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GENERAL: Updated internet hyperlinks.
GENERAL: Reviewed and updated sources and references.
GENERAL: Punctuation and grammar.
DOCUMENT HISTORY: Added document history table with annual revision or re-authorization dates. 
1.2 THE MIOSHA LABORATORY STANDARD: Added title to Document History table and included Chemical Hygiene Plan re-authorization history and Revision 14: March 2024. 
1.2 THE MIOSHA LABORATORY STANDARD: Updated Chemical Hygiene Plan to align with the most current version of the MIOSHA Hazardous Work in Laboratories Standard, dated December 12, 2018. 
1.2 THE MIOSHA LABORATORY STANDARD: Relocated document history from section 1.2 to the newly added section 1.11 Document History under 1.0 SCOPE. 
1.3 SCOPE AND APPLICATION: Clarified the exclusion of Undergraduate Teaching Laboratories and Radiation, Biological, or Bloodborne Hazards from the scope of the Chemical Hygiene Plan. 
1.4 HAZARDOUS CHEMICAL DEFINITIONS: Revised the definitions of Physical Hazard and Health Hazard for improved grammar and clarity. 
1.4 HAZARDOUS CHEMICAL DEFINITIONS: Removed gases from the definition of pyrophoric substances, in accordance with the MIOSHA Hazard Communications Standard. 
1.4 HAZARDOUS CHEMICAL DEFINITIONS: Included "NIOSH Pocket Guide to Chemical Hazards" in the list of hazardous chemicals based on substantiated tests. 
1.5 RESPONSIBILITY: Renamed the Chemical Hygiene Subcommittee to the Chemical Hygiene Committee (CHC). 
1.5 RESPONSIBILITY: Elaborated on the role of the CHC in advising the Chemical Hygiene Officer (CHO) on potential revisions to the Chemical Hygiene Plan (CHP). 
1.6 EMPLOYEE RIGHTS: Incorporated language detailing work stoppage rights. 
1.9 EMPLOYEE INFORMATION AND TRAINING: Modified General Chemical Hygiene Training language to align with the MIOSHA standard. 
1.9 EMPLOYEE INFORMATION AND TRAINING: Clarified that site-specific training should be uploaded to the university training system. 
1.10 RECORD KEEPING: Introduced the requirement to report accidents to the Environmental Health and Safety (EHS) department. 
2.0 GENERAL SAFETY PRINCIPLES: Renamed Section 2 from “STANDARD OPERATING PROCEDURES” to “GENERAL SAFETY PRINCIPLES” and created subsection “2.1: STANDARD OPERATING PROCEDURES”.
2.0 GENERAL SAFETY PRINCIPLES: Added section 2.7: TRANSPORTING CHEMICALS BY VEHICLE.
2.0 GENERAL SAFETY PRINCIPLES: Introduced section 2.7: TRANSPORTING CHEMICALS BY VEHICLE. 
2.0 GENERAL SAFETY PRINCIPLES: Added items I, J, and K. 
2.3 FOOD AND DRINK IN THE LABORATORY: Reformatted the long quote paragraph into bullet points for improved readability. 
2.4 HOUSEKEEPING: Included instructions to maintain unobstructed exits and keep equipment free of hazards. 
2.5 CHEMICAL HANDLING AND STORAGE: Added item K—Utilize the ChemInventory software program to track chemical inventory. 
2.6 TRANSPORTING CHEMICALS WITHIN THE BUILDING: Introduced item D—Implement the one glove rule. 
2.7 TRANSPORTING CHEMICALS BY VEHICLE: Created a new section to address this topic. 
3.4.2 LABELING, Waste Containers: Added item 4, temporary waste container instructions. 
3.6 STANDARD LABORATORY SAFE HANDLING / STORAGE REQUIREMENTS, Flammable Materials: Revised the definitions of flammable liquids and solids, and updated the criteria for categorizing flammable gases to align with GHS Classification Rev. 10 (2023). 
3.6.3 STANDARD LABORATORY SAFE HANDLING /STORAGE REQUIREMENTS, Oxidizers: NFPA standard changed 2021, NFPA 55 7.1.10.2.2 
3.9 BIOLOGICAL MATERIAL HAZARDS: Expanded the definition of Biological Material Hazards to include recombinant DNA and certain toxins. 
4.1.3 BASIC STEPS FOR EMERGENCY AND SPILL RESPONSE, Mercury Spills: Removed mercury cleanup instructions and inserted directions to evacuate the area and contact EHS. 
4.2 INJURY AND ILLNESS: Replaced step-by-step directions with instructions to call 911 for emergencies and report non-emergency injury or illness to Risk Management. 
4.3 MEDICAL CONSULTATION: Clarified that EHS will provide information about chemical exposure. 
4.3 MEDICAL CONSULTATION: Included employee record retention language. 
4.3 MEDICAL CONSULTATION: Specified that medical restrictions will be provided in writing, without disclosing findings or diagnoses. 
5.1 SIGNS AND INFORMATION: Eliminated language stating that EHS will provide Safety Data Sheets (SDSs) upon request. 
5.4 VENTILATION CONTROLS: Changed acceptable flow rate velocity to 80-120 fpm from 60-150 fpm. 
5.5 SPILL KITS: Removed due to redundancy with 4.1.4. 
6.1 DECONTAMINATION OF EQUIPMENT: Added bullet point C—link to MSU’s material acceptance guidelines. 
7.0 STANDARD OPERATING PROCEDURES: New section. 
8.0 LABORATORY INSPECTIONS: New section. 
APPENDICES: Removed.
GLOSSARY: Moved from Appendix to beginning of document.
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ACGIH -- The American Conference of Governmental Industrial Hygienists is a voluntary membership organization of professional industrial hygiene personnel in governmental or educational institutions.  The ACGIH develops and publishes recommended occupational exposure limits each year called Threshold Limit Values (TLVs) for hundreds of chemicals, physical agents, and includes Biological Exposure Indices (BEI).
Action Level -- A concentration designated in 29 CFR part 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.
Acute -- Severe, often dangerous exposure conditions in which relatively rapid changes occur.
Acute Exposure -- An intense chemical exposure over a relatively short period of time
ANSI -- The American National Standards Institute is a voluntary membership organization (run with private funding) that develops national consensus standards for a wide variety of devices and procedures.
Asphyxiants -- A chemical (gas or vapor) that can cause death or unconsciousness by suffocation.  Simple asphyxiants such as nitrogen, either use up or displace oxygen in the air.  They become especially dangerous in confined or enclosed spaces.  Chemical asphyxiants, such as carbon monoxide and hydrogen sulfide, interfere with the body’s ability to absorb or transport oxygen to the tissues.
Autoclave -- A device to expose items to steam at a high pressure in order to decontaminate the materials or render them sterile.
Biohazard -- Infectious agents that present a risk or potential risk to the health of humans or other animals, either directly through infection or indirectly through damage to the environment.
Boiling Point -- The temperature at which the vapor pressure of a  liquid equals atmospheric pressure or at which the liquid changes to a vapor.  The boiling point is usually expressed in degrees Fahrenheit.  If a flammable material has a low boiling point, it indicates a special fire hazard.
“C” or Ceiling -- A description usually seen in connection with a published exposure limit.  It refers to the concentration that should not be exceeded, even for an instant.  It may be written as TLV-C or Threshold Limit Value—Ceiling (See also THRESHOLD LIMIT VALUE).
Carcinogen -- A substance that may cause cancer in animals or humans.
C.A.S. Number -- Identifies a chemical or mixture by the Chemical Abstracts Service, a service of the American Chemical Society that indexes and compiles abstracts of worldwide chemical literature called “Chemical Abstracts.” Most CAS numbers are unique to each substance. Rarely, a chemical can have multiple CAS numbers. 
Chemical Hygiene Officer -- An employee who is designated by the employer and who is qualified by training and experience, to provide technical guidance in the development and implementation of the provisions of the Chemical Hygiene Plan.  This definition is not intended to place limitations on the position description or job classification that the designated individual shall hold within the employer’s organizational structure.
Chemical Hygiene Plan -- A written program developed and implemented by the department which sets forth procedures, equipment, personal protective equipment and work practices that are capable of protecting students, instructors and other personnel from the health hazards presented by the hazardous chemicals used in that particular workplace.
Chronic exposure -- A prolonged exposure occurring over a period of days, weeks, or years.
Combustible -- According to the DOT and NFPA, COMBUSTIBLE liquids are those having a flash point at or above 100°F (37.8°C), or liquids that will burn.  They do not ignite as easily as flammable liquids.  However, combustible liquids can be ignited under certain circumstances, and must be handled with caution.  Substances such as wood, paper, etc., are termed “Ordinary Combustibles.”
Compressed Gas -- A gas or mixture of gases that, in a container, will have an absolute pressure exceeding 40 psi at 70˚F or 21.1˚C.  A gas or mixture of gases having an absolute pressure exceeding 104 psi at 130˚F or 54.4˚C, regardless of the pressure at 70˚F.  A liquid having a vapor pressure exceeding 40 psi gauge at 100˚F or 37.8˚C.
Concentration -- The relative amount of a material in combination with another material.  For example, 5 parts (of acetone) per million (parts of air).
Corrosive -- A substance that, according to the DOT, causes visible destruction or permanent changes in human skin tissue at the site of contact or is highly corrosive to steel.
Cutaneous/Dermal -- Pertaining to or affecting the skin.
Cytotoxin -- A substance toxic to cells in culture, or to cells in an organism.
Decomposition -- The breakdown of a chemical or substance into different parts or simpler compounds.  Decomposition can occur due to heat, chemical reaction, decay, etc.
Designated Area -- An area which may be used for work with select carcinogens, reproductive toxins or substances which have a high degree of acute toxicity.  This area may be the entire laboratory or an area under a device such as a laboratory hood.
Dermatitis -- An inflammation of the skin.
Dilution Ventilation -- See GENERAL VENTILATION.
DOT -- The United States Department of Transportation is the Federal agency that regulates the labeling and transportation of hazardous materials.
Dyspnea -- Shortness of breath, difficult or labored breathing.
EPA -- The Environmental Protection Agency is the governmental agency responsible for administration of laws to control and/or reduce pollution of air, water, and land systems.
EPA Number -- The number assigned to chemicals regulated by the Environmental Protection Agency (EPA).
Epidemiology -- The study of disease in human populations.
Erythemia -- A reddening of the skin.
Evaporation Rate -- The rate at which a material is converted to vapor (evaporates) at a given temperature and pressure when compared to the evaporation rate of a given substance.  Health and fire hazard evaluations of materials involve consideration of evaporation rates as one aspect of the evaluation.
Explosive -- A chemical that causes a sudden, almost instantaneous release of pressure, gas, and heat when subjected to sudden shock, pressure or high temperature.
Flammable Gas -- A gas that, at an ambient temperature and pressure, forms a flammable mixture with air at a concentration of 13 percent by volume or less; or, a gas that, at an ambient temperature and pressure forms a range of flammable mixtures with air wider than 12 percent by volume, regardless of the lower limit.
Flammable Liquid -- According to the DOT and NFPA a flammable liquid is one that has a flash point below 100°F.  (See FLASH POINT).
Flammable Solid -- A solid, other than a blasting agent or explosive, that is liable to cause fire through friction, absorption of moisture, spontaneous chemical change or retained heat from manufacturing or processing, or which can be ignited readily and when ignited burns so vigorously and persistently it creates a serious hazard.
Flash Point -- The lowest temperature at which a liquid gives off enough vapor to form an ignitable mixture and burn when a source of ignition (sparks, open flames, etc.) is present.  Two tests are used to determine the flash point:  open cup and closed cup.  The test method is indicated on the SDS after the flash point.
Fume -- A solid particle that has condensed from the vapor state.
Gas -- Chemical substances that exist in the gaseous state at room temperature.
General Ventilation -- Also known as general exhaust ventilation, this is a system of ventilation consisting of either natural or mechanically induced fresh air movements to mix with and dilute contaminants in the workroom air.  This is not the recommended type of ventilation to control contaminants that are highly toxic, when there may be corrosion problems from the contaminant, when the worker is close to where the contaminant is being generated, and where fire or explosion hazards are generated close to sources of ignition (See LOCAL EXHAUST VENTILATION).
Grams per Kilogram (g/Kg) -- This indicates the dose of a substance given to test animals in toxicity studies.  For example, a dose may be 2 grams (of substance) per kilogram of body weight (of the experimental animal).
Hazardous Chemicals -- Any chemical for which there is significant evidence, that acute or chronic health effects may occur in exposed personnel.  The term “health hazard” includes chemicals that are carcinogens, toxins, irritants, corrosives, sensitizers or other agents that can damage the lungs, skin, eyes or mucous membranes.
Ignitable -- A solid, liquid or compressed gas waste that has a flash point of less than 140°F.  Ignitable material may be regulated by the EPA as a hazardous waste, as well.
Incompatible -- The term applied to two substances to indicate that one material cannot be mixed with the other without the possibility of a dangerous reaction.
Ingestion -- Taking a substance into the body through the mouth as food, drink, medicine, or unknowingly as on contaminated hands or cigarettes, etc.
Inhalation -- The breathing in of an airborne substance that may be in the form of gas, fumes mists, vapors, dusts, or aerosols.
Inhibitor -- A substance that is added to another to prevent or slow down an unwanted reaction or change.
Irritant -- A substance that produces an irritation effect when it contacts skin, eyes, nose, or respiratory system.
Laboratory -- A facility where relatively small quantities of hazardous materials are used on a non-production basis.
Laboratory Scale -- Work with substances in which the containers used for reactions, transfers, and other handling of substances are designed to be easily and safely manipulated by one person.
Laboratory-type Hood -- A device constructed and maintained to draw air from the laboratory and to prevent or minimize the escape of air contaminants into the laboratory.
Laboratory Use of Hazardous Materials -- The handling or use of chemicals in which the following conditions are met: (1) Chemical manipulations are carried out on a laboratory scale.  (2) Multiple chemical procedures or chemicals are used.  (3) The procedures involved are not part of a production process.  (4) Protective laboratory practices and equipment are available and in common use to minimize the potential for personnel exposure to hazardous chemicals.
Laminar Air Flow -- Air flow in which the entire mass of air within a designated space move with uniform velocity in a single direction along parallel flow lines with a minimum of mixing.
Lethal Concentration50 -- The concentration of an air contaminant (LC50) that will kill 50 percent of the test animals in a group during a single exposure.
Lethal Dose50 -- The dose of a substance or chemical that will (LD50) kill 50 percent of the test animals in a group within the first 30 days following exposure.
Local Exhaust Ventilation (Also known as exhaust ventilation) -- A ventilation system that captures and removes air contaminants at the point they are being produced before they escape into the workroom air.  The system consists of hoods, ductwork, a fan and possibly an air cleaning device.  Advantages of local exhaust ventilation over general ventilation include:  removing the contaminant rather than diluting it; less airflow making it a more economical system over the long run; and conservation or reclamation of valuable materials.  However, the system must be properly designed with the correctly shaped and placed hoods, correctly sized fans and correctly connected ductwork.
Lower Explosive Limit (LEL) (Also known as Lower Flammable Limit-LFL) -- The lowest concentration of a substance that will produce a fire or flash when an ignition source (flame, spark, etc.) is present.  It is expressed in percent of vapor or gas in the air by volume.  Below the LEL or LFL, the air/contaminant mixture is theoretically too “lean” to burn (See also UEL).
Melting Point -- The temperature at which a solid changes to a liquid.  A melting range any be given for mixtures.
MIOSHA – Michigan Occupational Safety and Health Administration, the regulatory agency responsible for setting legally required health and safety standards for the state of Michigan.
MSHA -- The Mine Safety and Health Administration; a Federal agency that regulates the mining industry in the safety and health area.
