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FOrward: INSTRUCTIONS FOR CUSTOMIZING GENERIC laboratory waste management plan

Rationale Behind the Development of a Comprehensive Laboratory Waste Management Plan.

Colleges are subject to the same environmental regulations, and correspondingly, the same regulatory enforcements and penalties, that are applied to industry.  As such, the College must ensure that they are in compliance with all applicable federal, state and local regulations.   In recent years, however, universities have been identified as facilities where chemical and waste management has not been given the required consideration and where, primarily due to lack of knowledge and training, numerous violations have been known to occur.  In many cases, laboratories, and their associated operations, have been the primary source of these violations. 

To ensure the safe and proper use of chemical and biological materials in laboratories and to comply with all applicable governmental regulations addressing the use and disposal of these materials, it is in the College’s best interest to develop and implement a comprehensive Laboratory Waste Management Plan.  The plan should identify:

· the areas (i.e. departments, laboratories, operational area, etc.) where wastes are generated;

· the roles and responsibilities of the people who come in contact with chemicals and wastes, and those that are ultimately responsible for their proper management and disposal; 

· the applicable regulations; and

· the detailed procedures to be followed in handling and disposing of the chemicals and waste.

This document is designed as a template for use by colleges in developing their own comprehensive laboratory waste management plan.  The plan was originally developed for the University of Rhode Island so many of the procedures were developed with their operations and systems in mind.  These procedures are provided in this template as examples.  Throughout the document University of Rhode Island specific terms, requirements and procedures are highlighted in blue italics.  If a particular University of Rhode Island specific term, requirement or procedure does not match your college’s terms, requirements or procedures, the appropriate changes should be made to bring the document in line with your college’s terminology or procedures.  However, the regulatory requirements must be maintained at all times.

The Plan incorporates federal regulations as they pertain to management of laboratory chemicals and waste.  If your state or local government’s hazardous, biological, or pharmaceutical waste regulations are more stringent than the federal regulations, the additional state and local requirements must be added to these procedures.  

Instructions for customizing the document for use in your college are provided throughout the text in red and underlined. 

1.0 Introduction

This document constitutes the Laboratory Waste Management Plan (or insert other name as appropriate) (the Plan) for laboratories at (insert College name) (the College).

1.1 Purpose and Scope

The purpose of this Plan is to ensure the safe and proper use of chemical and biological materials in laboratories at the College and to comply with all applicable governmental regulations addressing the use and disposal of these materials.  The Plan was designed as a comprehensive reference guide for the (insert name of the College’s Department responsible for the overall coordination of the Laboratory Waste Management Program or other relevant department for whom the Plan was developed) (the Coordinating Department).   Elements of the Plan include: 

a. procedures for identifying all potential or actual hazardous wastes;

b. procedures for evaluating hazardous chemicals or wastes to determine if they can be recycled or reused by another laboratory or department;

c. procedures for identifying, marking and tracking hazardous wastes;

d. procedures for identification and training of those parties directly responsible for ensuring that (a.), (b.) and (c.) are implemented;

e. procedures for monitoring, recording and reporting compliance with the Plan.

Each element is addressed as part of the complete Plan in the following Sections.

2.0 Environmental Policy And principles

In accordance with the intent of the College Safety Policy (or insert other name as appropriate), the (insert name of department that established the policy and/or principles) has established these Environmental Policies and Principles.  All members of the College community are responsible for complying with this policy.

2.1 environmental Policy

Insert College’s Environmental Policy 

Example: The University of Rhode Island is committed to comply with all applicable federal, state and local regulations, to pollution prevention objectives, and to continual improvement of environmental systems.

2.2 Environmental Principles

Insert College’s Environmental Principles 

Example: To achieve the policy the College will adhere to the following Environmental Principles:

· Comply with all applicable environmental laws and regulations.

· Minimize College impact on the environment and surrounding community.

· Continually reduce College impact to the environment by implementation of pollution prevention and waste minimization programs. 

· Educate and train faculty, staff and students to properly implement College programs and procedures.

· Monitor adherence with College programs by measurement of performance against established goals and matrices. 

Signature of the President of the College

3.0 Roles and Responsibilities

This section establishes definitions for categories of personnel within the College.  The categories defined in this section include:

Insert a list of titles of the categories of personnel who will have roles and responsibilities in regard to this Plan.  In the following sections describe the specific roles and responsibilities of each category and how they relate to each other and to the Plan.

Some examples of categories are:

· Laboratory Waste Management Committee;

· Coordinating Department;

· Laboratory Department Chairpersons;

· Scientist-in-Charge;

· Laboratory Workers;

· Students; and

· Facility Personnel.

Where these category titles are mentioned elsewhere in document, replace with the category titles that have been chosen by your College to best represent the College’s responsibility structure.  These category titles have been highlighted throughout the document to draw attention to the fact that these terms are roles identified in this section.  If different titles are used to identify categories of personnel when defining their roles and responsibilities, the same titles should be used throughout the document.

In addition to defining these categories, this section presents the roles and responsibilities of the personnel within each category with regard to implementation of this Plan.  All questions regarding roles and responsibilities associated with this Plan should be directed to the Director of the Coordinating Department.  Section 3.8 provides the enforcement actions that will be taken in the event that a deficiency is identified.

3.1 Laboratory waste management committee 

The College administration is responsible for establishing the environmental policies that the College population must follow.  The policies the administration establishes must acknowledge the requirements of the local, state, and federal regulations and the College’s commitment to complying with them.  The administration is also responsible for establishing consequences for not following the College policies.

The College has established a Laboratory Waste Management Committee (the Committee) composed of research, academic, and administrative personnel selected by a senior member of the College Administration (e.g., the President or the Provost) and the Vice President of Business and Finance.  The President appoints the chair of the Committee.  The Committee has been given enforcement authority per the President via the College Manual.   

 An example of some of the Committee objectives could include:

1. Establish College policies for the safe and proper handling and disposal of laboratory generated chemical and biological wastes;

2. Make recommendations to the President regarding proposed policies;

3. Serve as an instrument for the exchange and dissemination of information concerning laboratory chemical and biological waste management;

4. Review laboratory waste management audit reports and make recommendations to the President’s office on corrective action necessary to maintain compliance with the Plan; and

5. Provide oversight and peer review of laboratory chemical and biological waste management procedures.

Actions taken internally as a result of failure to comply with the Plan protocols, are the prerogative of the Committee with the approval of the President.  Actions that will be taken by the Committee in the event of failure of faculty or staff to comply with the specific elements of this Plan are described throughout.

The Committee will propose future modifications or improvements to the Plan for review and approval by the President.

The frequency of meetings and how the Laboratory Waste Management Committee conducts its meetings will be determined by the Committee.

3.2 Coordinating Department

The (insert name of the College’s Department responsible for the overall coordination of the Laboratory Waste Management Program is responsible for implementing the College policies established by the administration and the applicable federal, state, and local regulations.  The Coordinating Department is responsible for the creation of standard operating procedures for faculty, staff and students to follow, for communicating training requirements to College personnel as set forth in Section 7.0, for conducting certain training courses and for tracking the implementation of the training program.

Identify and insert important members of the College’s EH&S Team.  Examples can include the following:

Director of the Coordinating Department

The Director of the Coordinating Department acts as an advisor to the Committee and also serves as the auditor of Plan compliance.  The Director will prepare periodic reports for the Committee for their review and evaluation of the program.  Audit and inspection findings are subject to Committee review.

The Director must identify facility personnel for the purposes of this Plan as described in Section 3.7 below.  Facility personnel must be identified by the start of each semester.

Coordinator of Hazardous Waste and Chemicals

The Coordinator of Hazardous Waste and Chemicals is responsible for the implementation of the standard operating procedures set by the Coordinating Department, including those presented in this Plan.  The Coordinator is also responsible for the following:

· Implementation of the training program detailed in Section 7.0;

· Coordination of laboratory waste pick-ups;

· Annual inspection of laboratory waste accumulation areas; 

· Weekly inspection of the less than 90-day hazardous waste storage area;

· Signing manifests on behalf of the College; and

· Annual revisions and updating of the Plan for Committee review and approval.

3.3 DEPARTMENT CHAIRPERSONS

A Department Chairperson is responsible for identifying the Scientist-in-Charge for each individual research and teaching laboratory within his or her department.  Department Chairpersons will provide a list of the Scientists-in-Charge for each laboratory to the Coordinating Department by the first day of class for each semester or more frequently if an interim change is made.  Lists can be provided to the Coordinating Department in person, via inter-department mail, or by fax.

3.4 Scientist-in-Charge

For the purpose of this plan, the term Scientist-in-Charge is defined as a professor or individual who has ultimate responsibility for a laboratory at the College.  Scientists-in-Charge are responsible for the students they teach and the Laboratory Workers (graduate researchers, teaching assistants, etc.) that work in their laboratory.  The Department Chairperson at the start of each semester will identify the Scientist-in-Charge for each laboratory.  The Scientist-in-Charge may delegate compliance with College procedures to those working in the laboratory; however, the Scientist-in-Charge retains responsibility for compliance and must take appropriate actions to monitor laboratory operations.

The Scientist-in-Charge must designate a Laboratory Waste Supervisor (this could also be the Scientist-in-Charge).  The Laboratory Waste Supervisor will assure that wastes are containerized, labeled, and stored in accordance with this Plan.

Scientists-in-Charge are responsible for ensuring that all Laboratory Workers receive training in accordance with the requirements set forth in Section 7.0 of this Plan.  Scientist-in-Charge must submit a list of Laboratory Workers to the Coordinating Department at the beginning of each semester or as a new worker enters the laboratory.  Lists can be provided to the Coordinating Department in person, via inter-department mail, or by fax.  The Coordinating Department will use this list to track training.  

3.5 Laboratory Workers

Laboratory Workers include, but are not limited to, undergraduate and graduate students, research assistants, teaching assistants and others who are paid to perform laboratory duties.  All Laboratory Workers share responsibility for proper chemical and biological waste management in the laboratories in which they work, including the proper handling, storage and pick-up of regulated wastes generated in their laboratory.  All Laboratory Workers will receive chemical and biological waste awareness training as identified in Section 7.0 of this Plan.  This training is identical for all Laboratory Workers defined in this category.

Laboratory Waste Supervisor

The Scientist-in-Charge for each laboratory must designate a Laboratory Worker as the Laboratory Waste Supervisor.  The Laboratory Waste Supervisor will assure that wastes are containerized, labeled, and stored in accordance with this Plan.  The specific duties of the Laboratory Waste Supervisor are detailed in Section 5.0 of this Plan and include:

· weekly inspection of the Laboratory Hazardous Waste Accumulation Areas;

· arranging for pick-up of full hazardous waste containers; and

· maintenance of laboratory worker training records and inspection records.

Teaching Assistants

Teaching Assistants are responsible for academic and laboratory procedure (including safety and proper waste handling) instruction of students taking the laboratory session.  They are also responsible for enforcing student compliance with laboratory procedures.  Teaching Assistants must keep waste logs for each laboratory class as described in Section 6.0 of this Plan.

3.6 Students

Students are responsible for following all instructions to ensure the experiment is performed in a safe manner and all residuals are properly handled.  Students must be trained in chemical and biological waste handling in accordance with Section 7.0

3.7 Facility Personnel

In addition to the roles described above, there is an additional category of personnel who may come in contact with laboratory waste.  This category is referred to as Facility Personnel and includes: technical support staff, custodial staff, maintenance staff, stockroom managers, and shipping and receiving staff.  This category may also include one-time or repeat contractors or technicians.  Additional personnel may also be identified in this category.

The Director of the Coordinating Department will identify Facility Personnel who may come into contact with laboratory waste by the first day of classes each semester.  Facility Personnel must be trained in chemical and biological waste handling in accordance with Section 7.0 of this Plan.

3.8 Enforcement Actions

The Laboratory Waste Management Committee is ultimately responsible for the enforcement of the procedures outlined in this Plan.  This section presents the corrective and enforcement actions that will be taken in the event that a laboratory is found to have a deficiency with respect to this plan. 

Laboratories with deficiencies will be allowed (insert number of days) days from the date of notification to come into compliance.  Laboratories with deficiencies will be subject to re-inspection within (insert number of days) days of the initial audit.  At the discretion of the Director of the Coordinating Department, if there is a potential threat to health or environment, immediate action will be taken.  If it is not possible to achieve compliance within the specified time period, the department must notify the Committee and request assistance. 

If the deficiency is not corrected within (insert number of days) days of the initial inspection, reports of the audit findings will be forwarded to the Department Chairperson , the Dean, the Director of the Coordinating Department, the Laboratory Waste Management Committee, and the President’s office.   The reports will include deficiencies noted and corrective action recommended.  If the deficiency is still not corrected within (insert number of days) days of the initial notification the Committee will issue a warning letter to the distribution above that enforcement action will be taken.   At the discretion of the Committee and with approval of the President, enforcement actions can include: correction or cleanup of the deficiency by the Coordinating Department personnel with the costs assessed to the department; closure of the laboratory, and /or loss of laboratory privileges; or other appropriate measures specific to the deficiency. 

4.0 Applicable Regulations

This section presents the regulations that apply to chemical and biological wastes generated in College laboratories.  Regulations are implemented at the federal, state, and local levels.  The regulations are separated into the following categories: hazardous waste, biological waste and pharmaceutical waste.

