aniline
	Nitric acid, hydrogen peroxide

	Arsenical materials
	Any reducing agent

	Azides
	Acids

	Bromine
	See chlorine

	Calcium oxide
	Water

	Carbon (activated)
	Calcium hypochlorite, all oxidizing agents

	Carbon tetrachloride
	Sodium

	Chlorates
	Ammonium salts, acids, powdered metals, sulfur, finely divided organic or combustible materials

	Chromic acid and chromium
	Acetic acid, naphthalene, camphor, glycerol, alcohol, flammable liquids in general

	Chlorine


	Ammonia, acetylene, butadiene, butane, methane, propane (or other petroleum gases), hydrogen, sodium carbide, benzene, finely divided metals, turpentine

	Chlorine dioxide
	Ammonia, methane, phosphine, hydrogen sulfide

	Copper
	Acetylene, hydrogen peroxide

	Cumene hydroperoxide
	Acids (organic or inorganic)

	Cyanides
	Acids

	Flammable liquids
	Ammonium nitrate, chromic acid, hydrogen peroxide, nitric acid, sodium peroxide, halogens

	Fluorine
	All other chemicals

	Hydrocarbons (such as butane, propane, benzene)
	Fluorine, chlorine, bromine, chromic acid, sodium peroxide

	Hydrocyanic acid
	Nitric acid, alkali

	Hydrofluoric acid (anhydrous)
	Ammonia (aqueous or anhydrous)

	Hydrogen peroxide
	Copper, chromium, iron, most metals or their salts, alcohols, acetone, organic materials, aniline, nitromethane, combustible materials

	Hydrogen sulfide
	Fuming nitric acid, oxidizing gases

	Hypochlorites
	Acids, activated carbon

	Iodine
	Acetylene, ammonia (aqueous or anhydrous), hydrogen

	Mercury
	Acetylene, fulminic acid, ammonia

	Nitrates
	Sulfuric acid

	Nitric acid (concentrated)
	Acetic acid, aniline, chromic acid, hydrocyanic acid, hydrogen sulfide, flammable liquids, flammable gases, copper, brass, any heavy metals

	Nitrites
	Acids

	Nitroparaffins          
	inorganic bases, amines

	Oxalic acid
	Silver, mercury

	Oxygen
	Oils, grease, hydrogen: flammable liquids, solids or gases

	Perchloric acid
	Acetic anhydride, bismuth and its alloys, alcohol, paper, wood, grease, oils

	Peroxides, organic
	Acids (organic or mineral), avoid friction, store cold

	Phosphorus (white)
	Air, oxygen, alkalies, reducing agents

	Potassium
	Carbon tetrachloride, carbon dioxide, water

	Potassium chlorate
	Sulfuric and other acids

	Potassium perchlorate (see also chlorates)
	Sulfuric and other acids

	Selenides
	Reducing agents

	Silver
	Acetylene, oxalic acid, tartartic acid, ammonium compounds, fulminic acid

	Sodium
	Carbon tetrachloride, carbon dioxide, water

	Sodium nitrite
	Ammonium nitrate and other ammonium salts

	Sodium peroxide
	Ethyl or methyl alcohol, glacial acetic acid, acetic anhydride, benzaldehyde, carbon disulfide, glycerin, ethylene glycol, ethyl acetate, methyl acetate, furfural

	Sulfides
	Acids

	Sulfuric acid
	Potassium chlorate, potassium perchlorate, potassium permanganate (similar compounds of light metals, such as sodium, lithium)

	Tellurides
	Reducing agents


Appendix 10.2:  NREL Hazardous Chemical/Material Label Rating Guide

	Rating
	Hazard
	HEALTH (Blue)*
	FLAMMABILITY

(Red)
	REACTIVITY

(Yellow)

	
	
	Inhalation Rat LC50
	Dermal Rat LD50
	Oral Rat LD50
	
	

	0
	Minimal
	>10,000 ppm or

>200 mg/l
	>2,000 mg/kg
	>5,000 mg/kg
	Materials that will not burn
	Materials that are normally stable, even under fire conditions, and which will not react with water

	1
	Slight
	>2,000-10,000 ppm or 20-200 mg/l
	>1,000-2,000 mg/kg
	>500-5,000 mg/kg
	Flash point >200oF; materials must be preheated before ignition occurs
	Materials which are normally stable, but can become unstable at high temperatures and pressures; may react with water, but will not release energy violently

	2
	Moderate
	>200-2,000 ppm or 

2-20 mg/l
	>200-1,000 mg/kg
	>50-500 mg/kg
	Flash point >100 & <200 oF; materials must be moderately heated before ignitions occurs
	Materials which are normally unstable and will undergo violent chemical change, but will not detonate; may also react violently with water

	3
	Serious
	>20-200 ppm or 

>0.2 mg/l

*includes all corrosive materials pH <3 or >12
	>50-200 mg/kg
	>1-50 mg/kg
	Flash point >73 & <100 oF; materials can be ignited under all ambient conditions
	Materials which are capable of detonations or violent reaction, but require strong initiating source, or must be heated under confinement before ignition, or materials which react explosively with water

	4
	Severe
	0-20 ppm or 

0-0.2 mg/l

*includes all carcinogens, (IARC, NTP, OSHA) and/or reproductive hazards
	0-50 mg/kg
	<1 mg/kg
	Flash point <73 oF; materials will burn rapidly 
	Materials which are readily capable of detonation or explosive decomposition at normal temperatures and pressures


*Note:  If a mixture has not been tested as a whole to determine if the mixture is a health hazard, the mixture must be assumed to present the same health hazards as do the components which comprise 1% (by weight or volume) or greater of the mixture except the mixture must be assumed to present a carcinogenic hazard if it contains a component in concentrations of 0.1% or greater