Mutagen -- Anything that can cause a change (or mutation) in the genetic material of a living cell.
Narcosis -- Stupor or unconsciousness caused by exposure to a chemical.
NFPA -- The National Fire Protection Association is a voluntary membership organization whose aims are to promote and improve fire protection and prevention.  NFPA has published 16 volumes of codes known as the National Fire Codes.  Within these codes is Standard No. 704, “Identification of the Fire Hazards of Materials.”  This is a system that rates the hazard of a material during a fire.  These hazards are divided into health, flammability, and reactivity hazards and appear in a well-known diamond system using from zero through four to indicate severity of the hazard.  Zero indicates no special hazard and four indicates severe hazard.
NIOSH -- The National Institute for Occupational Safety and Health is a division of the CDC that trains occupational health and safety professionals, conducts research on health and safety concerns, and tests and certifies respirators for workplace use. NIOSH publishes OELs called Recommended Exposure Limits (REL). NIOSH provides information for regulators but is not a regulatory agency itself.
Occupational Exposure Limit (OEL) – Generic term for the upper limit of the acceptable concentration of a hazardous substance in workplace air. OELs are researched and published by a variety of government and industry entities. MSU is required to comply with MIOSHA OELs called Permissible Exposure Limits (PEL).  Where a substance does not have a MIOSHA PEL, OELs published by research entities can be followed voluntarily.  Voluntary OELs include NIOSH Recommended Exposure Limits (REL), ACGIH Threshold Limit Values (TLV®).
Occupational Safety and Health Administration (OSHA) -- Federal agency under the Department of Labor that publishes and enforces safety and health regulations for most businesses and industries in the United States.
Odor Threshold -- The minimum concentration of a substance at which a majority of test subjects can detect and identify the substance’s characteristic odor.
Oxidation -- The process of combining oxygen with some other substance or a chemical change in which an atom loses electrons.
Oxidizer -- The reactant in a redox reaction that gains an electron. 
Oxygen Deficiency -- An atmosphere having less than the normal percentage of oxygen found in normal air.  Normal air contains 21% oxygen at sea level.
Permissible Exposure Limit (PEL) -- An exposure limit that is published and enforced by OSHA as a legal standard.  PEL may be either a time-weighted-average (TWA) exposure limit (8 hour), a 15-minute short term exposure limit (STEL), or a ceiling (C).  The PELs are found in Tables Z-1, Z-2, or Z-3 of OSHA regulations 1910.1000. (See also TLV).
Personal Protective Equipment (PPE) -- Any devices or clothing worn by the worker to protect against hazards in the environment.  Examples are respirators, gloves, and chemical splash goggles.
Physical Hazard -- A chemical that has scientifically valid evidence proving it to be a combustible liquid, a compressed gas, explosive, flammable, an organic peroxide, an oxidizer, pyrophoric, unstable (reactive) or water-reactive.
Polymerization -- A chemical reaction in which two or more small molecules combine to form larger molecules that contain repeating structural units of the original molecules.  A hazardous polymerization is the above reaction with an uncontrolled release of energy.
Principal Investigator (PI) -- The head of the laboratory, director of the facility, or equivalent, typically the professor holding the research grant. 
RAD -- The unit of absorbed dose equal to 100 ergs per gram or 0.01 joules per kilogram of absorbing material.
Reactivity -- A substance’s susceptibility to undergoing a chemical reaction or change that may result in dangerous side effects, such as explosion, burning, and corrosive or toxic emissions.  The conditions that cause the reaction, such as heat, other chemicals, and dropping, will usually be specified as “Conditions to Avoid” when a chemical’s reactivity is discussed on a SDS.
Reproductive Toxins -- Chemicals which affect the reproductive capabilities including chromosomal damage (mutations) and effects on fetuses.
Respirator -- A device which is designed to protect the wearer from inhaling harmful contaminants.
Respiratory Hazard -- A particular concentration of an airborne contaminant that, when it enters the body by way of the respiratory system or by being breathed into the lungs, results in some bodily function impairment.
Select carcinogen -- A chemical listed by MIOSHA as a carcinogen, by the National Toxicology Program (NTP) as "known to be carcinogenic" or by the International Agency for Research on Cancer (IARC) as a Group 1 carcinogen.  Also included are chemicals or processes listed in either Group 2A or 2B by IARC, or under the category “reasonably anticipated to be carcinogens” by NTP and that cause statistically significant tumor incidence in experimental animals in accordance with any of the following criteria:
1.	After inhalation exposure of 6-7 hours per day, 5 days per week, for a significant portion of a lifetime to dosages of less than 10 mg/m3 
2.	After repeated skin application of less than 300 mg/kg of body weight per week 
3.	After oral dosages of less than 50 mg/kg of body weight per day 
Sensitizer -- A substance that may cause no reaction in a person during initial exposures, but afterwards, further exposures will cause an allergic response to the substance.
Short Term Exposure Limit -- Represented as STEL or TLV-STEL, this is the maximum concentration to which workers can be exposed for a short period of time (15 minutes) for only four times throughout the day with at least one hour between exposures.  Also, the daily TLV-TWA must not be exceeded.
“Skin” -- This designation sometimes appears alongside a TLV or PEL.  It refers to the possibility of absorption of the particular chemical through the skin and eyes.  Thus, protection of large surface areas of skin should be considered to prevent skin absorption so that the TLV is not invalidated.
Systemic -- Spread throughout the body; affecting many or all body systems or organs; not localized in one spot or area.
Teratogen -- An agent or substance that may cause physical defects in the developing embryo or fetus when a pregnant female is exposed to that substance.
Threshold Limit Value (TLV) -- Airborne concentrations of substances devised by the ACGIH that represents conditions under which it is believed that nearly all workers may be exposed for a conventional 8-hour workday and a 40-hourworkweek, without adverse effect.  TLVs are advisory exposure guidelines, not legal standards, that are based on evidence from industrial experience, animal studies, or human studies when they exist.  There are three different types of TLVs: Time Weighted Average (TLV-TWA), Short Term Exposure Limit (TLV-STEL) and Ceiling (TLV-C).  (See also PEL).
Time Weighted Average (TWA) -- The average time, over a given work period (e.g. 8-hour workday) of a person’s exposure to a chemical or an agent.  The average is determined by sampling for the contaminant throughout the time period.  Represented as TLV-TWA.
Toxin -- A toxic substance produced naturally by living organisms such as plants, animals, fungi, or bacteria that can cause harm to other organisms.
Toxicant – A man-made toxic substance that can cause harm to living organisms.
Toxicity -- The potential of a substance to exert a harmful effect on humans and a description of the effect and the conditions or concentration under which the effect takes place.
Trade Name -- The commercial name or trademark by which a chemical is known.  One chemical may have a variety of trade names depending on the manufacturers or distributors involved.
Unstable (Reactive) -- A chemical that, in its pure state or as commercially produced, will react vigorously in some hazardous way under shock conditions (i.e., dropping), certain temperatures, pressures, air, or water.   
Upper Explosive Limit -- Also known as Upper Flammable Limit, is the highest concentration (expressed in percent of vapor or gas in the air by volume) of a substance that will burn or explode when an ignition source is present.  Theoretically, above this limit the mixture is said to be too “rich” to support combustion.  The difference between the LEL and the UEL constitutes the flammable range or explosive range of a substance.  That is, if the LEL is 1ppm and the UEL is 5ppm, then the explosive range of the chemical is 1ppm to 5ppm.  (See also LEL).
Vapor -- The gaseous state of substances which are normally in the liquid or solid state (at normal room temperature and pressure).  Vapors evaporate into the air from liquids such as solvents.  Solvents with low boiling points will evaporate.
Vapor Pressure -- The pressure that a solid or liquid exerts when it is in equilibrium with its vapor at a given temperature.
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It is the responsibility of Michigan State University, as an employer, to take every reasonable precaution to provide a work environment that is free from recognizable hazards for its employees in accordance with the "general duty" clause of the Michigan Occupational, Safety and Health Act, Section 11(a).
Furthermore, MSU is required by the Michigan Occupational Safety and Health Administration (MIOSHA) Hazardous Work in Laboratories standard (the Laboratory Standard - §408.1024 of the Michigan Compiled Laws) to ensure that the necessary work practices, procedures and policies are implemented to protect all employees working in University-owned and operated laboratories from hazardous chemicals in the work area.
Michigan State University and its employees have the responsibility to be well informed regarding hazardous chemicals and risks associated with using hazardous chemicals in the laboratory environment. This document is intended for University-wide compliance with the MIOSHA Laboratory Standard and will serve as a broad-based Chemical Hygiene Plan for all University-owned and operated laboratories.
[bookmark: _Toc161301982][bookmark: _Toc216354719][bookmark: _Toc228533069]The MIOSHA Laboratory Standard (adopted by MIOSHA January 1, 1992, revised January 12, 2014)
The Michigan Occupational Safety and Health Administration (MIOSHA) has determined that laboratories typically differ from industrial operations in the use and handling of hazardous chemicals. A different approach than that found in MIOSHA’s substance specific health standards is warranted to protect workers. The Laboratory Standard applies to all laboratories that use hazardous chemicals in accordance with the definitions of laboratory use and laboratory scale provided in this document. Generally, where this standard applies, it supersedes the provisions of all other standards in the MIOSHA Right-to-Know Law and the federal Occupational Safety and Health Administration (OSHA) Hazard Communication Standard 29 CFR, part 1910.1200, except the obligation to maintain employee exposures at or below the permissible exposure limits (subpart Z of 1910.1200), prohibition of skin and eye contact where specified by any OSHA/MIOSHA standard and in other instances where the scope of hazards is not adequately addressed by this standard.
[bookmark: _Toc161301983][bookmark: _Toc216354720][bookmark: _Toc228533070]Scope and Application
This document serves as the written guide for MSU compliance to the Laboratory Standard and the Chemical Hygiene Plan (CHP) requirements contained therein. All units at Michigan State University engaged in the laboratory use (as defined by this document) of hazardous chemicals are required to comply with this document.
The primary objective of this document is to provide a general guide for handling hazardous chemicals in laboratories. The Chemical Hygiene Plan establishes the basic safety principles for laboratory procedures, equipment and work practices that are capable of protecting employees from physical and health hazards of hazardous chemicals in laboratories.
This document is intended only to highlight those safety measures necessary for achieving a safe and healthy work environment. Where the scope of hazards is not adequately addressed by this general document, specific Standard Operating Procedures must be developed by the project director. This CHP does not, however, apply to:
Work involving chemicals that do not meet the conditions of the definition of laboratory use of hazardous chemicals. In such cases, the employer shall comply with all relevant specific substance standards even if such use occurs in a laboratory type setting.
Work involving the laboratory use of hazardous chemicals that does not have the potential for employee exposure.
Undergraduate teaching laboratories.
Radiation, biological, or bloodborne hazards.
This document will hereafter be known as the Michigan State University Chemical Hygiene Plan (MSU CHP).
[bookmark: _Toc161301984][bookmark: _Toc216354721][bookmark: _Toc228533071]Hazardous Chemical Definitions
A hazardous chemical is defined by MIOSHA as any chemical, chemical compound, or mixture of compounds which is a physical and/or health hazard. MIOSHA designates a chemical as a physical hazard if it has one of more of the following properties:
Explosive
Flammable (gases, aerosols, liquids or solids)
Oxidizer (liquid, solid or gas)
Self-reactive
Pyrophoric (liquid or solid)
Self-heating
Organic peroxide
Corrosive to metal
Gas under pressure
In contact with water emits flammable gas
Combustible dust
MIOSHA designates a chemical as a health hazard if it has one or more of the following properties:
Acute toxicity (any route of exposure)
Skin corrosion or irritation
Serious eye damage or eye irritation
Respiratory of skin sensitization
Germ cell mutagenicity
Carcinogenicity
Reproductive toxicity
Specific target organ toxicity (single or repeated exposure)
Aspiration hazard
Particularly hazardous substances, by MIOSHA definition, are select carcinogens, reproductive toxicants and chemicals with a high degree of acute and chronic toxicity.
Select carcinogens are chemicals listed by MIOSHA as carcinogens, by the National Toxicology Program (NTP) as "known to be carcinogens" and by the International Agency for Research on Cancer (IARC) as Group 1 carcinogens. Also included are chemicals or processes listed in either Group 2A or 2B by IARC or under the category “reasonably anticipated to be carcinogens” by NTP and that cause statistically significant tumor incidence in experimental animals in accordance with any of the following criteria:
1. After inhalation exposure of 6-7 hours per day, 5 days per week, for a significant portion of a lifetime to dosages of less than 10 mg/m3 
After repeated skin application of less than 300 mg/kg of body weight per week 
After oral dosages of less than 50 mg/kg of body weight per day 
Reproductive toxicants are defined by MIOSHA as any chemical which affects the reproductive capabilities, including adverse effects on sexual function and fertility in adult males and females, as well as adverse effects on the development of the offspring.
Chemicals with a high degree of acute and chronic toxicity are not defined in the Laboratory Standard. Therefore, the MIOSHA Hazard Communication definition of a highly toxic chemical will be used. Chemicals with a high degree of acute toxicity are chemicals that have a median lethal dose (LD50) of 50 milligrams or less per kilogram of body weight when administered orally to albino rats weighing between 200 and 300 grams each. The LD50 is that dose at which a lethal response is observed in 50% of the test animals.
The following sources have established lists of hazardous chemicals based on substantiated tests:
1. OSHA, 29 CFR 1910.1200 Subpart Z, Toxic and Hazardous Substances and Appendices A and B of OSHA 29 CFR 1910.1200 which are referenced in MIOSHA R325.70101(2)
1. American Conference of Governmental Industrial Hygienists (ACGIH), “Threshold Limit Values for Chemical Substances and Physical Agents in the Work Environment,” (latest edition)
1. National Institute for Occupational Safety and Health (NIOSH), “NIOSH Pocket Guide to Chemical Hazards”
The hazard(s) of a chemical may also be listed on its container label. Additionally, if the hazard of a chemical is not evident from the container label, the Safety Data Sheet (SDS) will list the specific hazards. Use the SDS to address chronic toxicity. For further help in determining the hazard of a chemical, contact your supervisor, instructor or EHS.
[bookmark: _Toc161301985][bookmark: _Toc216354722][bookmark: _Toc228533072]Responsibility
The Office of Environmental Health and Safety (EHS) shall be responsible for assuring University compliance with State and Federal standards and for preparing any reports, as established in the "Policies, Procedures and Guidelines for Radiation, Chemical and Biological Safety" document. In this vein, EHS is responsible for oversight of University compliance with the MIOSHA Laboratory Standard and the Chemical Hygiene Plan required therein and will develop the provisions of the Michigan State University Chemical Hygiene Plan.