4.1 Hazardous Waste

4.1.1 Federal Regulations

The Resource Conservation and Recovery Act (RCRA) and the Hazardous and Solid Waste Amendments of 1984 (HSWA) are the enabling legislation that authorize federal hazardous waste regulations.  These federal laws have been codified in 49 USC 6901 - 6965.  The federal regulations that implement these laws are organized into the following major sections:

· 40 CFR 260
Hazardous Waste Management System:  General;

· 40 CFR 261
Identification and Listing of Hazardous Waste;

· 40 CFR 262
Standards Applicable to Generators of Hazardous       Waste;             

· 40 CFR 266
Standards for the Management of Specific Hazardous        Wastes and Facilities;

· 40 CFR 268
Land Disposal Restrictions;

·  40 CFR 273
Standards for Universal Waste Management Department of Transportation

All hazardous waste generators and facilities must comply with these regulations unless a state has an authorized hazardous waste management program and associated regulations.  Many states have met EPA requirements in 40 CFR 271 and have been authorized to manage their own state programs.  RCRA encourages states to develop their own hazardous waste statutes and to operate regulatory programs in lieu of the federal EPA-managed program.  Many of the states have adopted the EPA regulations by reference or have promulgated regulations that are identical to EPA regulations.  Several other states have developed hazardous waste regulatory programs that are substantially equivalent to the federal program, and a few states have implemented programs that are significantly more stringent than the EPA program.  In addition, EPA may directly enforce new regulations authorized by HSWA that do not have equivalent state requirements.

Any facility that generates at least 100 kg (equivalent to 220 lb or half of a 45-gallon drum) of hazardous waste a month or 1 kg/month of acutely hazardous waste (AHW) is required to analyze the waste, properly store or otherwise manage it on-site, prepare transportation manifests, and properly dispose of it off-site.  Other requirements include preparedness and prevention, the preparation of a contingency plan, and the provision of worker training.

A generator of hazardous waste must have an EPA identification (ID) number but does not need a permit if waste is stored for less than 90 days.  Small quantity generators (SQGs) and conditionally exempt small quantity generators (CESQGs) may qualify for exceptions to the full scope of the regulations.

4.1.2 State Regulations

Insert any additional state regulations which are above and beyond the federal regulations.

4.1.3 Local Regulations

Insert any additional local regulations which are above and beyond the federal and state regulations.

4.2 Biological Waste

Note: Biological wastes, as defined in Section 5.2, not comprehensively regulated at federal level.  Infectious wastes, pathogens, and regulated medical wastes do have specific federal regulations, and the National Institutes of Health have guidelines for many biological materials (see www.nih.gov).  However, in many cases, biological wastes are regulated at state and local level on a case-by-case basis.  Some biological wastes can be heavily regulated by state and local governments, local boards of health, and city ordinances.  Therefore, it is important to investigate all state and local regulations that may be applicable to the types of biological waste generated at your College and to add all appropriate requirements to this plan.    
4.2.1 Federal Regulations

Requirements for the transportation, packaging and labeling of infectious substances, biological products and regulated medical waste are covered in 49 CFR 172-173. 

4.2.2 State Regulations

Insert any additional state regulations which are above and beyond the federal regulations.

4.2.3 Local Regulations

Insert any additional local regulations which are above and beyond the federal and state regulations.

4.3 Pharmaceutical WAste

4.3.1 Federal Regulations

The Controlled Substances Act, as amended (84 Stat. 1242; 21 U.S.C. 801) and the Controlled Substances Import and Export Act, as amended (84 Stat. 1285; 21 U.S.C. 951) are the enabling legislation that authorize federal regulations regarding controlled substances.  The federal regulations that implement these laws are listed in 21 CFR Parts 1300 – 1308.  The following are the major sections of these regulations as they relate to this plan:

21 CFR 1301
Registration of Manufacturers, Distributors, and Dispensers of Controlled Substances 

 21 CFR 1302
Labeling and Packaging Requirements for Controlled Substances

21 CFR 1307.21
Procedure for Disposing of Controlled Substances

21 CFR 1308
Schedules of Controlled Substances

Any substance that is listed on the schedules of controlled substances in 21 CRF 1308 is regulated by these laws.

4.3.2 State Regulations

Insert any additional state regulations which are above and beyond the federal regulations.

4.3.3 Local Regulations

Insert any additional local regulations above and beyond the federal and state regulations.

5.0 Identification of Regulated Waste

This section describes the types of waste that may be generated at the College, and outlines the regulations that identify the waste and that govern its handling and disposal.

5.1 Hazardous Waste

5.1.1 Overview

Hazardous Waste, as defined in 40 CFR 261.1 (c), shall mean any waste or combination of wastes of a solid, liquid, contained gaseous or semi-solid form, which because of quantity, concentration or physical or chemical characteristics may cause or significantly contribute to an increase in mortality or an increase in serious irreversible or incapacitating reversible illness or pose a substantial present or potential hazard to human health or the environment.  Such wastes are segregated into two major classes of waste; characteristic waste and listed wastes.  Each type of hazardous waste is defined below as well as other special wastes that are handled as hazardous waste as defined by the EPA [or the State of ___ (if applicable)].

To determine if a waste is a regulated hazardous waste, generators can use either knowledge or testing (40 CFR 262.11).  Wastes such as expired chemical stocks will not require testing to determine if they are hazardous waste; rather, knowledge of the chemicals' origins and characteristics can be applied in the determination.  (Note: Material Safety Data Sheets (MSDSs) can be useful for this purpose).

Hazardous wastes may either be wastes that demonstrate characteristics of ignitability (having a flashpoint less than 140(F), corrosivity (having a pH level less than 2.0 or greater that 12.5), reactivity, or toxicity (exceeding Toxic Characteristic Leaching Procedure [TCLP] toxicity limits), or wastes that appear in 40 CFR 261 as “listed” wastes (F, K, U, or P codes), [or in ____ (insert State Regulation if applicable)].

All hazardous waste generated at the College is required by federal and state law to be disposed of properly.  Disposal requirements are stipulated in the 40 CFR 260 - 265.  DISPOSAL OF ANY CHEMICAL WASTE DOWN ANY SINK OR DRAIN IS PROHIBITED. 

5.1.2 Characteristic Waste

There are four hazardous waste characteristics: ignitability, corrosivity, reactivity and toxicity.  Generators may use testing or knowledge to determine if their waste stream exhibits one or more of the characteristics.  The definitions or each characteristic are given below:

· Ignitability (40 CFR 261.21) – Ignitable wastes, denoted by the code D001 are generally liquids with flash points below 60(C or 140(F.  Non-chlorinated solvent wastes are usually ignitable wastes.  A non-liquid hazardous waste is considered ignitable if it is capable of causing fire through friction, adsorption of moisture or spontaneous chemical change and burns in a manner that creates a hazard.

· Corrosivity (40 CFR 261.22) – Corrosive wastes, denoted by the code D002, are generally aqueous solutions with a pH of 2 or less or of 12.5 or greater.

· Reactivity (40 CFR 261.23) – Reactive wastes, denoted by the code D003, are those wastes that are generally unstable, explosive, capable of detonation when heated under confinement, or react violently with water.  Also wastes are reactive if they generate a toxic cyanide or sulfide fumes when subject to pH between 2 and 12.5. 

· Toxic Wastes (40 CFR 261.24) – Toxic wastes, denoted by the codes D004 to D043, are certain wastes containing regulated constituents  that exhibit toxic properties as defined by the Toxicity Characteristic Leaching Procedure (TCLP).  TCLP identifies wastes that are likely to leach hazardous concentrations of regulated constituents under simulated landfill conditions.  Those wastes that fail the TCLP for metals or organic compounds are assigned that appropriate waste code.   See Table 1 of Appendix A for chemical specific information.

5.1.3 Listed Waste

There are four lists of hazardous wastes. To determine if a waste is listed, one must have knowledge of the waste's origin.  The lists are described briefly below, but complete copies of the hazardous waste lists are included in 40 CFR 261.

· F-List [40 CFR 261.31] - The F-list (F001-F039), frequently referred to as the non-specific source list, contains spent solvents, electroplating wastes, wastes related to the production or treatment of chlorinated hydrocarbons, wood preserving wastes, and certain landfill leachates. Spent solvents on the F-list are designated by the codes F001, F002, F003, F004 and F005.  The F001 code only applies to certain chlorinated solvents used in degreasing operations.  Spent solvents are represented by the codes F002 through F005.  Often, laboratories generate F-listed spent solvents.  For example, in an organic prep lab, listed solvents such as methylene chloride and carbon disulfide are used in the extraction processes: methylene chloride wastes (e.g., waste extracts) are denoted by the code F002, and carbon disulfide wastes are denoted by the code F005. Note that there is a special "ignitability" provision for some of these wastes.  This provision states that if an F-listed waste was originally listed for ignitability (solely), and that waste is no longer ignitable, then the waste is no longer a listed hazardous waste.  See Table 2 of Appendix A for chemical specific information.

· K-List [40 CFR 261.32] - The K-list, frequently referred to as the specific source list, contains solid hazardous wastes from certain industries including, but not limited to, chemical manufacturing, ink formulating, petroleum refineries and metal smelting.  Laboratories may generate K-listed waste if they accept waste samples from a K-listed industrial process.  See Table 3 of Appendix A for specific K-listed chemical information.

· P-List [40 CFR 261.33(e)] - The P-list applies to unused, discarded, commercial chemical products with a sole-active ingredient on the P-list.  In laboratories, the P-list is often assigned to expired chemicals or unused chemicals that are thought to be contaminated.  For example, a container of carbon disulfide, that for some reason is thought to be contaminated, would be disposed of as P022 waste.  The P-list can also be applied to discarded chemical solutions that were made in the laboratory in lieu of purchasing a commercial product.  For example, excess (e.g., unused) Aldrin standard that was prepared in the laboratory (e.g., in methanol) would be disposed of as P004 waste if Aldrin was the sole-active ingredient (methanol is not "active" in this case).  The P-list is not applied to waste standards with several active ingredients (e.g., a mixed pesticide standard), but only to waste standards with a sole-active ingredient.  P-listed wastes are acutely hazardous wastes.  To avoid generation of unnecessary quantities of P-listed waste, all P-listed waste should be segregated from other hazardous waste.   See Table 4 of Appendix A for chemical specific information.

· U-List [40 CFR 261.33(f)] - The U-list applies to unused, discarded, commercial chemical products that contain a sole-active ingredient that appears on the U-list. In laboratories, the U-list is often assigned to expired chemicals or unused chemicals that are thought to be contaminated.  For example, a container of methylene chloride, that for some reason is thought to be contaminated, would be disposed of as U080 waste.  [Note: Actually dichloromethane, not its synonym methylene chloride appears on the U-list.  When reviewing the P- and U-lists, one must carefully check for synonyms.]  Unlike the P-list, which have been identified as acute hazardous wastes, the U-listed wastes have been identified as toxic wastes. See Table 5 of Appendix A for chemical specific information.

5.1.4 Universal Waste

In accordance with 40 CFR 273 and Rule 13.00 of the Rhode Island Rule and Regulations, batteries, pesticides, cathode ray tubes, mercury containing devices, thermostats, and electric lamps, are regulated as universal wastes.  The definitions of these waste streams are given below:

· Battery (40 CFR 273.2) means a device consisting of one or more electrically connected electrochemical cells which is designed to receive, store, and deliver electric energy.  An electrochemical cell is a system consisting of an anode, cathode, and an electrolyte, plus such connections (electrical and mechanical) as may be needed to allow the cell to deliver or receive electrical energy.  The term battery also includes an intact, unbroken battery from which the electrolyte has been removed.

· Pesticide (40 CFR 273.3) means any substance or mixture of substances intended for preventing, destroying, repelling, or mitigating any pest, or intended for use as a plant regulator, defoliant, or desiccant, other than any article that:

(a) Is a new animal drug under FFDCA section 201(w), or

(b) Is an animal drug that has been determined by regulation of the Secretary of Health and Human Services not to be a new animal drug, or

(c) Is an animal feed under FFDCA section 201(x) that bears or contains any substances described by paragraph (a) or (b) of this section.

· Thermostat (40 CFR 273.4) means a temperature control device that contains metallic mercury in an ampule attached to a bimetal sensing element, and mercury-containing ampules that have been removed from these temperature control devices in compliance with the requirements of 40 CFR 273.13(c)(2) or 273.33(c)(2).

· Cathode Ray Tube (CRT) (3.08 and 13.02 of Rhode Island hazardous waste regulations) means an electron tube or evacuated glass container, which has not been broken or crushed, having a cathode or negative electrode at one end, and a device called an electron gun that projects a beam of electrons against a luminescent screen at the opposite end of the tube.  A bright spot of light appears wherever the electrons strike the screen.  Cathode ray tubes, or CRTs, are used as picture tubes in television receivers, visual display screens in radar-receiving equipment, computer installations, and oscilloscopes.

· Mercury-Containing Device (3.56 and 13.02 of Rhode Island hazardous waste regulations)  shall mean any electrical product or component, excluding batteries, lamps, and thermostats, which contains elemental mercury that is necessary for its operation and is housed within an outer metal, glass, or plastic casing.  Mercury-containing devices include, but are not limited to, thermometers, barometers, electric switches and relays, thermocouples, manometers, and sphygmomanometers.

· Mercury Thermostats (40 CFR 273.4) means a temperature control device that contains metallic mercury in an ampule attached to a bimetal sensing element, and mercury-containing ampules that have been removed from these temperature control devices in compliance with the requirements of 40 CFR 273.13(c)(2) or 273.33(c)(2).

· Mercury-Containing Lamp (3.57 and 13.02 of Rhode Island hazardous waste regulations) means an electric lamp in which mercury is purposely introduced by the manufacturer for the operation of the lamp.  For the purposes of universal waste management, mercury-containing lamps include fluorescent lamps and high intensity discharge (HID) lamps, including mercury vapor, metal halide and high pressure sodium lamps which would otherwise be a characteristic hazardous waste.