The Chemical Safety Officer of EHS will serve as the Chemical Hygiene Officer (CHO). The CHO, along with EHS, can assign areas of responsibility to units, Principal Investigators, laboratory supervisors and other individuals as necessary, to implement and carry out the provisions of the CHP. The CHO will serve on the Chemical Hygiene Committee (CHC). The CHC will advise the Chemical Hygiene Officer (CHO) of any possible revisions of the CHP. 
EHS, the CHO and the CHC will serve as the on-campus authorities and sources of information for the MIOSHA Laboratory Standard and the MSU CHP.
Unit (departments, institutes, schools, outlying field stations, service groups, facilities, etc.): Unit chief administrative officers are responsible for maintaining a unit safety system, including identification of a safety officer. They have the responsibility to support and ensure the enforcement of the MSU CHP and to support the CHO and the CHC in implementing the provisions of this plan within their respective units.
Principal Investigator: The legal responsibility for safety and well-being of all personnel in contact with any university-related activity utilizing radiation, chemical or biological hazards lies with the Principal Investigator (P.I.) and the administrative officers responsible at the various university levels. Specifically, the P.I. is responsible for:
1. Ensuring all employees under his/her supervision have received general chemical training from EHS.
Providing all employees under his/her supervision with site-specific training and documenting such training. 
Following appropriate guidelines prescribed in this document.
Employee: Individual laboratory employees are responsible for their own safety. All individuals performing work with hazardous substances must accept a shared responsibility for operating in a safe manner once they have been informed about the extent of risk and safe procedures for their activities. They also have the responsibility to inform their supervisors of accidents and work practices or working conditions they believe hazardous to their health or to the health of others.
Student: While students are not covered under the provisions of the MIOSHA Laboratory Standard, students should be made aware of chemical health and safety hazards in classroom situations and should be provided with information and equipment to protect themselves from those hazards. Units should provide student training at the beginning of each course in which hazardous chemicals are used. Specific safety instructions should be provided at the beginning of each class period.
[bookmark: _Toc161301986][bookmark: _Toc216354723][bookmark: _Toc228533073]Employee Rights
It is the employee's right to receive information about the known physical and health hazards of the hazardous chemicals in their work areas and to receive adequate training to work safely with these substances.
Employees have the right to work in a safe environment and inform the P.I. or laboratory supervisor about potential risks in the laboratory.
Any faculty, staff, student or visitor working in a laboratory setting has the ability to cease work if they believe a safety problem is present.  Work stoppage should be immediately reported to EHS and the PI/laboratory manager.
[bookmark: _Toc161301987][bookmark: _Toc216354724][bookmark: _Toc228533074]Availability
The MSU Chemical Hygiene Plan must be readily available to employees and employee representatives through their P.I., supervisor or departmental office.
[bookmark: _Toc161301988][bookmark: _Toc161301989]Additional copies of this document are available from the EHS office and the EHS web site (ehs.msu.edu).	
[bookmark: _Toc216354725][bookmark: _Toc228533075]Annual Review
The MSU Chemical Hygiene Plan will be reviewed annually from its effective date by the Chemical Hygiene Officer and the Chemical Hygiene Committee. 
[bookmark: _Toc161301990][bookmark: _Toc216354726][bookmark: _Toc228533076]Employee Information and Training
Employees must have access to information and training to ensure that they are apprised of the hazards of chemicals present in the work area. Such information must be provided at the time of an employee’s initial assignment to a work area where hazardous chemicals are present and prior to assignment involving new exposure situations. Employees should receive periodic refresher information and training to ensure that they are aware of the risks of exposure to hazardous chemicals.
Information: Information provided by EHS/Units/P.I.s/Supervisors to employees must include:
1. The contents of the MIOSHA Hazardous Work in Laboratories standard.
1. The location and availability of the MSU CHP.
1. The permissible exposure limits for OSHA/MIOSHA regulated substances or published exposure limits for other hazardous chemicals where there is no applicable OSHA/MIOSHA standard.
1. Signs and symptoms associated with exposures to hazardous chemicals used in the laboratory (available on Safety Data Sheets).
1. The location and availability of known reference materials on the hazards, safe handling, storage and disposal of hazardous chemicals found in the laboratory, including, but not limited to, Safety Data Sheets received from the supplier.
All of the above information is available from the EHS website (ehs.msu.edu).
Method of Training: General chemical hygiene training will be provided by EHS via online training courses. Site-specific training will be provided by P.I.s or an appropriate designee. Information regarding required online chemical hygiene training can be found at the EHS website (ehs.msu.edu).
General chemical hygiene training provided by EHS to employees will include:
1. Methods and observations that may be used to detect the presence or release of a hazardous chemical (such as monitoring conducted by continuous monitoring devices, visual appearance or odor of hazardous chemicals when being released, etc.).
1. General physical and health hazards of chemicals in the work area
1. The measures employees can take to protect themselves from these hazards, including specific procedures the [University or department] has implemented to protect employees from exposure to hazardous chemicals, such as appropriate work practices, emergency procedures, and personal protective equipment to be used. 
1. The applicable details of the MSU CHP.
Site-specific training provided by Units/P.I.s/Supervisors to employees will include:
1. Site-specific standard operating procedures.
Specific physical and health hazards of chemicals in the work area (available on Safety Data Sheets).
Site-specific information and training on relevant laboratory equipment
Documentation: General chemical hygiene training required by the CHP will be documented by EHS. EHS will maintain these training records in electronic format. Site-specific training must be uploaded to the university training system by the unit/P.I./supervisor and be available to representatives of EHS, the CHO, members of the CHC or other regulatory officials upon request.
[bookmark: _Toc161301991][bookmark: _Toc216354727][bookmark: _Toc228533077]Record Keeping
EHS will retain records of all employees who complete the general chemical hygiene training given by EHS.
It is required that records of specific laboratory training for individual laboratories be retained by the P.I. in the laboratory or the department.
Accident records for employees should be written and retained within the laboratory or unit and reported to EHS.
The amount of time a unit chooses to retain training records is not specified in the Laboratory Standard. It is recommended by this document that such records be retained for at least one year after an employee leaves a position. Ideally, training records should be retained indefinitely.
[bookmark: _Toc228533078]General Safety Principles
The following minimum safety practices should be followed when working with hazardous chemicals: 
A. Examine the known hazards associated with the materials being used. Never assume all hazards have been identified. Carefully read the label before using an unfamiliar chemical. When appropriate, review the Safety Data Sheet (SDS) for special handling information. Determine the potential hazards and use appropriate safety precautions before beginning any new operation.
B. Be familiar with the location of emergency equipment - fire alarms, fire extinguishers, emergency eyewash and shower stations and know the appropriate emergency response procedures.
C. Avoid distracting or startling other workers when they are handling hazardous chemicals.
D. Use equipment and hazardous chemicals only for their intended purposes.
E. Always be alert to unsafe conditions and actions and call attention to them so that corrective action can be taken as quickly as possible.
F. Wear eye and face protection when appropriate.
G. Always inspect equipment for leaks, tears and other damage before handling a hazardous chemical. This includes fume hoods, gloves, goggles, etc.
H. Do not taste or smell hazardous chemicals.
I. Check equipment for frayed or unsafe electric plugs.
J. Do not use elemental mercury without express EHS permission.
K. Do not touch doorknobs, elevator buttons, or other touch points with contaminated gloves.
L. Identify safe shutdown steps in case of a power outage or an emergency.
[bookmark: _Toc216354729][bookmark: _Toc228533079]Standard Operating Procedures
EHS provides generic standard operating procedure templates relevant to safety and health considerations when laboratory work involves the use of hazardous chemicals. Where the scope of hazards is not adequately addressed by this general document, units and/or P.I.s must develop written standard operating procedures for work area specific operations. Standard Operating Procedures must be provided to all affected laboratory employees. The Standard Operating Procedures in this document specify minimum regulations and recommendations.
[bookmark: _Toc161301994][bookmark: _Toc216354730][bookmark: _Toc228533080]Health and Hygiene
The following practices have been established to protect laboratory employees from health risks associated with the use of hazardous chemicals:
A. Avoid direct contact with any hazardous chemical. Know the types of protective equipment available and use the proper type for each job.
B. Employees shall confine long hair and secure loose clothing and jewelry before beginning work.
C. Do not mouth pipette.
D. Use appropriate safety equipment whenever exposure to gases, vapors or aerosols is suspected and ensure exhaust facilities are working properly.
E. Wash thoroughly with soap and water after handling chemicals, before leaving the laboratory and before eating or drinking.
F. Contact lenses may be worn in the laboratory, depending on the compounds being used. Consult the chemical SDS for further limitations and precautions of contact lens use and wear.
G. Replace personal protective equipment as appropriate.
H. Laboratory employees shall be familiar with the symptoms of exposure for the chemicals with which they work and the precautions necessary to prevent exposure.
[bookmark: _Toc161301995][bookmark: _Toc216354731][bookmark: _Toc228533081]Food And Drink In The Laboratory
	The following practices regarding food, drink, and cosmetics shall be followed:
A. There shall be no food, drink, smoking or applying cosmetics in laboratories which have radioactive materials, biohazardous materials or hazardous chemicals present. 
B. There shall be no storage, use or disposal of these 'consumable' items in laboratories (including refrigerators within laboratories). 
C. Rooms which are adjacent, but separated by floor to ceiling walls, and do not have any chemical, radioactive or biohazardous agents, present, may be used for food consumption, preparation, or applying cosmetics at the discretion of the project director responsible for the areas.
[bookmark: _Toc161301996][bookmark: _Toc216354732][bookmark: _Toc228533082]Housekeeping
Safety follows from good housekeeping practices. Use the following guidelines to maintain an orderly laboratory:
A. Keep work areas clean and uncluttered, exits unobstructed, and equipment free of hazards.  Clean up work areas upon completion of an operation or at the end of each work day, including floors.
B. Dispose of waste as per the Michigan State University Hazardous Waste Disposal Guidance.
C. A separate waste receptacle must be designated for non-contaminated glass. Follow guidelines established in the MSU Hazardous Waste Disposal Guide for disposal of contaminated glass.
D. Clean spills immediately and thoroughly, as per the guidelines established in Section 4.1 of this document. Ensure a chemical spill kit is available and that employees know how to use it.
E. Do not block exits, emergency equipment or controls or use hallways and stairways as storage areas.
Assure hazardous chemicals are properly segregated into compatible categories
F. Keep laboratory windows free of obstructions or coverings that could impair visual assessment of a chemical spill or accident within the laboratory; except where necessary for research integrity, security or by prior approval from EHS.
[bookmark: _Toc161301997][bookmark: _Toc216354733][bookmark: _Toc228533083]Chemical Handling and Storage
The decision to use a hazardous chemical should be a commitment to handle and use the chemical properly from initial receipt to disposal.
A. Information on proper handling, storage and disposal of hazardous chemicals and access to related Safety Data Sheets should be made available to all laboratory employees prior to the use of the chemical. 
B. Always purchase the minimum amount necessary to maintain operations.
C. Chemical containers with missing or defaced labels or that violate appropriate packaging regulations should not be accepted.
D. Chemicals utilized in the laboratory must be appropriate for the laboratory's ventilation system.
E. Chemicals should not be stored on high shelves, and large bottles should be stored no more than two feet from floor level.
F. Chemicals shall be segregated by compatibility.
G. Chemical storage areas must be labeled as to their contents (see section 5.1.4)
H. Storage of chemicals at the lab bench or other work areas shall be kept to a minimum.
I. Any chemical mixture shall be assumed to be as toxic as its most toxic component.
J. Substances of unknown toxicity shall be assumed to be toxic.
K. Track chemical inventory using the ChemInventory software program.
[bookmark: _Toc161301998][bookmark: _Toc216354734][bookmark: _Toc228533084]Transporting Chemicals Within the Building
When transporting chemicals between laboratory areas, precautions should be taken to avoid dropping or spilling chemicals.
A. Carry glass containers in specially designed bottle carriers or a leak resistant, unbreakable secondary container.
B. When transporting chemicals on a cart, use a cart that is suitable for the load and one that has high edges to contain leaks or spills.
C. When possible, transport chemicals in freight elevators to avoid the possibility of exposing people on passenger elevators.
D. When carrying by hand, use the one glove rule: use one gloved hand for handling the materials and use the other ungloved hand for touching common surfaces such as door knobs and elevator buttons.
[bookmark: _Toc161301999][bookmark: _Toc216354735][bookmark: _Toc228533085]Transporting Chemicals by Vehicle
The following precautions must be followed when transporting chemicals by vehicle.
A. University – owned vehicle is required whenever possible for transport. Secure the container in a location in the vehicle whereby if an accident occurs, the container or its contents will not be an exposure risk to the driver or environment.  For example in a car it can be placed in the back seat or trunk, secured with bungee cords or seat belt to keep it upright and stable.
B. Chemicals must be in the primary container designed to contain the material. Do not use food containers or other containers not originally designed for laboratory storage purposes.
C. Place primary sample containers into appropriate secondary container. This container should be leak-proof with a latchable lid.   
D. Do not transport gas cylinders, hazardous waste, or containers in poor condition.
E. Place enough absorbent material in the secondary container to absorb all free liquids in the event that the primary containers rupture or break during transport.
F. Place primary containers in secondary container in a manner that will reduce shock, rupture, and/or breakage. Use plastic containers when possible. Multiple glass containers should be separated by a rack or shock absorbent material, keeping the containers from bumping one another, causing them to break.
G. Label the outside of the secondary container with: 
a. Emergency contact information (name and phone number); and
b. Attach a Safety Data Sheet for the chemicals inside.
H. Properly packaged and secured, a spill should NOT occur during transport. In the event of a spill: 
a. Outside of a building: isolate the area and contact EHS at 355-0153. Stay at spill site until EHS arrives.
b. In a vehicle: leave the vehicle with closed windows and locked doors. Contact EHS 355-0153 and stay at spill site until EHS arrives.
[bookmark: _Toc161302000][bookmark: _Toc216354736][bookmark: _Toc228533086]Compressed Gases
Special systems are needed for handling materials under pressure. Cylinders pose mechanical, physical and/or health hazards, depending on the compressed gas in the cylinder.
A. Cylinders with regulators must be individually secured. Only cylinders with valve protection caps securely in place may be safely gang-chained (chained in groups).
B. When storing or moving a cylinder, have the valve protection cap securely in place to protect the stem.
C. Cylinders must be secured in an upright position at all times. Use suitable racks, straps, chains, or stands to support cylinders against an immovable object, such as a bench or a wall, during use and storage. Do not allow cylinders to fall or lean against one another.
D. Use an appropriate cart to move cylinders.
E. Never bleed a cylinder completely empty. Leave a slight pressure to keep contaminants out.
F. Oil or grease on the high pressure side of an oxygen cylinder can cause an explosion. Do not lubricate an oxygen regulator or use a fuel gas regulator on an oxygen cylinder. Use an oxygen approved regulator.
G. Always wear goggles or safety glasses with side shields when handling compressed gases.
H. Always use appropriate gauges, fittings, and materials compatible with the particular gas being handled.
I. When working with a toxic, corrosive, or reactive gas is planned, EHS Should be consulted in advance to determine specific handling requirements. Generally, these gases will need to be used and stored with local exhaust ventilation such as a lab hood or a gas cabinet designed for that purpose.
[bookmark: _Toc161302001][bookmark: _Toc216354737][bookmark: _Toc228533087]Unattended Operations
At times, it may be necessary to leave a laboratory operation unattended. Follow these basic guidelines in the design of an experiment to be left unattended:
A. Always check with your laboratory supervisor to determine if it is necessary to leave a laboratory operation unattended. If necessary, develop a protocol with your laboratory supervisor for the unattended operation of potentially dangerous equipment or methods. Develop a protocol for potential interruptions in electric, water, inert gas and other services and provide containment for toxic substances as part of the protocol.
B. A warning notice must be posted in the vicinity of the experiment if hazardous conditions are present that includes the name of the experiment, the chemicals used, the hazards present, emergency contact information, and emergency shutdown procedures. 
[bookmark: _Toc161302002][bookmark: _Toc216354738][bookmark: _Toc228533088]Working Alone
No one shall work alone in laboratories when using equipment, processes and/or chemicals with the potential for explosions, fire, electrocution or serious physical harm. This includes toxic and highly reactive chemicals, poison gases, high energy lasers, power tools and equipment. Employees must consult with their Principal Investigators before performing any operations after normal working hours or when others will not be present. All high-hazard activities must have site-specific written standard operating procedures, and be performed only when other trained employees are present.
[bookmark: _Toc161302003][bookmark: _Toc216354739][bookmark: _Hlk216941875][bookmark: _Hlk125009646][bookmark: _Toc228533089]Storage and Disposal of Hazardous Waste
For guidelines on the storage and disposal of hazardous wastes from laboratory operations at Michigan State University, refer to the Michigan State University Hazardous Waste Disposal Guidance.
[bookmark: _Toc228533090]Standard Laboratory Safe Handling / Storage Requirements
[bookmark: _Toc228533091]Hazard Identification
Identifying the specific hazard associated with a chemical greatly reduces chances of misuse by regular laboratory employees, new users, or visitors to the laboratory. At the very minimum, hazardous chemical containers must have the chemical name(s) and hazard identification(s). With respect to identifying containers, storage areas and laboratory entranceways, the following conditions entail hazard identification:
1. P.I.s/supervisors must ensure that labels on incoming containers of hazardous chemicals for laboratory use are not removed or defaced. Labels contain information on the identity of the chemical(s) in the container and the hazard identification of the chemical(s). It is recommended that incoming containers be labeled with the P.I.'s name and date of receipt.
P.I.s/supervisors must ensure that laboratory containers (those containers filled from the original shipping container) of chemicals are labeled (see section 3.4.1).
P.I.s/supervisors must ensure that hazardous chemical storage areas are labeled per the guidelines established in section 5.1.4.
P.I.s/supervisors must ensure that entranceways to laboratory facilities are labeled with the appropriate warning signs per the guidelines established in section 5.1.2.
P.I.s/supervisors must ensure that employees have access to SDSs (see section 5.1.1).
[bookmark: _Toc161302006][bookmark: _Toc216354742][bookmark: _Toc228533092]Hazards Subject to Review or Prior Approval
The Laboratory Standard requires that project directors identify those activities that the project director believes to be of a sufficiently hazardous nature to warrant prior approval before implementation by an employee. Prior approval for using Class A Carcinogens and performing perchloric acid digestions are required by EHS. The purchase, storage and/or use of: 55 gallon drums in laboratory units, DEA controlled substances, toxic gases, ATF regulated explosives and chemicals require prior approval from MSU EHS. 
[bookmark: _Toc161302007][bookmark: _Toc216354743][bookmark: _Toc228533093]Chemicals Developed in The Laboratory 
The following requirements apply to chemical substances developed in the laboratory:
1. If the composition of the chemical substance which is produced exclusively for the laboratory’s use is known, the P.I. must determine if it is a hazardous chemical. This can be done by a literature search for similar substances. If the chemical is determined to be hazardous, the P.I. must provide appropriate training to protect employees.
If the chemical produced is a product or a by-product whose composition is not known, the P.I. must assume that the substance is hazardous and must comply with the requirements of the CHP. 
If the chemical is produced for sale or use outside of the laboratory, the P.I. must prepare an appropriate SDS in accordance to the Michigan Right-to-Know Law. 
[bookmark: _Toc161302008][bookmark: _Toc216354744][bookmark: _Toc228533094]Labeling
[bookmark: _Toc228533095]Container Labels
All containers of hazardous chemicals must be labeled with the name of the chemical and the hazard(s), if not provided by the manufacturer. If a chemical has more than one hazard, it must be labeled with both hazards. For example, acetaldehyde is both a flammable and a carcinogen, and must be labeled appropriately. Additionally, the subsequent guidelines shall be followed:
Labeling Basics
For containers labeled by the manufacturer:
Inspect the labeling on incoming containers.
Replace damaged or semi-attached labels.
For transferred products or prepared solutions labeled by the user:
Label each chemical container with the unabbreviated chemical name and hazard warning.
Refer to the Safety Data Sheet (SDS) for hazard warning
Alternate Method for Labeling Multiple Small Containers
Legend Method
Label containers with abbreviated chemical name and a hazard warning.
Provide a key in a visible location in the lab with complete chemical name.
Document that employees are trained on the labeling system.
Box or Tray Method
Put containers in box or tray.
Label tray with chemical name and hazard warning
If containers are removed from the box/tray they must be properly labeled or returned to the box or tray within the work-shift.
Document that employees are trained on the labeling system
Labeling Peroxide Forming Chemicals
Peroxidizable chemicals must be labeled with:
Date Received
Date Opened
Date Tested
Test Results
Consumer Products
Anything available over the counter to the general public is exempt from labeling requirements if it has already been labeled by the manufacturer. This includes consumer products such as cans of spray paint or turpentine.
Stationary Containers
Stationary process containers such as tanks may be identified with signs, placards, process sheets, batch tickets or other written materials instead of actually affixing labels to process containers. The sign or placard must convey the same information that a label would and be visible to employees throughout the work shift.
Portable Containers
Portable containers into which hazardous chemicals are transferred from labeled containers and which are intended to be under the use and control of the person who transferred it, within the work shift in which it was transferred, are exempt from labeling. However, it is recommended that a temporary label identifying the chemical and its primary hazard be affixed to the container.
Refrigerators and Freezers
All refrigerator and freezer units used in laboratories must be marked as “SAFE FOR FLAMMABLE STORAGE” or “UNSAFE FOR FLAMMABLE STORAGE” on the exterior surface of the unit as appropriate.  All cold rooms must be marked “UNSAFE FOR FLAMMABLE STORAGE”.
[bookmark: _Toc228533096]Waste Containers
All hazardous chemical waste should be segregated and labeled according to the MSU Hazardous Waste Disposal Guide. Special attention should be given to the following areas:
1. Waste containers for non-contaminated glass must be labeled (label as "Broken Glass") and kept separate from other non-contaminated waste.
1. Upon initial waste collection, attach a dated MSU Materials Pick Up tag and label containers with the words "Hazardous Waste."
1. Once a chemical has been dated and labeled as a hazardous waste, it may not be accumulated for more than 90 days. Please request a hazardous waste pick-up from EHS once the 90-day storage limit is approached.
1. Temporary waste containers must be emptied and closed daily before leaving the lab.
For more specific information regarding hazardous wastes, reference the Michigan State University Hazardous Waste Disposal Guidelines.
[bookmark: _Toc161302009][bookmark: _Toc216354745][bookmark: _Toc228533097]Provisions For Particularly Hazardous Substances
[bookmark: _Toc228533098]Permissible Exposure Limits
The Laboratory Standard requires that employers, for laboratory uses of substances regulated by OSHA/MIOSHA occupational health standards, assure that employees' exposures do not exceed the Permissible Exposure Limits (PELs). The PELs represent Time Weighted Averages (TWAs) in parts per million (ppm) or milligrams of substance per cubic meter of air (mg/m3). The TWA represents the ratio between exposure and work shift.
The American Conference of Governmental Industrial Hygienists (ACGIH) has established Threshold Limit Values (TLVs), which are TWA values similar to PELs. TLVs are in some cases lower than the PELs. To keep employee exposures as low as reasonably achievable, employers will be expected to uphold the lowest exposure limit, be it a PEL or a TLV.
[bookmark: _Toc228533099]Employee Exposure Determination
Employers must contact EHS to perform employee exposure monitoring under the following circumstances:
1. Initial monitoring must be performed if there is reason to believe employee exposure levels routinely exceed the action level, or Permissible Exposure Limit (PEL).
Periodic monitoring must be performed when initial monitoring reveals an exposure. The employer must comply with exposure monitoring provisions of the relevant standard.
Monitoring can be terminated in accordance with the relevant standard. Employers must notify the employee of the monitoring results within 15 working days after receipt of monitoring results. The results must be either individually distributed in writing or posted in a location accessible to all affected employees.
[bookmark: _Toc228533100]Special Considerations
The MIOSHA Laboratory Standard requires that special precautions for additional employee protection be followed for the laboratory use of select carcinogens, reproductive toxicants and chemicals with a high degree of acute and chronic toxicity (defined in section 1.4).
Protection from these hazards is provided by assuring exposure to such hazards is minimized, i.e. kept under the PEL, TLV, or STEL, or eliminated. To minimize exposure, it is necessary to determine the route by which exposure may occur, whether by inhalation, absorption, injection, ingestion or a combination of exposure routes. To ensure employees do not receive exposures in excess of the PEL or TLV, hygienic standards have been established for many toxic materials. The following general hygiene standards should be observed when using select carcinogens, reproductive toxicants and chemicals with a high degree of acute and chronic toxicity.
Establish a designated area.
A. Use materials only in designated areas appropriate for the particularly hazardous substance such as a fume hood, glove box, or portion of a lab designated for use of highly toxic substances. This may also include designated equipment such as balances or centrifuges used to process these substances. Assure that all personnel with access are aware of necessary safety precautions.
B. Label all containers, storage and use areas appropriately. Follow the guidelines established in sections 3.4.1, 5.1.3, and 5.1.4 of this document.
Use proper containment devices for the protocol and chemical(s) being used.
A. Use a hood or other containment device for procedures which may result in the generation of aerosols or vapors; trap released vapors to prevent their discharge with fume hood exhaust.
B. It is recommended that breakable containers be stored in chemical-resistant trays. Work and mount apparatus above such trays or cover work and storage surfaces with removable, absorbent, plastic backed paper.
Removal of Contaminated Waste
A. Follow the guidelines established in the MSU Hazardous Waste Disposal Guide.
Follow decontamination procedures prior to leaving the designated area.
Decontamination procedures for particularly hazardous substances should be in writing and familiar to all personnel working with these substances. Decontamination procedures should be developed with consideration for the type of chemical, amount used, location of use, PPE requirements and other factors. If necessary, contact EHS for assistance in developing an appropriate decontamination procedure.
Always take extra precautions when working with particularly hazardous chemicals.
A. Consult the SDS for toxic properties and follow the specific precautions and procedures.
B. Guard against spills and splashes. Appropriate safety apparel, especially gloves, should be worn. All hoods, glove boxes, or other essential engineering controls should be operating properly before work is started.
C. Notify the P.I. of all incidents of exposure or spills.
[bookmark: _Toc161302010][bookmark: _Toc216354746][bookmark: _Toc228533101]Physical Hazards
Materials which present a physical hazard (see section 1.4) can be safely used if the specific hazard(s) are understood. Certain chemicals cannot be safely mixed or stored with other chemicals because of the danger of a violent reaction or a reaction that generates toxic gas. 
Hazardous chemicals require that employees follow special procedures for handling and storage. The P.I. or laboratory supervisor must create specific SOP's for unit safety.
[bookmark: _Toc228533102]Flammable Materials
Flammable materials can include flammable liquids, solids, gases and aerosols. When handling flammable materials, observe the following guidelines:
A. Eliminate outside ignition sources such as open flames, hot surfaces, sparks from welding or cutting, operation of electrical equipment, and static electricity.
B. Store flammable liquids in NFPA approved flammable liquid containers or storage cabinets, in an area isolated from ignition sources or in a special storage room designed for flammable materials.
C. Ensure there is proper bonding and grounding when it is required, such as when transferring or dispensing a flammable liquid from a large container or drum. Assure bonding and grounding is checked periodically.
D. Assure appropriate fire extinguishers and/or sprinkler systems are in the area.
E. Flammable gases must be kept at least 20 feet from oxidizing gases, or separated by a 2 hour fire rated wall.
F. Flammable chemicals may not be stored in household-type refrigerators, freezers and cold rooms.  Use laboratory-safe refrigerators and freezers specifically designed for such purpose to store flammable chemicals.
Flammable Liquids
Flammable liquids are liquids with a flash point of not more than 93oC (199.4oF) The flash point is the minimum temperature at which a liquid gives off vapor in sufficient concentration to form an ignitable mixture with air near the surface of the liquid. 
Flammable liquids are classified in one of four categories:
Table 1 Criteria for Flammable Liquids
	Category
	Criteria