· Electric lamp shall mean the bulb or tube portion of a lighting device specifically designed to produce radiant energy, most often in the ultraviolet (UV), visible, and infrared (IR) regions of the electromagnetic spectrum.  Examples of common electric lamps include, but are not limited to incandescent, fluorescent, high intensity discharge, and neon lamps.

These waste streams are required to meet the universal waste management standards if they are not listed or characterized as hazardous wastes and managed according to the federal of state hazardous waste regulations.  Universal wastes are required to be labeled in accordance with 40 CFR 273.14.  For example the words “Universal Waste – Pesticides” or “Waste – Pesticides” must be clearly marked on the container or package.  The College is required to maintain an inventory system on-site that identifies the date that the universal waste became a waste or was received.  The universal waste must be accumulated in a designated area with a controlled entry, and the accumulation time must not exceed one year from the date the universal waste is generated.  The College must conform to 40 CFR 273.18 for off-site shipments of universal waste.

Employers must train employees who handle or have the responsibility for managing universal waste, on the proper handling of the waste streams and emergency procedures appropriate for those waste streams.

5.1.5 Additional State and Local Hazardous Waste Definitions

Insert any additional state and local hazardous waste definitions which are above and beyond the federal definitions used to identify hazardous waste.

5.1.6 Exclusions

Certain substances are excluded from the regulatory definitions of solid and hazardous wastes.  For example, household waste (no matter how hazardous) is excluded from the regulatory definition of hazardous waste.  Three exclusions that are particularly important to many laboratories are highlighted below:

Wastewater - Under the Federal RCRA regulations, mixtures of untreated sanitary waste and other (i.e. hazardous) waste discharged to a publicly-owned treatment works (POTW) are excluded from the definition of solid waste and, therefore, not regulated hazardous waste (40 CFR Part 261.4(a)).  This exemption also applies to on-site wastewater treatment systems with an NPDES permit.  The discharges are subject to stringent water pollution control requirements instead of hazardous waste requirements (see Section 2.3.2).

Samples - Samples that are sent to the laboratory for analyses are not considered regulated waste while awaiting testing, while stored after testing for a specific purpose, or while being transported back to the sample collector (40 CFR 261.4(d)).  For example, samples are not yet waste if QC of analytical results has not been completed and re-testing may be necessary.  Once a sample is no longer being held for a specific purpose, then it must be managed as waste, and hazardous waste if appropriate (e.g., if it is listed or displays a characteristic).

Empty Containers – Empty containers that once held hazardous waste are not regulated as hazardous waste if they meet the definition of "empty" as defined in 40CFR 261.7.  A container is empty if all waste has been removed to the extent possible by common practices (e.g., by pouring, pumping, or aspiration) and less than one inch of residue or 3% by weight of the total capacity of the container remains on the bottom of container.  Containers that held acutely hazardous waste are considered empty only after being triple rinsed with a solvent capable of removing the acutely hazardous waste residue.  The solvent rinsate then must be managed as acutely hazardous waste.

5.2 Biological  Waste

Insert your College’s definition of biological waste if different from that defined here.  Include all state and locally regulated biological waste.

Biological waste is any waste that is potentially biohazardous, infectious, or pathological.  The categories of regulated biological waste are defined as follows:
1. Cultures and Stocks of Infectious Agents and Associated Biologicals.  All cultures and stocks of infectious agents are designated as infectious wastes because of the high concentration of disease causing organisms typically present in these materials.  Included in this category are specimen cultures and stocks from medical and pathological laboratories, cultures and stocks of infectious agents from research and industrial laboratories, wastes from the production of biologicals, and discarded live and attenuated vaccines.  Also culture dishes and devices used to transfer, inoculate, and mix cultures are designated as infectious wastes.

2. Pathological Waste.  Human or animal pathological wastes including bodies/carcasses, tissues, organs, body parts, body fluids and their containers, that were involved in any medical or research procedure.

3. Human Blood and Blood Products. All waste, human blood, serum, plasma, and other blood products or components are considered infectious wastes.  Items that are saturated and/or dripping, and/or caked with human blood, including but not limited to: serum, plasma, other blood components and their containers.

4. Contaminated Sharps.  All discarded sharp materials (sharps) which have been used in animal or human patient care, treatment or research, present the double hazard of inflicting injury and inducing disease.  All needles, syringes (with or without the attached needle), blades, scalpels, vials, culture dishes (regardless of the presence of infectious agents), slides and cover slips, and broken glass are considered sharps.  All sharps used in patient care are considered infectious wastes because of the possibility of undiagnosed bloodborne diseases (i.e., Hepatitis or AIDS).

5. Unused Sharps. Unused discarded hypodermic needles, suture needles, syringes and scalpel blades.

6. Animal Waste.  Contaminated animal carcasses, body parts, and bedding of animals known to have been exposed to infectious agents during research (including research in veterinarian hospitals), production of biologicals, or testing of pharmaceuticals.

7. Isolation Wastes.  Biological waste and discarded materials contaminated with blood, excretions, exudates, or secretions from humans who are isolated to protect others from certain highly communicable diseases, or isolated animals known to be infected with highly communicable diseases. 

If regulated biological waste is mixed with non-hazardous solid wastes the waste stream shall be regulated as a biological waste.

The following are excluded from the regulations governing biological waste:

· Hazardous wastes as defined by the U.S. EPA under the Resource Conservation and Recovery Act of 1976 et. seq. and/or authorized state agency;

· Radioactive materials that exceed detectable limits; and.

· Animal wastes and associated bedding from animals not used in biological/pharmaceutical research and not exposed to infectious materials, e.g., animal wastes generated from animal husbandry practices or college farm activities, etc.

5.3 PharmaceutiCal waste

Any waste substance that is listed on the schedules of controlled substances in 21 CRF 1308 is considered a pharmaceutical waste.

5.4 Other Regulated Waste

A discussion of other potentially regulated waste streams is provided in Section 6.1.2.

Waste containing both radioactive material and hazardous chemicals is referred to as Mixed Waste.  The (insert the name of the relevant office or department e.g., Radiation Safety Office) handles all radioactive or mixed wastes.

Unknown chemicals should be labeled “unknown”.  The disposal company will have to analyze the sample to determine its characteristics.  Handling of unknowns is discussed further in Section 6.1.1. 

6.0 Chemical and Biological Waste Management

This section outlines the specific chemical and biological waste management requirements and procedures for the college’s laboratories.  Since the Plan was developed for a particular college many of the operating procedures that were developed are college specific and therefore will most likely need to be modified to fit in with your college’s structure and operation.  In the following sections, terms, requirements and procedures that are particularly specific to the college for which this was developed are highlighted in blue italics.  If any of these terms, requirements or procedures do not conform to your college’s specific terms, requirements or procedures, the appropriate changes should be made.  However, the procedures outlined in this section were developed to incorporate all relevant requirements mandated by federal regulations, so any changes made to procedures must ensure that all appropriate regulatory requirements are maintained.  In addition, if your state or local government’s hazardous, biological, or pharmaceutical waste regulations are more stringent than the federal regulations, the additional state and local requirements must be added to these procedures.

There are two primary categories of personnel who generate and/or handle hazardous wastes: laboratory personnel and the Coordinating Department staff.  The responsibilities of these two categories with respect to waste management are considerably different.  Since the Coordinating Department staff is responsible for the implementation and compliance with this Plan, including training, they need to have a clear understanding of the requirements for both the Coordinating Department and laboratory personnel.  Therefore this section of the Plan has been divided into two parts: Laboratory Worker requirements and the Coordinating Department requirements.   

6.1 Laboratory Worker RequiremenTs

This section details the chemical and biological waste management requirements for Laboratory Workers at the College.

6.1.1 Waste Identification

Analytical samples, formulations, or laboratory chemicals received for research purposes are not required to be labeled or inventoried as waste as long as they are still in use in an ongoing research or teaching project.  At such time as these materials are no longer in use, they should be either: (a) assessed to determine if they are in sufficiently good quality to be used in another laboratory or department; or (b) declared a waste and characterized as either regulated or non-regulated waste.  

Departments are encouraged to share chemicals to reduce waste.  To reduce acquisition and disposal costs, and to insure that the chemicals remain fresh, the minimum required amount of chemical should be purchased.  If good quality chemicals are available that are no longer in use at a particular laboratory, it may be possible for them to be used in another laboratory or department of the College.  The College will develop a written procedure for the evaluation and distribution for reuse of good quality chemicals. 
Once materials that are no longer in use at the laboratory are declared a waste, they must be characterized as non-regulated or regulated waste.  If they meet the definitions of regulated wastes provided in Section 5.0, then they must be managed in accordance with this plan.  Further discussion regarding the regulated wastes is provided below.  Non-regulated wastes (with the exception of chemical waste) may be disposed of using the sanitary sewer or the regular trash.
NO CHEMICAL WASTE IS TO BE DISPOSED OF DOWN THE DRAIN.  If a chemical waste does not meet any of the definitions of regulated wastes, then it can be considered a non-hazardous chemical waste.  As such, it will be labeled as ‘Non-Hazardous Chemical Waste’ and the Coordinating Department will be contacted to verify that it is non-hazardous and to schedule a pick-up. 

Hazardous Waste

Hazardous waste is any waste that meets the definitions of Section 5.1.  Insert procedures for determining if a material is a hazardous waste.  For example: The Laboratory Worker should use the Waste Characterization Checklist provided in the Laboratory Waste Guidebook to determine if the material in question is hazardous waste.  If the characteristics of a chemical waste are not known and thus accurate characterization is not possible, the laboratory worker should consult the Coordinating Department.

If an unknown chemical is discovered, label it as “unknown” and attach a note detailing any information about what the chemical may be, in what experiment it may have been used, and where it was found.  Chemical analysis may be required to determine the constituents at the expense of the laboratory from which the waste originated.  If any unlabeled chemical is found that has crystallized or there is any other indication that it may be unstable.  DO NOT TOUCH IT!  Contact the Coordinating Department immediately.

Other potentially regulated waste streams may include:

· Solvent wastes generated from high-pressure liquid chromatography (HPLC) equipment;

· Mercury metal;

· Some photographic waste streams; 

· Gas cylinders; and 

· Aerosol paint cans.

These waste streams are discussed in further detail in section 6.1.2.

Radioactive or Mixed Waste

Waste containing both radioactive material and hazardous chemicals is referred to as Mixed Waste.  Please call the Radiation Safety Office to dispose of any Radioactive or Mixed Waste.

Biological Waste

Insert procedure for identifying biological waste if different from that stated here. 
Biological waste is any waste that meets the definitions of Section 5.2.  If regulated biological waste is mixed with non-hazardous solid wastes the waste stream shall be managed as biological waste.  However, if regulated biological waste is mixed with hazardous solid wastes the waste stream shall be managed as hazardous waste.

Pharmaceutical Waste

Insert procedure for identifying pharmaceutical waste if different from that stated here. 
Pharmaceutical waste is any waste that meets the definition of Section 5.3,  i.e., any waste substance that is listed on the schedules of controlled substances in 21 CRF 1308.

6.1.2 Waste Handling

Hazardous Waste

Each laboratory must comply with the College’s procedure for the collection, logging, and storage of hazardous waste generated within a laboratory.  These procedures are presented in Appendix B; Procedure B-1, “Laboratory Chemical Waste Handling” and Procedure B-2, “Laboratory Hazardous Waste Accumulation Area Requirements”.  

All waste must be poured into bottles or containers that are the appropriate size, in good condition, sturdy, leak-proof and compatible with the waste material being stored.  The bottle or container must have a tight fitting cap and be sealed at all times, except when additional waste is being added (EPA 15-minute rule).  Further information regarding hazardous waste containers and labeling is provided in Section 6.1.3.

Certain hazardous chemical wastes cannot be safely mixed or stored with other chemicals because a severe explosion or reaction can take place or an extremely toxic reaction product can result.  The original chemical’s label and MSDS should contain information on incompatibilities.  Further information can be obtained from the Coordinating Department.  In general, hazardous waste containers should be segregated by hazard class as outlined in Section 6.1.4.  The Coordinating Department should be contacted for assistance in handling and disposal of potentially explosive materials such as picric acid, silanes, nitro compounds, and ethers. 

Compatible substances (including compatible solvents) can be mixed or stored together provided the names and relative quantities of the different substances are listed on the waste container label.  Where a number of additions will be made to a waste container, a waste log may be used to record information for each addition.  The waste log must reference the waste container.  The information on the waste log must be summarized on the waste container label when the container is full.  Further information regarding hazardous waste containers logs is provided in Section 6.1.3.

For Teaching Laboratories 

If the College has specific procedures for collection and disposal of waste generated in teaching laboratories, it could be included here.  For example:
In the case of teaching laboratories, where many different students will be working in the laboratory at different times, and on different experiments, additional waste collection procedures must be followed. 

At the beginning of each laboratory class the Teaching Assistant will prepare a student waste disposal log and a waste collection container.  If a number of incompatible waste streams are generated, the Teaching Assistant will prepare the corresponding number of containers and logs. 

Upon completion of every experiment or class each student will empty his/her waste reagents into the designated waste container.  Each student will record the disposal of the waste stream on the student waste disposal log associated with that waste container.  The student’s name, section, the name of the waste, the concentration of the waste, the volume of the waste, and the date of the addition should be recorded on the log.  The number of entries on the waste log should correspond to the number of students in the class.  An example of a completed student waste disposal log is provided in Appendix B, Procedure B-1, “Laboratory Chemical Waste Handling”. 
At the end of the period, the Teaching Assistant will summarize the contents of the student waste disposal log onto the waste container label.  If the same waste container is to be used for a number of class periods, a waste container log may be used to enter each class’s summary information.  The waste container log number should be referenced on the waste container label.   