	1
	Flash point < 23oC (73.4oF) and initial boiling point  35oC (95oF)

	2
	Flash point < 23oC (73.4oF) and initial boiling point > 35oC (95oF)

	3
	Flash point ≥ 23oC (73.4oF) and ≤ 60oC (140oF)

	4
	Flash point > 60oC (140oF) and ≤ 93oC (199.4oF)



Storage Limits

Table 2 Maximum Quantities of Flammable and Combustible Liquids in Sprinklered Laboratory Units Excluding Quantities in Storage Cabinets or Safety Cans
	Laboratory Unit Fire Hazard Class
	Flammable or Combustible Liquid Class
	Maximum Quantity per 100 ft2 of Laboratory Unit (gals)
	Maximum Quantity per Laboratory Unit (gals)
	Maximum Quantity per 100 ft2 of Laboratory Unit (gals)
	Maximum Quantity per Laboratory Unit (gals)

	A
	I
	10
	600
	20
	1200

	A
	I, II, IIIA
	20
	800
	40
	1600

	B
	I
	5
	300
	10
	600

	B
	I, II, IIIA
	10
	400
	20
	800

	C
	I
	2
	150
	4
	300

	C
	I, II, IIIA
	4
	200
	8
	400

	D
	I
	1.1
	75
	2
	150

	D
	I, II, IIIA
	1.1
	75
	2
	150



Table 3 Maximum Quantities of Flammable and Combustible Liquids in Nonsprinklered Laboratory Units Outside of Flammable Liquid Inside Liquid Storage Areas
	Laboratory Unit Fire Hazard Class
	Flammable or Combustible Liquid Class
	Maximum Quantity per 100 ft2 of Laboratory Unit (gals)
	Maximum Quantity per Laboratory Unit (gals)
	Maximum Quantity per 100 ft2 of Laboratory Unit (gals)
	Maximum Quantity per Laboratory Unit (gals)

	A
	I
	10
	300
	20
	600

	A
	I, II, IIIA
	20
	400
	40
	800

	B
	I
	5
	150
	10
	300

	B
	I, II, IIIA
	10
	200
	20
	400

	C
	I
	2
	75
	4
	150

	C
	I, II, IIIA
	4
	100
	8
	200

	D
	I
	1.1
	37
	2
	75

	D
	I, II, IIIA
	1.1
	37
	2
	75


Laboratories listed as Class A shall be considered high hazard laboratories and shall not be used as instructional laboratories.
Laboratories listed as Class B shall be considered intermediate hazard laboratories.
Laboratories listed as Class C shall be considered low hazard laboratories.
Laboratories listed as Class D shall be considered minimal fire hazard laboratories.
Flammable Liquid Container Size Limits
Only approved containers authorized by NFPA (National Fire Protection Association) 30 shall be used to store flammable liquids.
	Container
	Flammable Class IA
	Flammable Class IB
	Flammable Class IC
	Combustible Class II
	Combustible Class III

	Glass
	1 pt*
	1 qt*
	1.1 gal
	1.1 gal
	5 gal

	Metal or Approved Plastic
	1.1 gal
	5 gal
	5 gal
	5 gal
	5 gal

	Safety Cans
	2.6 gal
	5 gal
	5 gal
	5 gal
	5 gal

	Metal Drums
	not allowed
	5 gal
	5 gal
	60 gal
	60 gal

	Polyethylene
	1.1 gal
	5 gal
	5 gal
	60 gal
	60 gal



*Class IA and IB liquids may be stored up to one gallon in glass containers if liquid purity would be affected by storage in metal containers or if metal containers could undergo excessive corrosion by the contained liquid.
Flammable Solids
A solid which is readily combustible or may cause or contribute to fire through friction.
Flammable Gases
A gas that, at an ambient temperature and pressure, forms a flammable mixture with air at a concentration of 12 percent by volume or less; or, a gas that, at an ambient temperature and pressure forms a range of flammable mixtures with air wider than 12 percent by volume, regardless of the lower limit.
Table 4 Criteria for categorization of flammable gases
	Category Identification
	Category Description
	Criteria

	1A
	Flammable gas
	Gases, which at 20 °C and a standard pressure of 101.3 kPa:
(a) are ignitable when in a mixture of 13 % or less by volume in air; or
(b) have a flammable range with air of at least 12 % regardless of the lower flammability limit
unless data show they meet the criteria for Category 1B

	1A
	Pyrophoric gas
	Flammable gases that ignite spontaneously in air at a temperature of 54°C or below

	1A
	Chemically unstable gas - A
	Flammable gases which are chemically unstable at 20 °C and a standard pressure of 101.3 kPa

	1A
	Chemically unstable gas - B
	Flammable gases which are chemically unstable at a temperature greater than 20 °C and/or a pressure greater than 101.3 kPa

	1B
	Flammable gas
	Gases which meet the flammability criteria for Category 1A, but which are not pyrophoric, nor chemically unstable, and which have at least either:
(a) a lower flammability limit of more than 6 % by volume in air; or
(b) a fundamental burning velocity of less than 10 cm/s;

	2
	Flammable gas
	Gases, other than those of Category 1A or 1B, which, at 20 °C and a standard pressure of 101.3 kPa, have a flammable range while mixed in air


NOTE: Aerosols should not be classified as flammable gases. See 3.6.1.4
Flammable Aerosols
Aerosols means any non-refillable receptacle containing a gas compressed, liquefied or dissolved under pressure, and fitted with a release device allowing the contents to be ejected as particles in suspension in a gas, or as a foam, paste, powder, liquid or gas. Flammable aerosols shall be considered flammable if they contain any component which is classified as a flammable liquid, gas or solid.
[bookmark: _Toc228533103]Corrosive to Metal
A chemical which is corrosive to metals means a chemical which by chemical action will materially damage, or even destroy, metals. 
A. Containers and equipment used for storage and processing of corrosive materials should be corrosion resistant.
B. Corrosives can damage personal protective equipment such as gloves, lab coats and eye protection. Ensure personal protective equipment is rated to withstand use of corrosives. 
[bookmark: _Toc228533104]Oxidizers
Materials which react with other substances by giving off electrons and undergoing reduction. This reaction may result in fire or explosion. When working with oxidizing substances, observe the following:
A. Know the reactivity of the materials involved in the experiment or process. Ensure there are no extraneous materials in the area which could become involved in a reaction.
B. If the reaction is anticipated to be violent or explosive, use shields or other methods for isolating the materials or the process.
C. Oxidizing gases must be kept at least 20 feet away from flammable gases, or separated by a 0.5 hour fire wall per NFPA 55.
Oxidizing Gases
Oxidizing gases means any gas which may, generally by providing oxygen, cause or contribute to the combustion of other material more than air does (pure gases or mixtures with an oxidizing power greater than 23.5%).
Oxidizing liquids
Oxidizing liquid means a liquid which, while in itself not necessarily combustible, may, generally by yielding oxygen, cause, or contribute to the combustion of other material.
Oxidizing solids
Oxidizing solid means a solid which, while in itself not necessarily combustible, may, generally by yielding oxygen, cause, or contribute to, the combustion of other materials.
[bookmark: _Toc228533105]Water Reactive Chemicals
Chemicals which, in contact with water, emit flammable gases are solid or liquid chemicals which, by interaction with water, are liable to become spontaneously flammable or give off flammable gases in dangerous quantities. Examples of water reactive chemicals include alkali metals such as lithium, sodium, and potassium; acid anhydrides, and acid chlorides.
[bookmark: _Toc228533106]Pyrophoric Materials
Pyrophoric materials are those chemicals which can ignite in contact with air. Often the flame is invisible. Examples of pyrophoric materials are silane, silicon tetrachloride, and white or yellow phosphorous. Pyrophoric chemicals should be used and stored in inert environments.
Pyrophoric liquids
Pyrophoric liquid means a liquid which, even in small quantities, is liable to ignite within five minutes after coming into contact with air.
Pyrophoric Solids
Pyrophoric solid means a solid which, even in small quantities, is liable to ignite within five minutes after coming into contact with air.
[bookmark: _Toc228533107]Organic Peroxides
Organic peroxide means a liquid or a solid organic chemical which contains the bivalent –O-O- structure and is such is considered a derivative of hydrogen peroxide, where one or both of the hydrogen atoms have been replaced by oxygen radicals. Organic peroxides are thermally unstable chemicals, which may undergo exothermic self-accelerating decomposition. In addition, they may have one or more of the following properties:
Be liable to explosive decomposition;
Burn rapidly
Be sensitive to impact or friction;
React dangerously with other substances.
Some chemicals can form explosive peroxides when stored; exposure to light and heat increase the rate of peroxide formation. Other chemicals form peroxides that become hazardous when concentrated, such as by distillation. 
A. Date all peroxidizables upon receipt and upon opening. Dispose of or check for peroxide formation after the recommended time; 3-months or one year depending on the chemical. 
B. Do not open any container which has obvious solid formation around the lid.
C. Addition of an inhibitor to quench the formation of peroxides is recommended.
D. It is recommended to chemically test for peroxides periodically.
E. Follow the same basic handling procedures as for flammable materials.
[bookmark: _Toc228533108]Unstable Materials
Compounds which can spontaneously release large amounts of energy under normal conditions, or when struck, vibrated, or otherwise agitated. Some chemicals become increasingly shock-sensitive with age. Of great concern in the laboratory is the inadvertent formation of explosive or shock-sensitive materials such as peroxides, perchlorates (from perchloric acid), picric acid and azides. 
A. Contact EHS when it is suspected that the inadvertent formation of shock-sensitive materials in ductwork, piping, or chemicals being stored has occurred.
B. Date all containers of explosive or shock-sensitive materials upon receipt and when opened.
C. If there is a chance of explosion, use barriers or other methods for isolating the materials or the process.
[bookmark: _Toc228533109]Cryogens
Liquefied gases that condense oxygen from the air, create an oxygen rich atmosphere and increase potential for fire if flammable or combustible materials and a source of ignition are present. Pressure is also a hazard due to the large expansion ratio from liquid to gas, causing pressure build up in containers. Many materials become brittle at extremely low temperatures. Brief contact with materials at extremely low temperatures can cause burns similar to thermal burns. Some of the hazards associated with cryogens are asphyxiation, fire, pressure, weakening of materials, and skin or eye burns upon contact with the liquid.
A. Always wear safety glasses with side shields or goggles when handling. If there is a chance of a splash or spray, a full face protection shield, an impervious apron or coat, cuffless trousers, and high topped shoes should be worn. Watches, rings, and other jewelry should not be worn. Gloves should be impervious and sufficiently large to be readily thrown off should a cryogen spill. 
B. Containers and systems containing cryogens should have pressure relief mechanisms.
C. Containers and systems should be capable of withstanding extreme cold without becoming brittle.
D. Since materials can shatter when removed from cryogenic storage storage of radioactive, toxic or infectious agents should be placed in an appropriate cryogenic-safe storage ampoule. Reheat cold sample containers slowly.
[bookmark: _Toc228533110]Explosives
An explosive chemical is a solid or liquid chemical which is in itself capable by chemical reaction of producing gas at such a temperature and pressure and at such speed as to cause damage to the surroundings. Pyrotechnical chemicals are included even when they do not evolve gases.
Explosive chemicals classified as Division 1.1-1.6 are not approved for use on campus in any amount.
[bookmark: _Toc228533111]Gases Under Pressure
Gases under pressure are gases which are contained in a receptacle at a pressure of 200 kPa or more, or which are liquefied or liquefied and refrigerated. The compromise compressed gases, liquefied gases, dissolved gases and refrigerated liquefied gases.
When using gases under pressure, observe the following guidelines:
A. Compressed gas cylinders must be secured to an unmovable surface by means of a strap or stand
B. Use the correct regulator for the gas in use
C. Toxic and pyrophoric gases may require special ventilation and storage requirements. Consult with MSU EHS before purchasing toxic or pyrophoric gases
[bookmark: _Toc228533112]Self-heating Chemicals
A self-heating chemical is a solid or liquid chemical, other than a pyrophoric liquid or solid, which, by reaction with air and without energy supply, is liable to self-heat; this chemical differs from a pyrophoric liquid or solid in that it will ignite only when large amounts (kilograms) and after long periods of time (hours or days).
[bookmark: _Toc228533113]Combustible Dusts
A finely divided combustible particulate solid that presents a flash-fire hazard or explosion hazard when suspended in air or the process-specific oxidizing medium over a range of concentrations.  Combustible metals are any metals composed of distinct particles or pieces, regardless of size, shape or chemical composition that will burn.  Dispersion of dust particles in sufficient quantity and concentration can cause rapid combustion known as deflagration.  If the event is confined by an enclosure such as a building, room, vessel or process equipment, the resulting pressure rise may cause an explosion.  To identify factors that may contribute to an explosion, consult with EHS to perform a thorough hazard assessment of:
All materials handled
Operations conducted, including by-products
All spaces (including hidden ones); and
All potential ignition sources
[bookmark: _Toc161302011][bookmark: _Toc216354747][bookmark: _Toc228533114]Health Hazards
Materials which present a health hazard (see section 1.4) can be safely used if the specific hazard(s) are understood. If appropriate precautions are not taken, acute or long term adverse health effects can occur.
[bookmark: _Toc228533115]Acute Toxicity
Acute toxicity refers to those adverse effects occurring following oral or dermal administration of a single dose of a substance, or multiple doses given within 24 hours, or an inhalation exposure of 4 hours. Acutely toxic substances are classified into four categories:
Table 5 Acute Toxicity Hazard Categories
	Exposure Route
	Category 1
	Category 2
	Category 3
	Category 4

	Oral (mg/kg bodyweight)
	≤ 5
	>5 and ≤ 50
	>50 and ≤ 300
	>300 and ≤2000

	Dermal (mg/kg bodyweight)
	≤ 50
	>50 and ≤ 200
	>200 and ≤1000
	>1000 and ≤2000

	Inhalation – Gases (ppmV)
	≤100
	>100 and ≤500
	>500 and ≤2500
	>2500 and ≤20000


[bookmark: _Toc228533116]Skin Corrosion / Irritation
Skin corrosion is the production of irreversible damage to the skin; namely, visible necrosis through the epidermis and into the dermis, following the application of a substance for up to 4 hours. Corrosive reactions are typified by ulcers, bleeding, bloody scabs, and, by the end of observation at 14 days, by discoloration due to blanching of the skin, complete areas of alopecia, and scars. Skin irritation is the production of reversible damage to the skin following the application of a substance for up to 4 hours. When working with corrosive substances, observe the following:
A. Eye protection and rubber gloves should always be used when handling corrosive materials. A face shield, rubber apron, and rubber boots may also be appropriate, depending on the work performed.
B. Never add water to acid. When mixing concentrated acids with water, add the acid slowly to water.
C. An eyewash and safety shower must be readily accessible to areas where corrosives are used and stored. In the event of skin or eye contact with corrosives, immediately flush the area of contact with cool water for 15 minutes. Remove all affected clothing. Obtain medical help. See section 5.3 "Personal Protective and Safety Equipment" for eyewash and safety shower specifications.
[bookmark: _Toc228533117]Serious Eye Damage / Eye Irritation
Serious eye damage is the production of tissue damage in the eye, or serious physical decay of vision, following exposure of a substance to the anterior surface of the eye, which is not fully reversible within 21 days of initial exposure. Eye irritation is the production of changes in the eye following exposure to a substance to the anterior of the eye, which is fully reversible within 21 days of initial exposure.
[bookmark: _Toc228533118]Respiratory and Skin Sensitization
Respirator sensitizer means a chemical that will lead to hypersensitivity for airways following inhalation of the chemical. Skin sensitizer means a chemical that will lead to an allergic response following skin contact.
[bookmark: _Toc228533119]Germ Cell Mutagenicity
Substances known to induce heritable mutations or to be regarded as if they induce heritable mutations in the germ cells of humans. Hazard categories for substances classified as germ cell mutagens are as follows:
Table 6 Hazard Categories for Germ Cell Mutagens
	Category
	Description

	Category 1A
	Substances known to induce heritable mutations in germ cells of humans, based on evidence from human epidemiological studies

	Category 1B
	Substances which should be regarded as if they induce heritable mutations in the germ cells of humans, based on evidence from positive results from mammalian in vivo testing

	Category 2
	Substances which cause concern for humans owing to the possibility that they induce heritable mutations in the germ cells of humans, based on positive evidence obtained from experiments in mammals and/or in some cases from in-vitro experiments


[bookmark: _Toc228533120]Carcinogenicity
Substances or a mixture of substances which induce cancer or increase its incidence. Hazard categories for substances classified as carcinogens are as follows:
Table 7 Hazard Categories for Carcinogens
	Category
	Description

	Category 1A
	Known to have carcinogenic potential for humans based on human evidence

	Category 1B
	Presumed to have carcinogenic potential for humans, based largely on animal evidence.

	Category 2
	Suspected human carcinogens, based on evidence from human and/or animal studies.


[bookmark: _Toc228533121]Reproductive Toxicity
Substances that induce adverse effects on sexual function and fertility in adult males and females, as well as adverse effects on development of the offspring. This can include alterations to the male and female reproductive system, adverse effects on the onset of puberty, gamete production and transport, reproductive cycle normality, sexual behavior, fertility, parturition, pregnancy outcomes, premature reproductive senescence, interference in the normal development of offspring before or after birth and adverse effects on or via lactation. Hazard categories for substances classified as reproductive toxicants include:
Table 8 Hazard Categories for Reproductive Toxicants
	Category
	Description

	Category 1A
	Known human reproductive toxicant, via evidence from humans

	Category 1B
	Presumed human reproductive toxicant, largely based on evidence from experimental animals

	Category 2
	Suspected human reproductive toxicant, via some evidence from humans or experimental animals supplemented with other information