The Teaching Assistant will enter the totals of each of the materials the students have discarded (names, quantities, and concentrations), along with the Teaching Assistant’s name, the section number, the experiment and the date.  The names of chemicals must be written out completely and legibly, in English.  Chemical symbols or abbreviations are not sufficient. An example of a completed waste container log is provided in Appendix B, Procedure B-1, “Laboratory Chemical Waste Handling”.

The student waste disposal log will be kept on file in the laboratory to document the students waste disposal.  These records may be requested from the Teaching Assistant by the College.  A photocopy of each day's waste log will be given to the Scientist-in-Charge at the end of each week.

High Pressure Liquid Chromatography (HPLC) Wastes 

Solvent wastes generated from high-pressure liquid chromatography (HPLC) equipment are subject to hazardous waste regulations.  However, due to the nature of the equipment, the procedures for collection and handling of HPLC solvent wastes are different than for other chemical wastes generated in the laboratories.  For example, HPLC waste containers require special caps and must vent to a fume hood.  The Coordinating Department should be consulted on the correct waste collection and handling procedures for such waste generating operations.  
Radioactive or Mixed Waste

Waste containing both radioactive material and hazardous chemicals is referred to as Mixed Waste.  Please call the Radiation Safety Office to dispose of any Radioactive or Mixed Waste.

Other Potentially Hazardous Wastes

Gas cylinders should be returned to the manufacturer or distributor whenever possible.  Unreturnable cylinders will be collected by the Coordinating Department.  Such cylinders should be tagged for disposal and a “Request for Gas Cylinder Disposal” form should be faxed to the Coordinating Department.

Aerosol paint cans are hazardous waste unless punctured and vapors captured in a device designed for such purposes.  The evacuated cans may be wrapped in newspaper and disposed of as a solid waste.

Mercury metal must be collected for recovery and recycling.  Due to its well-established toxicity and environmental persistence, it must not be released to the environment and should be handled as a hazardous waste.  All waste mercury must be collected in closed polyethylene containers with the words “waste mercury metal’ clearly marked.  If a mercury thermometer breaks the Coordinating Department should be called.

Some photographic waste streams may be hazardous.  Each photographic waste stream needs to be evaluated for disposal.  The Coordinating Department should be consulted to determine the appropriate waste handling procedures.

If any other type of waste stream is being generated and the Laboratory Workers are unsure of the waste characteristics, or the collection and handling procedures, they should contact the Coordinating Department.

Biological Waste

Insert definition of biological waste if different from that defined here. 

As defined in Section 5.2, biological waste is any waste that is potentially biohazardous, infectious or pathological.  Such waste includes: human and animal blood and blood products, body fluids, tissue and body parts; cultures and stocks of infectious agents; contaminated animal carcasses, body parts and bedding of animals known to have been exposed to infectious agents (animal waste); and bodily wastes and contaminated materials from humans or animals isolated due to infection with a highly communicable disease.  In addition, biological waste includes items such as gloves, disposable safety glasses and plastics that are heavily soiled with biological materials.  Biological waste may also include sharp materials (sharps) as defined in Section 5.2.  Sharps handling and disposal is discussed in further detail later in this section.

Note: Biological wastes, as defined in Section 5.2, not comprehensively regulated at federal level.  Infectious wastes, pathogens, and regulated medical wastes do have specific federal regulations, and the National Institutes of Health have guidelines for many biological materials (see www.nih.gov).  However, in many cases, biological wastes are regulated at state and local level on a case-by-case basis.  Some biological wastes can be heavily regulated by state and local governments, local boards of health, and city ordinances.  Therefore, it is important to investigate all state and local regulations that may be applicable to the types of biological waste generated at your College and to add all appropriate requirements to this plan.    
Packaging Biological Waste for Disposal

Insert specific procedures for packaging and collection of biological waste if different from those outlined here.
Where possible, biological waste should be decontaminated prior to disposal.  Methods of decontamination include autoclaving and bleaching.  All biological waste collected for disposal will be placed in a rigid container (e.g. a box, pail, or stand) that is double-lined with two regulation biohazard plastic bags.  The plastic bags must be of sufficient strength to prevent ripping or tearing (3-millimeter equivalent) and must be marked according to federal, state and local regulations (i.e., red in color and/or with biohazard symbol on the outside).  The Coordinating Department will provide all boxes, bags, tape and labels to be used for packaging of biological waste.   

When the biological waste container is full, or the maximum weight limit of the container is reached, the following procedures must be followed:

· Ensure that the packaged waste is within the required weight limits as indicated on the container provided;

· Seal or tie each bag;

· Label the outer bag with the College’s identification labels provided by the Coordinating Department;

· Securely close each container with 3 strips of tape on top, bottom and side seams

· Immediately notify the Coordinating Department that the container is ready for pick-up.  

· The Coordinating Department will label and date the outer container upon pickup.

· All animal waste should remain frozen until a pick-up has been scheduled with the Coordinating Department.
The Coordinating Department is responsible for the retrieval, transport, and disposal of all biological wastes from laboratories.  A container that is either leaking, improperly packaged, improperly labeled, or contains loose sharps will not picked up by the Coordinating Department.

Pharmaceutical Waste

Although most pharmaceutical waste materials are not regulated as hazardous waste, they do require special handling procedures. Pharmaceutical waste should not be disposed of into the regular trash.  All pharmaceutical waste must be submitted to the Coordinating Department.

All pharmaceutical waste should have a completed pharmaceutical waste label in accordance with Section 6.1.3.  When a laboratory has pharmaceutical waste that requires disposal, the following procedures should be followed:

Insert procedures for collection of pharmaceutical waste.  For example:
1. Fax a “Request for Pharmaceutical Waste Disposal” form to the Coordinating Department.

2. A copy of the College purchase order used to purchase the pharmaceutical material should accompany all requests for disposal.

3. Call the Coordinating Department to schedule a pick-up.

The Coordinating Department will come to the laboratory, provide the appropriate paperwork, collect the required signatures, and then remove the material for disposal.

Sharp Materials (Sharps)

Insert definition and specific procedures for packaging and disposal of sharps if different from those outlined here.
Sharps, as defined in Section 5.2, include needles, syringes (with or without needles attached), scalpels, broken glass such as test tubes, vials and pipettes, petri dishes, laboratory slides, and anything that can potentially pierce a plastic bag.  Sharps have the added hazard of potentially cutting or puncturing the skin and transmitting disease.  

Sharps should be segregated by contamination type (i.e. biological, hazardous, radioactive).  Unused sharps, specifically needles and syringes, should always be considered biological.  If unsure of the contamination type, contact the Coordinating Department for assistance.

If sharps are considered biological only:

1. Place the sharps in red OSHA-approved sharps containers.  The sharps containers are provided by Scientist-in-Charge.

2. Place a biohazard label and the College’s ID label on the sharps container.   Labels are provided by the Coordinating Department.

3. Place the sharps container in the lined biological waste container and dispose of as biological waste.

If sharps are considered hazardous and biological:

1. Place the sharps in a red OSHA-approved sharps containers.  The sharps containers are provided by Scientist-in-Charge.

2. Place a biohazard label and the College’s ID label on the sharps container.   Labels are provided by the Coordinating Department.
3. Place a “Hazardous Waste” label on the sharps container next to the biohazard and College ID labels.
4. Consult with the Coordinating Department for disposal procedures.

If sharps are considered radioactive or mixed radioactive (i.e. radioactive mixed with hazardous/biological): call the Radiation Safety Office.

Non-biological, non-hazardous broken laboratory glassware 

Non-hazardous broken laboratory glassware is any broken glassware, such as bottles, flasks, pipettes or vials, that does not meet the criteria of hazardous, biological, or radioactive waste.  Such glassware must be placed in a box and the box securely sealed.  The box must be labeled “broken glassware” and placed in the regular trash.  Laboratory glassware must never be discarded in the glass recycling bins. 

6.1.3 Containers & Container Labeling

Hazardous chemical wastes, biological wastes, and pharmaceutical wastes have special container and labeling requirements as discussed below.

Hazardous Waste

All discarded laboratory chemicals must be placed in an appropriate container and the container must be properly labeled.  Chemicals synthesized in the laboratory or prepared by processes such as distillation or extraction must also be placed in appropriate containers and properly labeled.  The containers must be an appropriate size, in good condition, sturdy, leak-proof and compatible with the waste material being stored.  MSDSs of the main waste constituents should identify the appropriate type of storage container for that waste.  For example, no acids should be stored in steel cans or drums and hydrofluoric acid and some acidic fluorides should not be stored in glass containers.  

The container must have a tight-fitting cap and must be sealed at all times, except when additional waste is being added (EPA 15-minute rule).  The container caps should be tethered to the containers to prevent the cap from being misplaced and also to avoid the switching of caps between containers of incompatible materials.

All waste containers must be clearly identified with the College’s hazardous waste label.  The College hazardous waste labels can be obtained from the Coordinating Department.  Old or extraneous labels should be removed or defaced.  The label should be affixed to the container and will contain the words “Hazardous Waste”.   The label must be completely filled out to include the following information: 

· The contents of the container including the chemical name, written in English.  Chemical formulae or trade names are not acceptable. Commercial products should be accompanied by the MSDS.

· For mixtures of chemicals, all the constituents must be listed and the appropriate percentage of each.  Relative quantities of all chemicals should sum to a total of 100%.  (If a waste log is used with the waste container, the relative quantities may be filled in when the container is full.  See below for further discussion of waste container logs.);

· The primary hazard(s) presented by the waste substance (i.e. ignitable, corrosive, explosive, toxic, reactive, oxidizer, or explosive).  Consult the chemical MSDSs if unsure of which hazards apply. 

· The person responsible for the waste, their location and phone number.

For an example of a hazardous waste label and further details about labeling requirements, see Procedure B-4, “Hazardous Chemical Waste Label” in Appendix B.  For further information on waste containers and waste storage, see Procedure B-2, “Laboratory Hazardous Waste Accumulation Area Requirements” ” in Appendix B.

If an unknown chemical is discovered, label it as “unknown” and attach a note detailing any information about what the chemical may be, in what experiment it may have been used, and where it was found.  If you find any unlabeled chemical that has crystallized or there is any other indication that it may be unstable.  DO NOT TOUCH IT!  Contact the Coordinating Department immediately.

Waste Container Logs

If the College has a policy on keeping waste logs for containers that may have a number of additions over time, it could be included here.  For example:

Where a number of additions will be made to a waste container, a waste container log may be used to record information for each addition.  The waste container label must reference the associated waste container log and vice versa.  The waste container log must list the following information for each addition to the container:

· the chemical that is being added to the container (written in English – no formulae);

· the quantity and concentration of each chemical that is added;

· the primary hazards presented by the waste substance; and 

· the person responsible for the waste, their location and phone number.

The information on the waste log must be summarized on the waste container label when the container is full.  An example of a hazardous waste container log is provided in Procedure B-1, “Laboratory Chemical Waste Handling”, in Appendix B.

Biological Waste

Biological waste should be packaged as described in Section 6.1.2.  All biological waste will be placed in a rigid container (e.g. a box, pail, or stand) that is double-lined with two regulation biohazard plastic bags.  The plastic bags must be of sufficient strength to prevent ripping or tearing (3-milimeter equivalent) and must be marked according to federal, state and local regulations (i.e., red in color and/or with biohazard symbol on the outside).  The outer bag must have a College identification label.  The Coordinating Department will provide all boxes, bags, tape and labels.   

In addition, a yellow “Anatomical/Pathological Waste” label must be stuck on the outside of any biohazard container which contains animal waste.

Pharmaceutical Waste

Insert procedures for packaging and labeling of pharmaceutical waste.  For example:
All pharmaceutical waste containers must be clearly identified with the College’s pharmaceutical waste label.  The College pharmaceutical waste labels can be obtained from the Coordinating Department.  The label should be affixed to the container and will contain the words “Pharmaceutical Waste”.   The label must be completely filled out to include the following information: 

· The full names of the pharmaceutical materials in the container;

· The number of the College purchase order used to purchase the pharmaceutical material;

· The CSA Schedule number (I, II, III, IV, or V);

· The person responsible for the waste, their location and phone number.
For an example of a pharmaceutical waste label and further details about labeling requirements, see Procedure B-8 “Pharmaceutical Waste Handling” in Appendix B.

Empty Containers

As discussed in Section 5.1.6, empty containers that once held hazardous waste are not regulated as hazardous waste if they meet the definition of "empty".   However, if a container that once held hazardous materials is not "empty", it must be disposed of as hazardous waste. 

Insert procedures for disposing of empty containers.  For example:
To dispose of empty containers these procedures must be followed:

1. Ensure there are no free liquids

2. Remove lid

3. Allow residual solvents to dissipate under hood

4. Remove or deface all hazard warning labels

5. Dispose of non-glass containers in the regular trash 

6. Place glass containers in a box, seal the box and place the box in the trash.

7. If you have empty 55-gallon drums, contact the Coordinating Department.

Under no circumstances should any chemical container be placed in the recycling bins.

6.1.4 Material Segregation 

Certain hazardous chemical wastes cannot be safely mixed or stored with other chemicals because a severe reaction or explosion can take place or an extremely toxic reaction product can result.  The original chemical’s label and MSDS should contain information on incompatibilities.  In general, hazardous waste containers should be segregated by hazard class.  The hazard class distinctions identified below should be used as a general guideline.  Further discussion of material incompatibilities is presented in Appendix C.  If necessary, insert additional waste segregation information either here or in Appendix C.

· Ignitable
· Reactive with Water
· Corrosive

· Pyrophorics
· Reactive with Air
· Concentrated Acids

· Explosive
· Peroxide Formers
· Concentrated Bases

· Toxic
· Oxidizers
· Reducers

More specific examples of wastes that should not be mixed or stored together are: organic and inorganic wastes; acids and cyanides and/or sulfides; halogenated and non-halogenated organic solvents; and metals and organic solvents.  Also, organic acid halides, organic acid anhydrides, inorganic acid anhydrides (e.g. phosphorus pentoxide) and anhydrous strongly acidic salts must all be treated as water-reactive and strong acids.  As such, they must be kept apart from both alkalis and water.  Known and suspect carcinogens and teratogens should be collected separately where possible.  The Coordinating Department will provide the laboratory with further information about incompatible materials upon request.

Flammable waste must be stored in NFPA-rated containers and storage cabinets.  Flammable liquids are most hazardous at elevated temperatures due to rapid vaporization and, therefore, should not be stored near a heat source or a sparking source.  Mixed waste (i.e. mixtures of radioactive waste and hazardous waste) should be segregated from all other wastes.

6.1.5 Laboratory Hazardous Waste Accumulation 

The Laboratory Hazardous Waste Accumulation Area (also known as a satellite accumulation point) is an area in the laboratory where small quantities of hazardous waste are temporarily accumulated prior to collection by the Coordinating Department for transfer to the main (< 90-Day) hazardous waste storage area where it is stored prior to proper off-site disposal.  The laboratory hazardous waste accumulation area must be located at or near the point of generation of the waste and should be under the control of the person, or persons, generating the waste.  The designated area must have a sign with the words “HAZARDOUS WASTE ACCUMULATION AREA”.  The designated hazardous waste accumulation area can be a room, a bench top, or a laboratory hood but there should be at least one such area in each room where hazardous waste is generated.  The Laboratory Waste Supervisor should provide the Coordinating Department with a list of the rooms which have designated hazardous waste accumulation areas.

The containers stored in these areas must be clearly identified with proper labeling in accordance with the requirements discussed in Section 6.1.2.  In addition, they must be in good condition, sturdy, leak-proof and compatible with the waste material.  The container must have a tight-fitting cap and must be sealed at all times, except when additional waste is being added.  Containers of liquid wastes must have secondary containment equal to 10% of the capacity of the container.  No containers should be stored on the floor. 

Incompatible wastes must not be mixed in the same containers and containers must be segregated in the laboratory hazardous waste accumulation area in accordance with the requirements provided in Section 6.1.4.  No more than one container of each type of waste generated is permitted in the storage area.  The hazardous waste storage is also limited to 55 gallons of hazardous waste or 1 quart of acutely hazardous waste in any one location at any one time.  

Permits are not required for laboratory hazardous waste accumulation areas, but certain controls relative to spill containment, labeling, inspections, and training are required as outlined in this section of this Plan.  Each designated laboratory hazardous waste accumulation area must contain a spill control kit containing, at a minimum, the following items:

· Absorbent pads;

· Spill warning tape;

· Personal protective equipment including, at a minimum, gloves, splash goggles, and a laboratory coat or apron;

· Bags and boxes for the cleaned-up materials and labels to identify the materials; and 

· Specialty clean-up kits required for specific chemicals in use in the laboratory.  Consult the chemical manufacturer’s MSDS to determine if a specialty spill clean-up kit is required for a particular chemical.

All employee Right-to Know information, including MSDSs, must be easily accessible in each room that has a hazardous waste accumulation area, in some form, either on‑line, in binders, or in a central location.  In addition, the following information will be posted in each designated laboratory hazardous waste accumulation area and on the outside of the laboratory door:

· Name and telephone number of the emergency coordinators.

· Location of fire extinguishers and fire alarm, if available.

· Location of spill control materials and MSDSs.

· Telephone number of the [insert name of department to be called in case of emergency, e.g., College Police and Security/Emergency Response], unless a direct alarm is available.

The Laboratory Waste Supervisor must conduct a formal inspection the laboratory hazardous waste accumulation area weekly.  See Procedure B-3, “Laboratory Hazardous Waste Accumulation Area Inspection Checklist” in Appendix B for an inspection checklist.

6.1.6 Removal of Hazardous Waste and Chemicals

There is no storage time limit for laboratory hazardous waste accumulation areas while a container is being filled.  However, according to federal and state regulations, once a hazardous waste container located in a laboratory hazardous waste accumulation area is filled, it must be picked-up and transferred to the main (< 90-day) hazardous waste storage area within 3 days.  Therefore, when a waste container is filled, the laboratory must immediately notify the Coordinating Department to schedule a pick-up.  The Coordinating Department is responsible for the retrieval, transport, and disposal of all chemical, biological, pharmaceutical, or universal wastes from laboratories.  The Coordinating Department will mark the container with the date it is picked-up.

To Have Waste Removed From Laboratory:

Insert procedures for notifying the appropriate person that hazardous waste needs to be collected from the laboratory.  For example:

1. Complete and fax a “Request for Hazardous Waste Disposal” form to the Coordinating Department.  The “Request for Hazardous Waste Disposal” form can be obtained from the Coordinating Department.

2. Call the Coordinating Department to confirm receipt of fax. 

3. A Coordinating Department staff member will call to schedule a time to remove the waste from the laboratory.

4. The laboratory is responsible for ensuring that the waste container is properly labeled and accompanied by a completed, typed, “Request for Hazardous Waste Disposal” form.  Commercial products should also be accompanied by an MSDS.

5. A knowledgeable user will be present during pick-up to verify the contents of the waste.

Chemical Clean-Out 

Insert procedures to be followed by laboratory workers for clean-out of areas that have chemicals that are still in their original containers but that are no longer of use.  For example:

When chemicals that are still in their original containers need to be removed from an area (e.g. laboratory, stockroom, or storage cabinet), following procedures should be followed:

1. Inventory all chemicals to the extent possible.

2. Complete a “Laboratory Clean-Out” form indicating the chemical names and quantities and fax form to the Coordinating Department.   The “Laboratory Clean-Out” from can be obtained from the Coordinating Department.

3. Call the Coordinating Department to confirm receipt of fax and to schedule clean-out. 

Laboratory Workers should not attempt to move or dispose of any chemical waste without consulting the Coordinating Department.

6.1.7 Monitoring, Recordkeeping, and Reporting

During teaching laboratory periods, each student must record the disposal of waste on a student waste disposal log kept near the waste container.  This sheet must be collected by the Teaching Assistant at the end of the period and kept as a permanent record.  A photocopy of each day’s student waste disposal log must be given to the Scientist-in-Charge at the end of each week.  These records may be requested of the Teaching Assistant by the College and must be kept in a notebook by the Teaching Assistant to document the students’ waste disposal. 

The Laboratory Waste Supervisor must conduct a formal inspection of the Laboratory Hazardous Waste Accumulation Area weekly.  See Procedure B-3, “Laboratory Hazardous Waste Accumulation Area Inspection Checklist” in Appendix B for an inspection checklist.  A copy of the inspection results should be given to the Scientist-in-Charge.  Inspection checklists should be maintained in the laboratory for two years.

6.1.8 Spill Procedures

Insert the procedures to be followed by laboratory workers in the event of a spill.  For example:

In the event of a spill, the following steps should be taken.

1. Assess the hazards.  If uncertain of the hazards, assume the worst.

2. Evacuate the area and all others in the area.  If anyone has been injured or exposed to toxic chemicals or vapors, they should be removed to fresh air, contaminated clothing removed and skin and eyes flushed with water for 15 minutes.  [Insert name of department to be called in case of emergency, e.g., College Police and Security/Emergency Response] should be notified immediately and medical attention sought, if necessary.  Emergency phone numbers should be posted both on the laboratory door and in the laboratory hazardous waste accumulation area. 

3. Confine the spill area and restrict access to the area.

4. Report the spill.  From a safe place, call [insert name of department to be called in case of emergency, e.g., College Police and Security/Emergency Response] and provide them with information on the location, extent and nature of the spill and injuries.

5. Secure the area until emergency response personnel arrive.  Post personnel near commonly-used entrances to the area to alert others to the danger, and to redirect them to alternative routes.

6. Notify Supervisor.

Further specific details on what to do and who to call in the event of a chemical spill in a laboratory are provided in the Laboratory Waste Guidebook and in Procedure B-14, “Laboratory Chemical Spill Procedure” in Appendix B.   

6.2 COORDINATING DEPARTMENT Worker Requirements

This section details the chemical and biological waste management requirements for the Coordinating Department at the College.

6.2.1 Transfer To Less Than 90-Day Storage Area

Insert procedures for collection of hazardous wastes from laboratory accumulation areas and transfer to the Less Than (<) 90-Day Storage Area.  For example:

The Coordinating Department is responsible for the collection and transfer of regulated chemical, pharmaceutical, or universal waste from laboratories to the Coordinating Department < 90-Day Hazardous Waste Storage Area, prior to final disposal by a licensed waste contractor.  According to federal and state regulations, the waste must be picked up from the laboratory hazardous waste accumulation area within 3 days of the container becoming full.  It is the responsibility of the laboratory to immediately notify the Coordinating Department when a waste container is filled.  Once notified, Coordinating Department personnel will call the contact person at the laboratory to schedule a time to remove the waste from the laboratory.   The Coordinating Department personnel must pick-up wastes within 24 hours of notification from the laboratory that the waste is ready for pick-up.  

The Coordinating Department personnel will only pick-up waste containers that are marked in accordance with the requirements of Section 6.1.2, and are accompanied by a completed, typed, “Request for Hazardous Waste Disposal”, or other applicable, form. 

In the case of “unknown” chemicals discarded by laboratories, the Coordinating Department personnel must determine if the wastes meet any of the definitions of a hazardous waste.  All “unknown” waste streams should be assumed to be hazardous until determined otherwise.  Testing must be by an approved method listed in 40 CFR 260.11 or 40 CFR 262 Subpart C.  Equivalent test methods are not allowed.  The laboratory that discarded the “unknown” waste may be charged for the costs associated with determining the waste characteristics.

The Coordinating Department personnel will transfer laboratory waste from the original containers to final disposal containers as necessary.  If transferring waste into another container the Coordinating Department must ensure that the new container meets the requirements of Section 6.2.3.

6.2.2 Chemical Clean-Out

Insert procedures to be followed by the coordinating department for clean-out of areas containing chemicals that are still in their original containers but that are no longer of use.  For example:

When chemicals that are still in their original containers need to be removed from an area (e.g. laboratory, stockroom, or storage cabinet), the chemicals will be inventoried to the extent possible and the Coordinating Department will be faxed a completed “Laboratory Clean-Out” form indicating the chemical names and quantities. 

The Coordinating Department and the contracted hazardous waste vendor will go to the area where the chemicals are located and determine which chemicals are reusable and which are waste.  The chemicals that are considered waste will be labeled accordingly and removed to the appropriate location.  Laboratory Workers should not attempt to move or dispose of any chemical waste without consulting the Coordinating Department.

6.2.3 Containers And Container Labeling

Hazardous chemical wastes, biological wastes, and pharmaceutical wastes have special packaging and labeling requirements as discussed below.

Insert additional state and local requirements where necessary:

Hazardous Waste

All hazardous waste containers must be in good condition, with no excessive rust, structural defects of leaks.  Containers must be compatible with the materials to be stored.  Containers that previously contained chemicals or petroleum products can only be reused for storage of materials that are compatible with the original product.  All containers must be kept closed except when adding or removing waste.   The containers must be labeled in accordance with the provisions of 49 CFR 72 and the labels must be clearly visible and in good condition.  All labels should include the following:

· the words “Hazardous Waste”;

· the name and address of the generating facility;

· the DOT descriptive shipping name and/or generic names of the principal hazardous components, written in English.  Chemical formulas or trade names are not acceptable;
· For mixtures of chemicals, all the constituents must be listed and the appropriate percentage of each.  Relative quantities of all chemicals should sum to a total of 100%;

· the primary hazard(s) presented by the waste substance (i.e. corrosive, explosive, ignitable, toxic, oxidizer, or reactive with air or water);
· the EPA waste code; and

· the initial date of containerization, i.e. the date that hazardous waste first begins accumulating in the container, excluding the laboratory accumulation time.  This should also be marked on the drum itself. 

For an example of a hazardous waste label and further details about labeling requirements, see Procedure B-4, “Hazardous Chemical Waste Label” in Appendix B.

Biological Waste

Insert the Coordinating Department procedures for collection and labeling of biological waste.  For example:

The laboratory, or any other facility that generates biological waste, is responsible for packaging the waste as discussed in Section 6.1.2.  The laboratory will notify the Coordinating Department when they have biological waste that requires disposal.  The Coordinating Department will collect all biological waste that has been correctly packaged.  The Coordinating Department will label the outer biohazard container with the orange or orange-red biohazard label, and mark the pick-up date.  The Coordinating Department ships all biological waste as Biohazardous/ Infectious Waste.  

Pharmaceutical Waste

Insert the Coordinating Department procedures for collection and labeling of pharmaceutical waste.  For example:

Pharmaceutical waste materials will be collected and labeled in the laboratory in accordance with Section 6.1.3.  When a laboratory has pharmaceutical waste that requires disposal they will notify the Coordinating Department.  The Coordinating Department will go to the laboratory with the appropriate paperwork, collect the required signatures, and remove the waste from the laboratory.  