[bookmark: _Toc228533122]Specific Target Organ Toxicity – Single Exposure
Substances than can cause specific, non-lethal target organ toxicity arising from a single exposure to a chemical. This can include consistent and identifiable toxic effects in humans or experimental animals which have produced serious changes to the biochemistry or hematology of the organism, and that these changes would be relevant to human health.
[bookmark: _Toc228533123]Specific Target Organ – Repeated Exposure
Substances that can cause specific organ toxicity arising from repeated exposure. This can include consistent and identifiable toxic effects in humans or experimental animals which have produced serious changes to the biochemistry or hematology of the organism, and that these changes would be relevant to human health.
[bookmark: _Toc228533124]Aspiration Hazard
Liquid or solid substances that can gain entry to the body directly via the oral or nasal cavity, or indirectly from vomiting into the trachea and lower respiratory system. This can produce severe acute effects such as chemical pneumonia, pulmonary injury or death following aspiration.
[bookmark: _Toc161302012][bookmark: _Toc216354748][bookmark: _Toc228533125]Radioactive Material Hazards
Use of radioactive materials at MSU is strictly controlled. Contact EHS if you plan to use radioactive materials.
[bookmark: _Toc161302013][bookmark: _Toc216354749][bookmark: _Toc228533126]Biological Material Hazards
Use/research involving recombinant DNA, BSL-2 or higher materials, and certain toxicants are strictly controlled. Contact EHS if you plan to use biological materials at or above Biosafety Level 2.
[bookmark: _Toc228533127]Emergency / Medical Procedures
[bookmark: _Toc228533128]Basic Steps for Emergency and Spill Response 
Uncontrolled releases of hazardous substances that pose a significant threat to health and safety or that, by their very nature, require an emergency response regardless of the circumstances surrounding the release or the mitigating factors. The following definitions designate an emergency situation:
1. The situation is unclear to the person causing or discovering the spill.
The release requires evacuation of persons.
The release involves or poses a threat of
a. Fire, suspected fire, explosion or other imminent danger
b. Conditions that are Immediately Dangerous to Life and Health (IDLH)
c. High levels of exposure to toxic substances.
The person(s) in the work area is uncertain they can handle the severity of the hazard with the personal protective equipment (PPE) and response equipment that has been provided and/or the exposure limit could easily be exceeded.
Conversely, releases that do not pose significant safety or health hazards to person(s) in the immediate vicinity or to the person(s) cleaning releases, do not have the potential to become emergencies within a short time frame are not emergency situations. The following situations ARE NOT emergency situations:
1. The person causing or discovering the release understands the properties and can make an informed decision as to the exposure level.
1. The release can be appropriately cleaned up by the lab personnel using authorized (certified) spill kits.
1. The materials are limited in quantity, exposure potential, or toxicity and present minor safety or health hazards to persons in the immediate work area or those assigned to clean up the activity.
1. Incidental releases of hazardous substances that are routinely cleaned up by EHS or trained custodians from outside the immediate release area need not be considered an emergency.
[bookmark: _Toc228533129]Emergency Situation – Fire
The following steps are basic protocol for handling a fire or fire-related emergency situation in the laboratory:
1. Pull the fire alarm.
1. Call 9-1-1 from a safe location.
1. Notify the unit emergency coordinator.
1. Evacuate.
[bookmark: _Toc228533130]Emergency Situation – Spill
If the spill is of high toxicity or flammability or you are unsure of how to proceed or is more than one liter, execute the following:
1. Call 9-1-1.
1. Evacuate personnel from the spill area and alert neighbors to the spill.
1. Remove ignition sources and shut down equipment if you can do so safely.
1. Activate the emergency purge systems on fume hoods if you can do so safely.
1. Isolate the spill area by closing doors while evacuating from the area.
Evacuation of the building is mandatory if chemicals or contaminants could enter the air circulation system of a building.
Attend to victims for a body splash:
1. Call 911
1. Remove person(s) from spill area to fresh air only if attempts to rescue victim(s) do not present a danger to the rescuers.
1. Remove contaminated clothing while under an emergency shower.
1. Flood affected area with tepid water for at least 15 minutes or until medical assistance arrives.
1. Inform emergency response personnel of the chemical(s) involved. 
Attend to victims for an eye splash:
1. Call 911
1. Remove victim(s) from spill area to fresh air only if attempts to rescue victim(s) do not present a danger to the rescuers.
1. Lead the victim(s) immediately to an emergency eye wash facility.
1. Hold the victim’s eye lids open.
1. Flush eyes for at least 15 minutes or longer if pain persists.
1. Inform emergency response personnel of the chemical(s) involved.
[bookmark: _Toc228533131]Mercury Spills
For any quantity, evacuate the area without spreading the spill and call EHS.
[bookmark: _Toc228533132]Spill Kits
Ready access to a chemical spill kit is required in laboratories that work with hazardous chemicals. Minimally, such a kit should contain:
splash resistant goggles
chemical resistant gloves
plastic bags
multi-chemical sorbent (enough for 2 gallon spill)
scooper
Most spills greater than 1 liter in volume requires assistance from trained personnel from EHS.
Some sorbents are chemically specific. The best sorbents are those which can be used to clean up all types of chemical spills. Check absorbents in spill kits for their absorbency range.
Each laboratory's spill kit should be kept in a readily accessible location and each employee should be trained on how to use the spill kit.
[bookmark: _Toc228533133]Non-Emergency Situation – Spill
If the spill is less than one liter and the chemical involved is of low toxicity and a low flammable hazard, handle it in the following manner:
If there are questions about proper spill response techniques, call EHS at 355-0153.
1. Locate the spill kit.
Choose the proper protective equipment:
· Always wear gloves and protective eye wear
· Use additional protective equipment such as an apron, coveralls, or boots
Confine or contain the spill.
For non-reactive spills:
A. Cover liquid spills with spill kit absorbent and scoop into a plastic disposal bag.
B. Sweep solid materials into a dust pan and place in a sealed container.
C. Dispose of waste via EHS.
For reactive or potentially reactive spills, if you can do so safely:
A. Cover liquid spill with spill kit absorbent and scoop into an appropriate disposal container.
B. Wet mop dry substances to avoid spreading hazardous dust, provided it is non-water reactive.
C. If spilled chemical is a volatile solvent, transfer disposal bag to a hood for evaporation of solvent.
D. Follow the MSU Hazardous Waste Disposal Guide for disposal.
[bookmark: _Toc228533134]Power Outages
If emergency lighting and fire alarms ARE NOT operable, perform the following steps if you can do so safely before exiting the building:
Place lids on all open containers of volatile chemicals
Lower the sash on chemical fume hoods
Shut down all equipment (leave cooling water and purge gases on as necessary)
Turn off ignition sources
Secure or isolate reactions that are underway (boiling liquid on a hot plate, distillations)
Close fire doors
Take your books, coats, purse/wallet, keys, etc.
Lock outside door to lab
In anticipation of possible power outages, do the following:
Have a flashlight conveniently located or other emergency lighting
Make sure that all emergency contact numbers on the door are accurate and updated 
[bookmark: _Toc161302016][bookmark: _Toc216354752][bookmark: _Toc228533135]Injury and Illness
For emergency medical assistance, call 911.
For other non-emergencies, consult individual departmental procedures, and report the illness or injury to MSU Human Resources Worker’s Compensation.
[bookmark: _Toc228533136]Medical Consultations and Examinations
1. Health assessments prior to work assignment for new employees will be performed under the following conditions:
When conditions specified by the Exposure to Health Risks form (available at: https://hr.msu.edu/ua/hiring/documents/HealthRiskPhysDemands.pdf) are met, the employee must send the completed form to the MSU Occupational Health Service and schedule an appointment for a medical examination prior to work assignment. Note that there are separate forms for full-time employees and student employees.	Comment by Monroe, Marci: Broken link	Comment by Monroe, Marci: And wow the URLs in the Physical Demands form have not been updated in a few decades - does anyone know who maintains this form? https://hr.msu.edu/ua/hiring/documents/healthriskphysdemands.pdf
Michigan OSHA Hazardous Work in Laboratories Standard requires the following: Units must provide all employees who work with hazardous chemicals an opportunity to receive medical attention, including any follow-up examinations which the examining physician determines to be necessary, under the following circumstances:
When an employee develops signs or symptoms associated with a hazardous chemical to which the employee may have been exposed in the laboratory, the employee must be provided an opportunity to receive an appropriate examination.
Where exposure monitoring reveals an exposure level routinely above the action level (or in the absence of an action level, the Permissible Exposure Limit) for an OSHA regulated substance for which there are exposure monitoring and medical surveillance requirements, medical surveillance shall be established for the affected employee as prescribed by the particular standard.
Whenever an event takes place in the work area, such as a spill, leak, explosion or other occurrence resulting in the likelihood of a hazardous exposure, the affected employee shall be provided an opportunity for a medical consultation. Such consultations shall be for the purpose of determining the need for a medical examination.
All medical consultations and examinations must be performed by or under the direct supervision of a licensed physician and must be provided without cost to the employee, without loss of pay and at a reasonable time and place.
EHS will provide the following information to the physician as requested by the physician:
The identity of the hazardous chemical(s) to which the employee may have been exposed.
A description of the conditions surrounding the exposure, including available quantitative exposure data.
The employee’s unit shall obtain a written opinion from the examining physician via HR Worker’s Compensation which shall include the following to be maintained in the employee’s medical record:
Any recommendation for further medical follow-up.
The results of the medical examination and any associated tests.
Any medical condition which may be revealed in the course of the examination which may place the employee at increased risk as a result of exposure to a hazardous chemical found in the workplace.
[bookmark: _Hlk161916889]A statement that the employee 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.
The unit will be provided in writing by HR Worker’s Compensation the need for any medical restrictions. These restrictions shall not reveal specific findings or diagnoses.
[bookmark: _Toc228533137]Standard Laboratory Facility Requirements
[bookmark: _Toc228533138]Signs and Information
Labels and warning signs should alert employees to potentially hazardous materials and allow those unfamiliar with the laboratory surroundings to identify hazardous chemical use and storage areas, safety facilities, emergency equipment, exits, and aid emergency response personnel. Signs and labels are generally available from EHS.
[bookmark: _Toc228533139]Safety Data Sheets (SDSs)
A Safety Data Sheet (SDS) is a document containing chemical hazard identification and safe handling information and is prepared in accordance with the OSHA Hazard Communication Standard and the Michigan Right-to-Know law. 
Chemical manufacturers and distributors must provide the purchasers of hazardous chemicals an appropriate SDS for each hazardous chemical/product purchased.
The Michigan Right-to-Know law requires that units and/or P.I.s keep SDSs in a systematic and consistent manner. The system a unit uses to store SDSs can vary from keeping them in a notebook or file cabinet to using the EHS request system. The system adopted must provide easy access to SDSs for hazardous chemicals used in the lab. Each unit must post a Michigan Right-to-Know Law poster, which indicates the location of all SDSs for hazardous chemicals used in the lab.
[bookmark: _Toc228533140]Generic Signs
Every laboratory shall have the following signs visibly posted:
1. The Michigan Right-to-Know law poster, listing the location of SDSs for all hazardous chemicals used in the laboratory.
Emergency contact numbers (two names, preferably the P.I., head technician or a graduate student) shall be posted on the external doorway to the lab. These names and numbers shall be updated when personnel change. In case of an emergency, responders need this information to contact knowledgeable personnel about specific laboratory hazards.
If a laboratory has 10 gallons or more of a flammable or corrosive liquid or toxic gas(es), the main doorway to the lab shall have a hazard warning sticker visibly posted on it to indicate the potential hazard. This is an aid to fire response personnel.
[bookmark: _Toc228533141]Restricted Access and Designated Areas
Facilities containing certain hazards must have warning signs posted at the designated area of the laboratory where the hazard exists, and at the entranceway to the laboratory. Any areas placarded as such are restricted access, designated areas and have certain standards regarding training and use by employees. Such hazards include:
MIOSHA Class A carcinogens
HIV and HBV research laboratories and production facilities*
Biological agents that require Biosafety Level 2 or higher*
Radioisotopes*
Other chemical hazards will be dealt with on a case-by-case basis, with consultation from EHS.
*Please contact the Biological Safety Officer or the Radiation Safety Officer at EHS for requirements on these items.
[bookmark: _Toc228533142]Storage Areas
Assure that the following areas are labeled and chemicals are stored appropriately:
1. Carcinogens
2. Corrosives
3. Flammable Liquids
4. Flammable Solids
5. Oxidizers
6. Perchloric Acid
7. Biosafety Level 2 or higher
8. Compressed Gas Storage
Additionally, storage areas for biohazardous agents and radioisotopes should be appropriately labeled. Please contact the Biological Safety Officer or the Radiation Safety Officer at EHS for information.
[bookmark: _Toc161302020][bookmark: _Toc216354756][bookmark: _Toc228533143]Control Measures
1. The P.I. or lab supervisor must implement control measures to reduce employee exposure to hazardous chemicals. The five types of control measures are:
Elimination: removing the hazard from the work procedure. For example, toxic precursor reagents can be eliminated by acquiring the product from a supplier.
Substitution: replacing a hazard with something less hazardous, such as substituting flammable oil baths with non-flammable metallic bead baths.
Engineering Controls: methods of controlling employee exposures by modifying the source or reducing the quantity of contaminants released into the work environment. Examples include fume hoods and biosafety cabinets.
Administrative Controls: methods of controlling employee exposures to contaminants by job rotation, work assignment or time periods away from contaminants. Examples include Standard Operating Procedures, Chemical Hygiene Plans and Safety Manuals.
Personal Protective Equipment: personal safety equipment designed for secondary employee protection from hazardous chemicals. Examples include gloves and lab coats.
Note: MIOSHA R 325.51105 regarding air contaminants, states that engineering controls and administrative controls shall first be determined and implemented when feasible. When such controls are not feasible to achieve full compliance, protective equipment or any other protective measures shall be used to keep the exposure of employees to air contaminants within the limits prescribed in the rule.
MIOSHA requires control measures when the following circumstances are met:
Whenever employees use hazardous chemicals.
Whenever employee exposures exceed the action level (or, in the absence of an action level, the Permissible Exposure Limit, the published exposure limit or the Threshold Limit Value).
Upon addition of new chemicals or changes in procedures.
Other situations should be dealt with on a case-by-case basis. Please consult EHS for assistance in establishing control measures.
The following general control measures are recommended for use in most situations requiring the use of hazardous chemicals:
a. Use the following primary methods for detecting exposures:
i. Determine the source of exposure.
ii. Determine the path the contaminant follows to reach the employee.
iii. Determine the employee's work pattern and use of personal protective equipment.
iv. Change one or more of the above pathways to reduce or eliminate exposure.
b. Substitute less harmful chemicals for more harmful chemicals whenever possible.
c. Change or alter processes to minimize exposure.
d. Isolate or enclose a process or work operation to reduce the number of employees exposed (for example, use a fume hood).
e. Use wet methods to reduce the generation of dust.
f. Use local exhaust ventilation (hoods) at point of generation or dispersion of contaminants and use dilution (general) ventilation to reduce air contaminants.
g. Practice good housekeeping procedures to reduce unnecessary exposures.
h. Use training and education as primary administrative controls for reducing exposures.
i. Use special control methods such as shielding and continuous monitoring devices to control exposures in special situations.
[bookmark: _Toc161302021][bookmark: _Toc216354757][bookmark: _Toc228533144]Personal Protective and Safety Equipment
Maintaining a safe laboratory environment is the responsibility of the P.I., but all employees play a role in observing safety guidelines. Personal protective devices and safety equipment must be provided to all employees under the appropriate circumstances and employees have the responsibility of properly using such equipment.
The SDS will provide some information on the personal protective equipment and safety procedures recommended for a given chemical, though the SDS may not provide sufficient information concerning the specific type of safety equipment required (for example, it may say "use gloves" but not list the best glove to use).
MIOSHA has adopted the American National Standards Institute (ANSI) consensus standards for eye protection and emergency shower and eyewash facilities.
[bookmark: _Toc228533145]Personal Protective Equipment
Eye and Face Protection. Eye protection must be made available to all employees or visitors to laboratories where chemicals are used and stored. Protective eye and face equipment must be used where there is a reasonable probability of injury from hazardous chemicals that can be prevented from such equipment. The minimum acceptable requirements are for hardened glass or plastic safety spectacles. The P.I. or laboratory supervisor should establish the level of eye protection needed per laboratory activity based on the guidelines below.
Eye and Face Protection: General Description 
All eye protective devices must be stamped with "Z87" by the manufacturer if they meet ANSI standards. If the eye protection is not marked, it may not be the most effective protection available.
1. Safety glasses with side shields offer minimal protection against flying fragments, chips, particles, sand and dirt. When a splash hazard exists, other protective eye equipment should be worn.
Safety goggles (impact goggles) offer adequate protection against flying particles. These should be worn when working with glassware under reduced or elevated pressure or with drill presses or other similar conditions.
Chemical splash goggles (acid goggles) have indirect venting for splash proof sides, which provide adequate protection against splashes. Chemical splash goggles offer the best eye protection from chemical splashes. Impact goggles should not be worn when danger of a splash exists.
Face shields protect the face and neck from flying particles and splashes. Always wear additional eye protection under face shields. Ultra-violet light face shields should be worn when working over UV light sources.
[bookmark: _Toc228533146]Selecting Appropriate Eye and Face Protection in Laboratories
Safety Glasses
Required when: An impact hazard exists or when working with low hazard chemicals, or when a low probability of splash exists.
Examples:
Pipetting
Handling closed bottle of injurious chemical
Mixing solutions
Opening centrifuge tubes
Chemical Splash Goggles
Required when: Working with smaller amounts of corrosive or injurious chemicals and a reasonable probability of splash exists
Examples:
Pouring acid out of a 1 pint bottle
Pouring methylene chloride from a 1 liter bottle
Working with liquids under pressure
Face Shield and Chemical Splash Goggles	
Required when: Working with larger quantities of corrosive chemicals and / or a high probability of eye and face injury exists.
Examples:
Working with an acid bath
Pouring 4 liters of acid into a container
Handling highly reactive chemicals that may spatter
Note: Ordinary prescription glasses do not provide adequate protection against eye injury. Eye protection equipment must be ANSI Z87 approved.
Protection of Skin and Body
Skin and body protection involves the use of protective clothing to protect individuals from chemical exposure. Determine clothing needed for the chemical being used, as protective garments are not equally effective for every hazardous chemical. Some chemicals will permeate a garment in a very short time, whereas others will not.
The basic and most effective forms of protection are gloves and lab coats.
Employees working with hazardous chemicals in laboratories must wear closed-toe shoes, long pants or skirt which fully covers the legs, and a lab coat.
Even when there is minimal danger of skin contact with an extremely hazardous substance, lab coats, coveralls, aprons, or protective suits should be utilized. These garments should not leave the work site.
Exposures to strong acids and acid gases, organic chemicals and strong oxidizing agents, carcinogens, and mutagens require the use of specialized protective equipment that prevents skin contamination. Impervious protective equipment must be utilized. Examples include: rubber gloves, aprons, boots and protective suits.
Respirators
Michigan State University currently follows a respiratory protection program developed by EHS in accordance with MIOSHA R3501 and 3502. Use of respirators in laboratories is strongly discouraged. Respiratory use is only allowed where engineering controls are not feasible or where they are being installed.
Prior to using a respirator for the first time or for a new activity, employees must receive a medical exam from Olin Health Center, attend an EHS respiratory training session, undergo a fit test and complete an EHS respirator wearer questionnaire. Information can be found at the Respirator Resources for Employees web page.
[bookmark: _Toc228533147]Safety Equipment
Safety Showers
Safety showers provide an immediate water drench of an affected person. MIOSHA has adopted the following ANSI standards for location, design and maintenance of safety showers:
1. Showers shall be located within 25 feet of areas where chemicals with a pH of ≤ 2.0 or ≥ 12.5 are used.
Showers shall be located within 100 feet of areas where chemicals with a pH of > 2 and < 4 or ≥ 9 and < 12.5 are used.
The location of the shower should be clearly marked, well lighted and free from obstacles, closed doorways or turns.
Safety showers should be checked and flushed periodically.
Eye Wash Facilities
Eye wash facilities are required in all laboratories where injurious or corrosive chemicals are used or stored, and are subject to the same proximity requirements as safety showers. MIOSHA has adopted the following ANSI standards for location, design and maintenance of emergency eyewash facilities:
1. Optimally, those affected must have both hands free to hold open the eye to ensure an effective wash behind the lids. This means providing eye wash facilities that are operated by a quick release system and simultaneously drench both eyes.
1. Eye wash facilities must provide the minimum of a 15 minute water supply at no less than 0.4 gallons per minute.
1. Eye wash facilities should be flushed out for five minutes at a time, once per week. A log documenting flushes is recommended.
Please call EHS regarding specific designs for eye wash facilities.
[bookmark: _Toc161302022][bookmark: _Toc216354758][bookmark: _Toc228533148]Ventilation Controls
Ventilation controls are those controls intended to minimize employee exposure to hazardous chemicals by removing air contaminants from the work site. There are two main types of ventilation controls:
General (Dilution) Exhaust: a room or building-wide system which brings in air from outside and ventilates within. Laboratory air must be continually replaced, preventing the increase of air concentration of toxic substances during the work day. General exhaust systems are not recommended for the use of most hazardous chemicals.
1. Local Exhaust: a ventilated, enclosed work space intended to capture, contain and exhaust harmful or dangerous fumes, vapors and particulate matter generated by procedures conducted with hazardous chemicals.
To determine ventilation requirements, assess the SDS. Some SDS terminology, as listed below, may indicate a need for special ventilation considerations beyond general exhaust ventilation:
use with adequate ventilation
avoid vapor inhalation
use in a fume hood
provide local exhaust ventilation
[bookmark: _Toc228533149]Proper Use of Local Ventilation Systems
Once a local ventilation system is installed in a work area, it must be used properly to be effective. For use of hazardous chemicals warranting local ventilation controls, the following guidelines should be observed:
1. Conduct all operations which may generate air contaminants at or above the appropriate PEL or TLV inside a fume hood.
Keep all apparatus at least 6 inches back from the face of the hood and keep the slots in the hood baffle free of obstruction by apparatus or containers. Large equipment should be elevated at least two inches off the base of the fume hood, to allow for the passage of air underneath the apparatus.
Do not use the hood as a waste disposal mechanism except for very small quantities of volatile materials.
Minimize storage of chemicals or apparatus in the hood.
Keep the hood sash closed at all times except when the hood is in use.
Minimize foot traffic and other forms of potential air disturbances past the face of the hood.
Do not have sources of ignition inside the hood when flammable liquids or gases are present.
Use sash as a safety shield when boiling liquids or conducting experiments with reactive chemicals.
Contact EHS for an inspection or Infrastructure, Planning and Facilities for repair if the hood monitor indicates improper flow, or if the hood is otherwise performing abnormally
The system must be checked prior to each use to assure it is operating. Never work with hazardous chemicals if the required ventilation system is not working.
EHS performs hood inspections annually. After an inspection, hoods are passed or failed for use based on the following criteria:
1. The face velocity of air being drawn into the hood at maximum sash height is measured quantitatively in feet per minute (fpm). One measurement is taken per square foot of face space. Hoods must have an average face velocity of 80-120 fpm, depending on their design, with 100 fpm being the ideal average face velocity.
The turbulence of the air is measured qualitatively by releasing smoke from a smoke tube. The smoke must be captured by the hood, with minimal turbulence.
If the exhaust system does not pass the face velocity test and/or has excessive turbulence, it will be posted as "failed" by the inspector. The P.I. must submit a work order to Infrastructure, Planning and Facilities (IPF) to have the system repaired before hazardous chemicals can be used in the hood.
If the exhaust system does pass, the inspector will post the date of inspection and will mark the hood to indicate proper sash position for optimum hood performance. The hood sash should be set at this point for procedures which could generate toxic aerosols, gases or vapors. In general, the sash height should be set at a level where the operator is shielded to some degree from any explosions or violent reactions which could occur and where optimum air flow dynamics are achieved. If a fume hood has no markings regarding sash height or inspection dates, please contact EHS to arrange for an inspection.
Certain types of local exhaust systems are not designed for the use of hazardous chemicals such as biosafety cabinets and laminar flow hoods. If a local exhaust system's capabilities are not fully understood, check the manufacturer’s specifications and call EHS before using hazardous chemicals in the system. 
[bookmark: _Toc228533150]Proper use of Ductless Ventilation Systems
Ductless, or portable fume hoods, which employ filtration media, may be an option to conventional local exhaust hoods. Contact EHS for consultation before acquiring any ductless fume hood.
[bookmark: _Toc228533151]Standard Repair / Close-Out / Decommissioning Procedures
[bookmark: _Toc228533152]Decontamination of Equipment
When a request for equipment repair or transfer to another location is initiated, the following steps must be undertaken to ensure the safety of the employees responsible for repair or transfer if the equipment has been contaminated by hazardous chemicals:
A. Remove chemical contaminants with an appropriate solvent or cleaning solution.
Once contaminants have been eliminated, fill out an "Equipment Release Form" and place in a prominent position on the equipment to be repaired or transferred. The equipment must have the Equipment Release Form affixed for initiation of repair or transfer. 
For more information about what can and cannot be sent to MSU Recycling/Surplus see MSU’s material acceptance guidelines.
[bookmark: _Toc228533153]Standard Operating Procedures
[bookmark: _Toc228533154]Special Safety Controls
Standard Operating Procedures (SOPs) are written hazard analysis documents detailing how to safely work with hazardous chemicals that have unique hazards not adequately covered by the general chemical information in this Chemical Hygiene Plan.
As an administrative control, SOPs allow Principal Investigators to ensure they are apprised of their employees' activities and provide an opportunity to discuss safety in a structured format. SOPs should be included as part of a lab group's Site-Specific Training. EHS may ask to see SOPs during routine inspections.
[bookmark: _Toc161302027][bookmark: _Toc216354763][bookmark: _Toc228533155]SOP Writing & Approval Process
SOP templates are provided on the MSU EHS website. EHS review and approval is required for the following chemicals, reagents, products, and processes:

	Chemical or Process
	Additional Information

	Acetylene
	Used in organic synthesis or gas chromatography. Excludes oxy/acetylene welding setups.

	Air or Water Reactive Compounds
	Alkali metals, hydrides, permanganates, etc.

	Aqua regia
	Nitric acid + hydrochloric acid

	Chemicals with specific MIOSHA regulations
	MIOSHA Air Contaminants Standard (PDF) 

	Elemental Mercury
	Not permitted; needs special approval

	Fine metal powders
	For pyrophoric powders

	Flammable gases
	Methane, ethylene oxide, etc. Excludes welding or other flammable gas use
unrelated to research.

	Formaldehyde
	Anatomy spaces, large volume of tissue preservation, 30% or greater concentration
Also see Formaldehyde Safety Program

	Hydrofluoric acid
	Glass cleaning, glass etching, etc.
Also see Hydrofluoric acid Safety Program

	Hydrogen Fluoride Releasers
	Ammonium bifluoride, PMSF, etc. Excludes trifluoroacetic acid (TFA)

	Hydrogen gas
	For 100% hydrogen or flammable mixtures. Excludes toxic mixtures

	Lead
	For both elemental lead and lead compounds

	MIOSHA Class 'A' Toxic Chemicals
	MIOSHA Carcinogen Standard (PDF)

	Nanomaterials
	For materials containing nanoparticles (1-100 nm in size) such as carbon nanotubes
Also see Nanomaterial Safety Program

	Organic Mercury
	Ethylmercury, methylmercury, etc.

	Osmium tetroxide
	Typically used in electron microscopy

	Parr reactors
	For heated, pressurized reaction vessels
Parr reactor safety (PDF)
ASME steam tables (PDF)


	Perchloric acid
	Strong oxidizer, often used in tissue digestion
Hot perchloric use is not permitted.

	PFAS
	Per- and polyfluoroalkyl substances
Also see PFAS

	Piranha solution
	Sulfuric acid + hydrogen peroxide

	Sodium Azide
	See Sodium Azide safety for instructions on low-concentration biological stabilizing solutions.

	Toxic gases
	Cyanide, CO, silane, ammonia, chlorine, hydrogen sulfide, ozone, etc. either in cylinders or generated during the experiment.




SOPs are required for the following, but the EHS review and signature is optional. 
	Chemical or Process
	Additional Information

	Hydrochloric acid glassware bath
	HCl only

	Flammable solvent + corrosive bath for glassware
	Excludes certain high-hazard acids

	Hydrogen cylinder- single
	When used in a GC apparatus




[bookmark: _Toc228533156]Laboratory Inspections
[bookmark: _Toc228533157]Administration
1. Closed doors when wet procedures are in progress, or closed and locked when no one is present
2. Pest control program is in place
3. Warning signs and emergency contact information up to date and posted on doors
4. Personnel can demonstrate how to access SDS
5. Personnel can demonstrate how to access EHS manuals (i.e.: Chem, Bio, Waste)
6. Laboratory SOPs are available (Huron Click Registration)
7. Exposure incident response is posted
[bookmark: _Toc228533158]Facility
1. Benchtops and furniture are impervious
2. Disinfection of benchtops and equipment done daily or after equipment is used
3. Inventory logs are used (biological and chemical)
4. Eyewash is present, flushed weekly (documented), unobstructed, operational
5. Emergency shower is present
[bookmark: _Toc228533159]Personal Protective Equipment
1.	Disposable gloves available, used, disposed of properly
2.	Specialized protective gloves are available and in good condition
3.	Lab coats are available and worn
4.	Safety glasses/goggles and face protection available and worn as appropriate
5.	Dress code for working in laboratories is followed
[bookmark: _Toc228533160]Laboratory Housekeeping
1. No food, drink, cosmetics, lotions, non-work-related plants or animals
2. Broken glass procedures in place (including blood tubes)
3. Soap and paper towel readily available and used for handwashing
4. Good housekeeping practices are being conducted
[bookmark: _Toc228533161]Chemical Storage and Handling
1. All chemicals are labeled properly
2. Chemicals are stored according to compatibility
3. Containers show integrity
4. Storage areas are labeled
[bookmark: _Toc228533162]Compressed Gases
1. Cylinders are secured properly
2. Flammable and Oxidizing gases are separated
3. There are SOPs for toxic, pyrophoric and corrosive gases
[bookmark: _Toc228533163]Peroxide Forming Chemicals
1. Peroxide formers dated
2. Peroxides are tested regularly and documented
3. SOPs are present for high hazardous chemicals
[bookmark: _Toc228533164]Flammables
1. Flammables are kept away from heat, ignition, flames and stored in appropriate fridges/freezers or cabinets
[bookmark: _Toc228533165]Biological Storage and Handling
1. Biohazard signage on equipment and materials as appropriate
2. Export controlled agents and toxins are locked
3. Biological materials are labeled properly
[bookmark: _Toc228533166]Waste Management
1. Chemical waste containers are labeled and have closed lids. Hazardous waste tags are completed
2. Biological waste containers are labeled and have closed lids
3. Regulated wastes are not stored beyond 90 days
4. Hazardous waste tags are complete with no abbreviations
5. Sharps containers labeled, no non-sharp waste, not overfilled, not overdue
6. Biohazardous waste policies are followed, chemical treatment or autoclaving
[bookmark: _Toc228533167]Safety Equipment and Containment
1. Biosafety cabinet properly used, disinfected and located
2. Biosafety cabinet certified annually (BSL-2)
3. Mechanical devices are used, no mouth pipetting
4. Vacuum system with inline filter, dual flasks, stable and disinfected immediately
5. Spill kits (biological and chemical) are available
6. Safer sharps or needle locking syringe device are used for rDNA
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