6.2.4 Accumulation

Insert additional state and local requirements where necessary:

Hazardous Waste

Filled hazardous waste containers from the laboratory hazardous waste accumulation areas must be collected and transferred to the College’s  < 90-day hazardous waste storage area within 3 days of the container being filled.  The Coordinating Department staff will transfer laboratory waste from the original containers to final disposal containers as necessary.  Any material designated as a hazardous waste may be stored at the < 90-day storage area for a period not to exceed 90 days.  The date each waste container enters the < 90-day storage area must be clearly marked and visible.  If the waste is being transferred into a larger collection container upon arrival at the < 90-day storage area, the accumulation start date (i.e. the date the first amount of waste was placed in the container) must be marked on the larger container. 

The < 90-day hazardous waste storage area is required to have a clear and visible sign posted with the words “HAZARDOUS WASTE STORAGE AREA“.  The designated storage area must be in a secure area and locked when unattended.  Hazard tape may be used to delineate the < 90-day hazardous waste storage area within the secured area.  Warning signs such as “No Smoking” and “Authorized Personnel Only” or similar signs should be posted.  In addition, the following information should be posted:

· Name and telephone number of the emergency coordinators.

· Location of fire extinguishers and fire alarm, if available.

· Location of spill control materials and MSDSs.

· Telephone number of the [insert name of department to be called in case of emergency, e.g., College Police and Security/Emergency Response], unless a direct alarm is available.

All employee Right-to Know information, including MSDSs, must be easily accessible, in some form, either on‑line, in binders, or in a central location.  The < 90-day hazardous waste storage area must contain a spill control kit containing, at a minimum, the following items:

· Absorbent pads;

· Spill warning tape;

· Personal protective equipment including, at a minimum, gloves, splash goggles, and a laboratory coat or apron;

· Bags and boxed to put the cleaned-up materials into and labels to identify the materials; and 

· Specialty clean-up kits required for specific chemicals.  Consult the chemical manufacturer’s MSDS to determine if a specialty spill clean-up kit is required for a particular chemical.

The waste containers must be labeled in accordance with Section 6.2.2 and must be kept closed except when adding or removing waste.  Secondary containment for the storage area should have sufficient capacity to contain at least 10% of the total volume of all containers or the volume of the largest container, whichever is greater.  The storage base must be free of gaps or cracks and be impervious to leaks, spills, or accumulated precipitation and any outdoor storage areas must be covered.  Any spilled or leaked waste must be treated as hazardous waste.

Incompatible wastes must not be stored in the same containers or even in nearby containers.  The Coordinating Department should maintain information on incompatible materials.  In general, hazardous waste containers should be segregated by hazard class.  The hazard class distinctions identified below should be used as a general guideline.  Further discussion of material incompatibilities is presented in Appendix C.

· Ignitable
· Reactive with Water
· Corrosive

· Pyrophorics
· Reactive with Air
· Concentrated Acids

· Explosive
· Peroxide Formers
· Concentrated Bases

· Toxic
· Oxidizers
· Reducers

More specific examples of wastes that should not be mixed or stored together are: organic and inorganic wastes; acids and cyanides and/or sulfides; halogenated and non-halogenated organic solvents; and metals and organic solvents.  Also, organic acid halides, organic acid anhydrides, inorganic acid anhydrides (e.g. phosphorus pentoxide) and anhydrous strongly acidic salts must all be treated as water-reactive and strong acids.  As such, they must be kept apart from both alkalis and water.  Known and suspect carcinogens and teratogens should be collected separately where possible.  

Flammable waste must be stored in NFPA-rated containers and storage cabinets.  Ignitable or reactive wastes can not be stored within 50 feet of the property boundary.  Mixed waste (i.e. mixtures of radioactive waste and hazardous waste) should be segregated from all other wastes. 

The College is required to document procedures that are followed to assure that waste is not stored for a period exceeding 90 days.  An inventory of all hazardous waste containers in the < 90-day hazardous waste storage area must be maintained.  The inventory should include: 

· the date each waste container entered the < 90-Day Storage Area;

· the name and type of waste; 

· the quantity of the waste; 

· the container type, condition, and the number of containers of each waste stream;

· the date on which the waste is removed from the storage area;

· the signature of Hazardous Waste Supervisor.  

The inventory will be updated daily to reflect all new containers that enter and exit the storage area.  If most of this information is contained on the “Request for Hazardous Waste Disposal Form” which accompanied the waste containers, it is not necessary for the Coordinating Department to re-enter this information on the inventory form as long as a copy of the Request for Hazardous Waste Disposal Form is attached to the inventory.

Federal (and state) regulations require that the < 90-day hazardous waste storage area be inspected weekly by the Coordinating Department’s designated Hazardous Waste Supervisor.  The inspector should ensure that all containers are closed and that they are in good condition and are not leaking.  The inspector should also check that the containers are labeled properly and the labels are easily readable, that incompatible wastes are not stored together, and that no containers have exceeded the 90-day storage time limit.  In addition, the inspector should check that all emergency information is posted.  Further inspection requirements are provided in Procedure B-11, “< 90-Day Hazardous Waste Storage Area Inspection Checklist” in Appendix B.

Biological Waste

Insert procedures for collection, transfer and disposal of biological waste.  For example:

The contracted biological waste vendor picks up biological waste from the College every two weeks.  The laboratory will notify the Coordinating Department when they have biological waste that requires disposal.  The Coordinating Department will inform the laboratory of the next scheduled vendor pick-up and arrange to pick-up the biological waste from the laboratory on that day.  If the biological waste to be picked up contains any animal waste, the waste will be stored in freezers in the generating departments until the pick-up day.  

On the day of the vendor pick-up, the Coordinating Department will visit all locations which have biological waste requiring disposal and will collect all biological waste that has been correctly packaged.  The Coordinating Department will label and date the outer biohazard containers as outlined in Section 6.2.2.  The Coordinating Department will directly transfer all biological waste containers to the biological waste vendor’s truck. 

Pharmaceutical Waste

Insert procedures for collection, transfer and disposal of pharmaceutical waste.  For example:

Pharmaceutical waste materials will be collected and labeled in the laboratory in accordance with Section 6.1.3.  When a laboratory has pharmaceutical waste that requires disposal they will notify the Coordinating Department by fax.  The Coordinating Department will review the faxed information and determine the required disposal procedures.  The Coordinating Department will then go to the laboratory with the appropriate paperwork, collect the required signatures, and remove the waste from the laboratory.  

The Coordinating Department maintains a log-book of pharmaceutical waste removed from laboratories.  Non-hazardous pharmaceutical waste can be destroyed by flushing, on condition that the disposal is witnessed and entered in the log book.  Any pharmaceutical waste awaiting determination is logged into the < 90-day hazardous waste storage area and stored in a segregated area.  

6.2.5 Disposal

Insert additional state and local requirements where necessary:

Note: Biological wastes, as defined in Section 5.2, not comprehensively regulated at federal level.  Infectious wastes, pathogens, and regulated medical wastes do have specific federal regulations, and the National Institutes of Health have guidelines for many biological materials (see www.nih.gov).  However, in many cases, biological wastes are regulated at state and local level on a case-by-case basis.  Some biological wastes can be heavily regulated by state and local governments, local boards of health, and city ordinances.  Therefore, it is important to investigate all state and local regulations that may be applicable to the types of biological waste generated at your College and to add all appropriate requirements to this plan.    
Packaging

All waste should be disposed of using designated waste containers only.  The College must package the hazardous waste in accordance with 49 CFR 173, 178 and 179 as are or amended, and with [insert citations for state and local regulations, if applicable].  Biological waste must be packaged in accordance with the federal waste packaging regulations cited above, and with 29 CFR 1910.1030.  In addition, biological waste must be packaged in accordance with [insert state name] and [insert locality name] regulations, [insert citations for state and locals regulations, if applicable].  The specific procedures for packaging each type of waste are discussed in Sections 6.1.2, 6.1.3, and 6.2.2.   The hazardous waste vendor is responsible for packaging and labeling of lab-packs.  

Transport

Hazardous Waste

The College must not send hazardous waste off- site, from the property on which it is generated, without preparing a manifest to accompany the waste, nor shall the College offer hazardous waste to a facility which does not have an EPA I.D. number or to a transporter that does not have an EPA I.D. number and a valid [insert state name, if applicable] Hazardous Waste Transporter Permit as indicated by an official sticker on each transportation unit.  Containers of hazardous waste shipped off-site must be properly labeled as discussed in Section 6.2.2.  Shipments must also be accompanied by manifests and are subject to the full transportation requirements as stipulated in DOT hazardous materials transportation regulations (49 CFR).  The manifest number should be added to the waste label prior to shipping.  

Biological Waste

Federal regulations do not specifically regulate the transport of biological waste.  

However, many states and local authorities have specific requirements for transport of biological waste.  Insert appropriate requirements here.  

Biological waste shipped off-site will be properly packaged and labeled as discussed in Sections 6.1.2 and 6.2.2.  The College will determine and record the quantity of biological waste that is generated and transported, or offered for transport, in a calendar month and will ensure that the waste is collected by a transporter that is approved to collect and dispose of biological waste.

Pharmaceutical Waste

Non-hazardous pharmaceutical waste can be destroyed by flushing, on condition that the disposal is witnessed and entered into the log book of pharmaceutical waste maintained by the Coordinating Department.  Hazardous pharmaceutical waste must be managed as hazardous waste and disposed of by incineration.  Transportation of all hazardous pharmaceutical waste must comply with the requirements outlined in the hazardous waste section above.  

Manifest

Hazardous Waste

The College will obtain and complete a [insert state name] uniform hazardous waste manifest, or another manifest, prior to shipment of the waste, in accordance with 40 CFR 262.21 and [insert name and number of state hazardous waste regulations, if applicable].  If the College uses a manifest other than a [insert state name] Uniform Hazardous Waste Manifests, all the information required on the [insert state name] manifest must be included.  The College must use the destination state’s manifests if that state supplies the manifest and requires its use.  If not, the College must use the [insert state name] manifest.

The responsible or designated employee of the College is required to sign the manifest in the indicated location on the manifests.  The transporter is also required to sign the manifest in the indicated location and return three copies of the manifest to the College.  The College must mail the generator state copy to [insert name of State Department of Environmental Protection or other designated office] within five days of shipment or alternatively, if possible, submit the information on this copy electronically in a format and in a time frame acceptable to [insert name of State Department of Environmental Protection or other designated office].  The College must also mail the destination state’s copy to that state’s designated office within five days of shipment.  All remaining manifest copies will accompany the waste.  The College’s copy must be maintained on-site for five years.

If the College does not receive a signed copy of the manifest from the destination state within thirty-five days from the date that the waste was accepted by the primary transporter, the College must comply with 40 CFR 262.42 and file an exception report with [insert name of State Department of Environmental Protection or other designated office].  If the waste is undeliverable the College is responsible for designating an alternate location or instructions.

The College will submit to [insert name of State Department of Environmental Protection or other designated office] the names and signatures of all agents of the College who are authorized to sign the manifest.

Biological Waste

Federal regulations do not specifically regulate the manifesting of biological waste.  

However, many states and local authorities have specific requirements for manifesting of biological waste.  Insert appropriate requirements here.  

The College will determine and record the quantity of biological waste that is generated and transported, or offered for transport, in a calendar month.

Pharmaceutical Waste

Hazardous pharmaceutical waste must be managed as hazardous waste and disposed of by incineration.  Manifesting of all hazardous pharmaceutical waste must comply with the requirements outlined in the hazardous waste section above.

6.2.6 Monitoring, Recordkeeping, And Reporting

Insert any additional state and local regulations as required.

6.2.6.1 Monitoring

Laboratory Waste Management Inspections

The Coordinating Department is charged with inspecting each laboratory annually using the Coordinating Department audit checklist to document findings.  The Coordinating Department will be responsible for monitoring the Plan under established protocols.  An audit consists of a review of the waste storage practices employed, the status of the containers, and the chemical shelf life information.  See Procedure B-13, “Coordinating Department Annual Laboratory Inspection Checklist” in Appendix B, for a sample checklist.

Laboratories with deficiencies will be subject to enforcement as outlined in Section 3.8.  

6.2.6.2 Record Keeping

Hazardous Waste

The College must keep all pertinent records relating to the generation of hazardous waste for a period of three (3) years in accordance with 40 CFR 262.40.  Hazardous waste manifests must be maintained for a period of five (5) years.

Biological Waste

Many states and local authorities have specific requirements for biological waste recordkeeping.  Insert appropriate requirements here.  

Pharmaceutical Waste

Hazardous pharmaceutical waste must be managed as hazardous waste and disposed of by incineration.  All hazardous waste recordkeeping requirements also apply to hazardous pharmaceutical waste.  These requirements are discussed in the hazardous waste section above.

Annual Laboratory Inspection Forms

Annual laboratory inspection forms will be kept for two years.

6.2.6.3 Reporting

Biennial Hazardous Waste Reports

The College must prepare and submit a biennial hazardous waste report in accordance with 40 CFR 262.41.  The College must submit this to [insert name of State’s Department of Environmental Protection or other designated department] by the [insert deadline date, eg: April 1 of the even-numbered year which reports hazardous waste activities for the immediately preceding odd numbered year].

6.2.7 Spill Procedures

Insert procedures to be followed by the Coordinating Department in the event of a spill.  For example:

In the event of a spill, the hazards will be assessed, the area will be evacuated and [insert name of department to be called in case of emergency, e.g., College Police and Security/Emergency Response], will be notified.  College Police and Security/Emergency Response will then call the Coordinating Department, or if the spill occurs at night, they will contact the Coordinating Department environmental person who is on call.  The Coordinating Department will coordinate with the fire department, if necessary, to determine the appropriate response to any particular incident.  If there has been a fire or explosion or report of an injury the police dispatcher will have notified the fire department and rescue squad at the same time that the Coordinating Department is notified.  If not, the Coordinating Department will assess the nature and extent of the spill and determine if it is necessary to call the 24-hour emergency response contractors.  

More specific procedures to be followed by designated Coordinating Department personnel in the event of a chemical spill in a laboratory are provided in the College’s Spill Control and Contingency Plan.  

In the event of an actual or threatened spill or release of hazardous waste or material which presents any risk of injury to health or the environment, the College or any other person having knowledge of actual or threatened spill or release shall immediately notify the [insert name of State’s Department of Environmental Protection, Office of Compliance and Inspection, or other designated department/office] and will provide all requested information dealing with such a spill or release.  In all cases, the College shall immediately take steps to prevent, contain and or clean up the spill or release of hazardous waste or material.

7.0 Training and Communication

This section presents the College’s program for training and communicating the elements of this plan regarding chemical and biological waste handling in laboratories.  

7.1 Training 

The training program is described in the following three sections:

· Training Requirements, 

· Training Program Implementation, and 

· On-Going Activities.

7.1.1 Training Requirements

College personnel, including students, who have the potential to handle laboratory chemical and biological waste are subject to training requirements from several different regulations cited in this manual.  In response to these regulations and to ensure proper implementation of this Plan, a training program has been developed.  The training program is organized according to the roles and responsibilities defined in Section 3.0 of this Plan.  Appendix D-1 contains a matrix of training requirements for those who potentially handle chemical and biological waste.   Appendix D-1 also specifies the frequency that individual must receive training and the frequency of training course offerings. 

A two-hour environmental awareness/waste management training will be provided to all laboratory administration, faculty, and workers.  This training will include regulatory background, definitions of regulated wastes, overview of waste management, instruction on laboratory waste procedures, and review of the College policy on waste management.  Waste management training for Laboratory Workers will be offered at the beginning of each semester and will be renewed annually as necessary.   In addition, training will be offered on a monthly basis for interim assigned individuals to complete within 30 days of work start date.  

The Coordinating Department staff members who have a role in emergency and spill response and/or who prepare waste for transportation will receive additional training on these matters on an annual basis. 

7.1.2 Implementation of Training Program

Implementation responsibilities are described in accordance with the roles identified in Section 3.0 of this Plan.  A computer-based training tracking system has been established to assist with the implementation of this program.  A sample screen from this system is included in Appendix D-3.
Laboratory Waste Management Committee

The Laboratory Waste Management Committee is appointed by the College President.  All members of this Committee must be trained in accordance with the training matrix in Appendix D-1.   The Committee is also responsible for proper implementation of the training program.  A representative of the Coordinating Department will be on the Committee.

Coordinating Department
The Coordinating Department is responsible for implementing the training program.  All training courses identified in the training matrix in Appendix D-1 will be offered by the Coordinating Department with the exception of the class for students.  Training will be modified to address compliance issues or changes in requirements. 

All members of the Coordinating Department staff must be trained in accordance with the training matrix.  The Director of the Coordinating Department must also identify the Laboratory Safety Officers and facility personnel within the Coordinating Department.

In addition to offering the course in accordance with the schedule identified in the training matrix, the Coordinating Department must ensure that the following tasks are completed:

· Obtain list of laboratory Scientists-in-Charge from Department Chairpersons;

· Obtain list of all paid laboratory personnel from Scientists-in-Charge;

· Obtain documentation of training of Scientists-in-Charge, Laboratory Workers, and students from Scientists-in-Charge.

· Maintain documentation of training.

· Track the implementation of the training program.

Department Chairpersons

All Department Chairpersons must be trained in accordance with the training matrix in Appendix D-1.   The Chairpersons are ultimately responsible for ensuring that all Scientists-in-Charge, Laboratory Workers, and students in their department receive laboratory waste training.  Therefore, the Chairperson must provide a list of Scientists-in-Charge and Facility Personnel for their respective department to the Coordinating Department prior to the start of each semester.

Facility Personnel

All Facility Personnel working in or near laboratories must be trained in accordance with the training matrix in Appendix D-1.

Scientist-in–Charge

All Scientists-in-Charge must be trained in accordance with the training matrix in Appendix D-1.   In addition, training for Laboratory Workers and students is the responsibility of the Scientist-in-Charge of each laboratory.   If appropriate, student training can be delegated to teaching assistants.  In addition, departments can coordinate student training with selected faculty or TAs as instructors.  Scientists-in-Charge must provide documentation of their Laboratory Worker and student training to the Coordinating Department within 30 days of their entry into the laboratory.

Laboratory Workers
All Laboratory Workers must be trained in accordance with the training matrix in Appendix D-1. 

Students

All students must be trained in accordance with the training matrix in Appendix D-1.  Student training will take place at the beginning of each laboratory course or as new students enter a class. 

All training will be documented.  Training documentation will be maintained by the Coordinating Department and by the Scientist-in-Charge of a laboratory. 

7.1.3 On-Going Activities

Implementation of a comprehensive and effective training program requires continuous updating of the register of personnel who require training and the dates on which they have been trained.  To ensure that all the required personnel and students receive appropriate and timely training, the following updates should be obtained on an on-going basis.

On-Going

· Any changes to the Laboratory Waste Management Committee will be transmitted to the Coordinating Department.

· Any changes in the Coordinating Department Laboratory Safety Officers will be transmitted to the Coordinating Department, along with the date of their first day in the laboratory.  

· Department Chairpersons will provide the Coordinating Department with names of all new Scientists-in-Charge and Facility Personnel, along with the date of their first day in the laboratory.

· The Scientists-in-Charge will provide the Coordinating Department with the names of all new Laboratory Workers, along with the date of their first day in the laboratory.  

· All new paid laboratory personnel will receive Class 1 training within 30 days of their first day in the laboratory.  

· After their first year in the laboratory, all paid laboratory personnel will receive Class 2 training annually.

· All Coordinating Department personnel and Coordinating Department Laboratory Safety Officers will receive Class 4 training annually.  

· All Laboratory Safety Officers will receive Class 5 training annually.

· Members of the Laboratory Waste Management Committee, Department Chairpersons, Facility Personnel and Coordinating Department Laboratory Safety Officers will provide the Coordinating Department with the training information for themselves and the personnel for whom they are responsible.

Each Semester

· At the beginning of each semester, the Scientists-in-Charge provide the Coordinating Department with lists of their laboratory students.

· Within 30 days of the beginning of the semester, all laboratory students receive Class 3 training.

· Scientists-in-Charge provide the Coordinating Department will their Class 3 attendance lists and the number of students trained

7.2 Communication 

In addition to the training program described above, the Coordinating Department will provide additional communication to College personnel regarding proper chemical and biological waste handling.  Additional communication provided by the Coordinating Department includes:

Insert additional communication to be provided:

· the Laboratory Waste Guidebook, and

· Laboratory Safety Day.

The Laboratory Waste Guidebook is a designed to provide the following:

· Quick reference for Laboratory Workers and students, etc.;

· Basic definitions and instructions for laboratory waste management;

· A streamlined format for accessibility; and

· Emergency procedures and contacts.

The procedures pertinent to Laboratory Workers will be summarized in the guidebook.  Each laboratory will have a copy of the Laboratory Waste Guidebook for reference by all Laboratory Workers. 

Similarly, laboratory safety day provides communication of College laboratory waste handling procedures to personnel and students.  

7.3 Consequences for Inadaquate/incomplete Training

If the Coordinating Department determines that laboratory personnel are not properly trained, notification of the appropriate parties and/or enforcement action will be taken in accordance with the enforcement procedures described in Section 3.8 of this Plan.

8.0 POLLUTION PREVENTION

This section presents a methodology for pollution prevention in academic laboratories.

8.1 Purpose and Scope

Many teaching laboratory experiments in use at schools were designed focusing on the learning objectives and safety aspects of the experiment.  Therefore, many of these experiments unnecessarily generate large quantities of wastes that must be properly handled and disposed.  The purpose of this Pollution Prevention section is to present a methodology to evaluate alternatives to eliminate or reduce the generation of laboratory chemical and biological waste.  The methodology focuses on teaching laboratories, but the methodology is also suitable for research and development laboratory settings.  

This guideline has been designed to assist the College in the re-examination of current laboratory practices (educational and research) and to evaluate different approaches that can be used to eliminate or reduce waste generation. 

This document is not intended to provide the reader with a comprehensive discussion of the regulatory requirements associated with proper hazardous waste management.  The reader, or the team, performing the evaluation needs to have a thorough understanding of regulatory requirements (including but not limited to flammable material storage, hazardous waste management, local wastewater disposal requirements, etc.) to properly evaluate alternative laboratory procedures.  In addition, the Coordinating Department requirements for the proper storage and handling of chemicals need to be incorporated into the evaluation.  

The methodology presented is just that – a methodology.  It is the responsibility of the reader or team to evaluate the relevant factors (safety practices, learning objectives, federal, state, and local regulations, College policies, etc.) and determine how these factors should be considered in evaluating the various alternatives.

This guideline is organized as follows:

Section 8.1
Purpose and Scope: Presents the purpose and scope of the section.

Section 8.2
Pollution Prevention Overview:
Provides an overview of pollution prevention and provides some illustrative examples about how pollution prevention applies to academic laboratories.

Section 8.3
Laboratory Pollution Prevention Methodology: Presents the proposed methodology for applying pollution prevention to academic laboratories.

Section 8.4
Illustrative Example

Section 8.5
Pollution Prevention Tracking

Section 8.6
References and Resources

8.2 Pollution Prevention Overview

8.2.1 Overview

Pollution is the discharge of harmful substances to environmental media (air, soil, or water) resulting in concentrations that interfere or change the natural processes.  Pollution prevention is the reduction or elimination of pollution at the source (source control) instead of at the “end-of –pipe” or stack (treatment).  Pollution prevention occurs when raw materials, water, energy and other resources are efficiently utilized, when less harmful substances are substituted for hazardous ones, and when toxic substances are eliminated from use. 

The USEPA defines Pollution Prevention in the Pollution Prevention Act of 1990 to include practices that prevent or reduce pollution at its source.  Pollution prevention also includes “other practices that reduce or eliminate the creation of pollutants through (1) increased efficiency in the use of raw materials, energy, water, or other resources, or (2) protection of natural resources by conservation.”

Pollution prevention practices and techniques often reduce overall operational and environmental compliance costs.  By preventing the generation of waste, Pollution Prevention also reduces disposal costs and reduces long-term liabilities and clean-up costs associated with the improper disposal of wastes.  Pollution Prevention can also reduce teacher and student exposure to hazardous materials and reduce waste disposal storage requirements.  Furthermore, by preventing pollution there will be a greater likelihood that the facility will be in compliance with local, state, and federal compliance statutes.  Finally, the College has the dual responsibility of protecting the environment as well as preparing students for working in the real world.

Waste Minimization, a component of Pollution Prevention, focuses almost exclusively on solid wastes regulated under the Resource Conservation and Recovery Act (RCRA).  Waste minimization does not only focus on minimizing the amount of waste being generated at its source, it also includes approaches to reduce the volume or toxicity of existing waste.
The preferred pollution prevention approach is to reduce the amount of waste generated.  This approach, referred as source elimination/ reduction, is the cornerstone of pollution prevention.  When source reduction is not possible the next option is recycling, refining, or recovering the byproducts for reuse.  This approach minimizes the use of raw materials and the disposal of waste to the land, the water, or the atmosphere.  The third alternative is to treat the by-products (prior to declaring it waste) to make it less hazardous for disposal.  If none of the first three methods are applicable, proper disposal of chemical and biological waste is required.  Disposal of hazardous wastes must also be performed in compliance with applicable (federal, state, and local) regulations. 
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The Pollution Prevention hierarchy of preferred options, as established by the USEPA and summarized above, is presented in the following flow chart.  The various components of pollution prevention are discussed below.  Illustrative examples related to laboratory situations are also provided. 

8.2.2 Source Elimination/Reduction

Source elimination/reduction allows for the greatest and quickest improvements in environmental protection by avoiding/reducing the generation of waste and harmful emissions.  Source elimination/reduction reduces the need for “end-of-pipe” environmental controls.

Source elimination/reduction methods for laboratory experiments include chemical substitution, microscale, and scaling down experiments.  Other approaches include computer simulations (apply only to teaching laboratories) or better management of chemicals (inventory management or centralized chemical purchasing).

8.2.2.1 Chemical Substitution

Chemical substitution involves substitution of hazardous chemicals with non-hazardous (or less-hazardous) chemicals.  Substitution can sometimes be performed in conjunction with scaling down approaches.

Examples of typical chemical substitutions for hazardous chemicals are presented table 8-1.  Additional information on chemical substitution can be found in the references in Section 8.6.

8.2.2.2 Microscale Experiments /Scaling Down Experiments

Traditional educational experiments are designed at a macroscale level.  Most of these experiments can be scaled down and still achieve the same learning objectives.  The benefits include: less waste generated, reduced exposure to chemicals, and reduced chemicals consumed in the experiment.  

Table 8-1.  Examples of Chemical Substitutions

Original Chemical
Purpose Used
Substitute Chemical

Acetamide
Freezing point depression
Stearic acid

Benzene
Freezing point methods for molecular weight determination
Cyclohexane

Benzoyl peroxide
Some polymer catalysis
Lauryl peroxide

Carbon tetrachloride
Qualitative test for halides
Cyclohexane

Carbon tetrachloride
Measurement of vapor pressure-temperature by isotensiscope
Isopropyl alcohol

Chromic-sulfuric acid solutions
Glassware cleaning
Laboratory detergents, enzymatic cleaners, aqueous solvents

Ethyl ether
Organic chemistry labs
Methyl t-butyl ether

Formaldehyde (Formalin)
Specimen storage
Ethanol

Formaldehyde (Formalin)
Specimen storage
Formalternate from Flinn Scientific

Halogenated solvents
Parts-washers or other solvent processers
Non-halogenated solvents

Mercury thermometers
Temperature measurements
Red alcohol or spirit fluid thermometers, digital thermometers

Phenol/chloroform extractions
Isolation and purification of DNA
Magic Preps® from Promega Corp. and Lambda DNA Purification Kit from Strategene

Sodium dichromate
Some oxidation reactions
Sodium hypochlorite

Sulfide ion
Qualitative test for heavy metals
Hydroxide ion

Microscaling, in upper-level chemistry classes, complements the use of analytical equipment (chromatographs, spectrophotometers, NMR, etc.).  These systems, by design, require extremely small sample quantities for analysis.  Investment of specialty laboratory equipment (microscale kits, capillary melting point apparatus, electronic digital balance, micropipettes and syringes, etc.) pays for itself in a short time.  If microscaling is not possible, consider decreasing the experimental quantities by one third or one half.  Additional information on scaled-down and microscale experiments can be found in the references in Section 8.6.

8.2.2.3 Alternative Teaching Methods 

In a teaching laboratory, and whenever possible, the following alternatives that can be used to eliminate or reduce the quantity of chemicals used should be considered:

· Computer simulation or video demonstration of the experiment;

· Students working in teams; and

· Demonstration of the experiment by the instructor rather than having the whole class perform them.

Additional information on computer or video simulations can be found in the references in Section 8.6.

8.2.2.4 Material Management 

A comprehensive chemical inventory is necessary to effectively manage chemical usage. 

Chemical inventories prevent purchasing of chemicals already in stock and allow laboratory personnel to know exactly what chemicals they have, how much is available, and where the chemicals are stored.  An effective chemical inventory will also reduce waste generation by tracking shelf-life dates (ensuring chemicals are used prior to expiration), reallocating chemicals to laboratories where they will be used, and eliminating the purchase of bulk chemicals to obtain purchase discounts.  The inventory system can be created using a spreadsheet or can be purchased from software companies such as Chemistry Software for Windows (http://www.chemsw.com/).  

The chemical disposal costs should always be considered when purchasing any chemical.  The quantity obtained should be limited to the amount of the immediate need.  Chemicals are often ordered in quantities above the current need to obtain quantity purchase discounts.  The unused quantity is then discarded as a waste with the disposal cost often significantly greater than the purchase savings.  

The following table from the American Chemical Society (1990) illustrates the total life-cycle cost (purchase and disposal) for an experiment that needs 1,000 ml of a chemical.  As indicated, obtaining chemicals in appropriate quantities often reduces the total life cycle cost.

Table 8-2.  Life Cycle Cost Summary

Quantity needed
1000 ml
1000 ml

Package size
500 ml
2500 ml

Unit cost
6.2¢/ml
4.2¢/ml

Purchase cost for 1000 ml
$62.00
$104.00

Disposal cost
0.00
$45.34

Total cost
$62.00
$149.34

Actual unit cost
6.2¢/ml
15.0¢/ml

An effective chemical inventory will incorporate many of the following components:  

· chemical name (including common and trade names)

· location of the container

· marking the chemical container with the date it was received 

· marking the container with an expiration date (if not indicated by supplier) and tracking expiration dates in database

· indicating if the chemical has any special storage or disposal requirements

· centralized chemical purchasing (to ensure that chemicals are logged in and chemicals are not ordered when suitable materials are already in stock)

A comprehensive and current chemical inventory will allow laboratory personnel to:

· identify chemicals that can be re-allocated (see chemical redistribution) prior to purchasing new materials

· identify chemicals that are approaching their expiration dates

· identify chemicals that are being used in large quantities, thereby allowing laboratory managers to evaluate if bulk purchase is appropriate

Periodic updating of the chemical inventory is an essential to ensure it is useful and accurate. 

8.2.3 Recycling/Reuse

8.2.3.1 Chemical Redistribution

Redistribution of chemicals helps minimize waste.  Proper chemical management includes periodic updating of the chemical inventory.  Chemical inventory review will identify chemicals that are not being used in the laboratories where they are stored and that can be made available for use by other laboratories.  

8.2.3.2 Recycling/Reuse 

Expired chemicals should be evaluated prior to disposal for potential reuse.  Often, the manufacturer’s expiration date represents a conservative estimate of the chemical shelf life.  Chemicals beyond the shelf life may be suitable for other applications. 

Solvent recovery by distillation and reuse should be considered.  Many solvents, including xylene, methanol, acetone, and toluene, are excellent candidates for recovery by distillation.  Notable exceptions are peroxide-forming solvents, which should not be distilled.  Care should be taken in establishing a solvent recovery program to ensure that appropriate segregation of solvents and regulatory (flammable material handling and storage, hazardous waste) considerations are included in any evaluation of any solvent recovery operations.  

Chemical recovery can be incorporated into the laboratory teaching objectives.  The process can be incorporated as the final step of a chemistry experiment, or can be an extra-credit opportunity for interested students. (Caution: Recovery methods should always be performed under supervision.)  The College of the Redwoods, located in California, has designed a series of closed loop experiments where the by-products of one experiment become the reagents/reactants of the next experiment. At the end of the series, the by-products of the final experiment are available for the next set of students to start the process all over again.

8.2.4 Treatment

Technically, treatment is not waste minimization, and should only be considered after evaluation of other alternatives.  Treatment generally applies to efforts to make experimental by-products less hazardous before they are declared as wastes for disposal.  Neutralization of acids and bases is the most common method of treatment.  It involves the reduction of a material’s corrosivity (acid or caustic properties) by raising or lowering the pH to a neutral range, between 6 and 9 standard units.  Other types of treatment may be used (separation, fixation, oxidation, precipitation, degradation, ion exchange), however, once the material has been designated a hazardous waste, treatment must be in conformance with applicable regulatory requirements. 

Examples of chemical treatment of laboratory experiment by-products are:

· Phenol – with hydrogen peroxide and iron catalyst

· Acid halides and anhydride – by hydrolizing using sodium hydroxide solution

· Hydroperoxide – by addition to acidified ferrous sulfate solution

· Metal hydride – through gradual addition of methanol, ethanol, or N-butyl alcohol

· Soluble metal fluoride – by treating aqueous metal solutions with calcium chloride solution

· Finely divided metal – by oxidation with water

· Aqueous solutions containing toxic metal ions – by precipitating them as insoluble sulfides using sodium sulfide in neutral solution

· Oxidizing agents (e.g., hypochlorite or chromate) – by reduction using sodium bisulfite

Research of the regulations that may be required for any treatment method is essential before implementation of that method.

8.2.5 Disposal

Accurate identification and classification is the first step in proper handling and disposal of laboratory waste.  Proper waste identification allows the waste to be properly segregated and stored.  This step makes handling the waste safer and disposal less expensive.  Proper identification is therefore the first step in efficient waste management.  

8.2.5.1 Hazardous Waste Identification

The USEPA requires that all generators of waste, including laboratories, determine if the waste materials exhibit the characteristics of hazardous waste.  These characteristics are discussed in detail in Section 5.1 of this Plan.  If non-hazardous waste (or biological/pharmaceutical waste) is mixed with hazardous waste then the waste must be considered hazardous and managed accordingly.  For this reason, wherever possible, hazardous and non-hazardous wastes should not be mixed together.

8.2.5.2 Hazardous Waste Segregation 

Segregation of laboratory wastes during handling and storage is important for safety, legal, and pollution prevention reasons. Certain hazardous chemicals cannot be safely mixed or stored with other chemicals because a severe reaction of explosion can occur or an extremely toxic product can result.  In general, hazardous wastes should be segregated by hazard class.  Waste segregation and hazard classes are discussed in detail in Section 6.1.4 and in Appendix D.

8.2.5.3 Proper Labeling and Storage

Proper packaging and labeling is essential when collecting chemical waste.  Good practices include:

· Use of containers that are in good condition (non-leaking) and compatible with the material to be stored.  

· Plastic bags for solid or semisolid infectious waste

· Puncture resistant containers for sharp objects

· Bottles, flasks, or tanks for liquids

· Each container should be labeled with the material’s identity, hazard, and the date the container was filled and removed from the laboratory. 

Further details of hazardous waste containers and labeling are provided  in Sections 6.1.3 and laboratory hazardous waste storage requirements are provided in Section 6.1.5. 

8.3 Laboratory Pollution Prevention Methodology
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The proposed laboratory methodology is outlined in the following figure and the various components of the methodology are discussed in the following subsections.

8.3.1 Planning and Organization

Proper planning and organization is probably the most important step in effectively implementing a pollution prevention evaluation.  The same is true for implementing this laboratory pollution prevention methodology.  

Planning and organization includes:

· Team selection

· Defining objectives

· Establishing timeline

8.3.1.1 Team Selection

The evaluation team needs to be knowledgeable of the following:

· The learning objectives of the laboratory experiment

· Regulatory requirements for proper raw and waste material handling

· The College policy and procedures for proper raw and waste material handling

· Raw material and waste material costs

· Laboratory equipment availability and purchasing costs

· Management’s (department or administration) focus

The evaluation team may consist of the following:

· Department Chairperson

· Scientists-in-Charge

· Laboratory Workers

· Dean

· Coordinating Department

· Facilities Office

· Finance Office

The evaluation team may consist of a single individual or several individuals.  The team members will depend on the laboratory practice or course to be examined.  However, in order to be successful the individual(s) must understand the various elements and must have been empowered by management to undertake this evaluation.  

8.3.1.2 Define Objectives

The project team must have clearly defined objectives.  Establishing definitive objectives will ensure that:

· the project team has been properly staffed

· management and the project team understand the objectives of the project

· management has empowered the project team to undertake the activities and will support the findings of the project team

Management commitment to the goal of pollution prevention is essential for the proper implementation of the teams’ recommendations. 

8.3.2 Develop Evaluation Criteria

The next step is developing the evaluation criteria for the various alternatives.  Criteria to be considered include:

· Teaching objectives

· Raw material needs

· Resources needed

· Waste materials generated

· Cost

· Implementation
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A sample evaluation matrix is presented below. 

Figure 8-3.  Evaluation Criteria Matrix 

This matrix can be used for both the screening of alternatives (Section 8.3.4) and the detailed evaluation of alternatives (Section 8.3.5).  For the screen evaluation the pluses and minuses can be entered into the appropriate cells.  A detailed discussion of each criterion is provided in the following subsections.  The importance of each parameter (i.e., the weighting factor for each parameter) also needs to be determined.  Weighting factors will vary with each situation and should be discussed by the project team.   

8.3.2.1 Teaching Objectives

The fundamental objective of all academic laboratory experiments is to support the lecture syllabus by demonstrating important chemical principles.  In addition, the experiments teach proper and safe laboratory technique.  Therefore, any modifications to experiments must consider how those modifications might impact the experiments’ teaching objectives. 

8.3.2.2 Raw Material Needed

This criterion addresses the characteristic (toxicity, ignitability, etc.), quantity, and cost of the raw materials used in an experiment.  

8.3.2.3 Resources Needed

These criteria address the various resources needed for each experiment.  Resources include, but are not limited to:

· Laboratory equipment (glassware, mixers, instruments, etc.)

· Facility equipment (vented hoods, laboratory sinks, natural gas or other specialty gases, etc.)

· Safety equipment (instrumentation, fire suppression, personal protective equipment, etc.)

· Personnel (special skills and training requirements)

8.3.2.4 Waste Materials Generated

This criteria addresses the physical state (solid, liquid or gas), quantity and characteristics (highly toxic, corrosive, etc.) of the wastes generated by the experiment.  

8.3.2.5 Cost

This criterion address the capital and unit costs associated with an experiment.  Capital costs include, but are not limited to:

· Equipment purchases

· Instrumentation purchases

· Modifications to laboratories to accommodate an experiment

· Textbook or other purchases to support an experiment

Unit costs include, but are not limited to:

· Chemicals and other consumables

· Staff resources (including teaching assistants, stockroom attendants, etc.)

· Waste disposal (solid, hazardous, etc.)

8.3.2.6 Ease of Implementation

This criterion addresses how easily an experiment can be implemented.  It addresses intangibles such as:

· department and administrative acceptance of change

· how easily funding can be obtained to implement changes

· ability to properly and efficiently implement changes

· regulations, laws, policies

8.3.3 Develop Alternatives

The project team will next need to develop a list of potential alternatives for evaluation.  The initial list should include all possible alternatives.  The project team should not evaluate the merits of any alternative during the identification of potential alternatives phase.  

The process of developing alternatives should include two steps:

1. Consider the applicability of the individual pollution prevention techniques described in Section 8.2 relative to the current experiment; and

2. Develop alternatives using combinations of the viable pollution prevention techniques identified in Step 1.

In Step 1, the team can compare the various pollution prevention techniques to the current procedure.  If the project team believes that a technique could possibly be more favorable than the current procedure, then the technique will be considered during the development of alternatives in Step 2.  If the technique is not applicable or obviously less favorable than the current procedure, it is eliminated from further consideration.  This will allow the project team to quickly remove inappropriate techniques from consideration and focus the remaining techniques into viable alternatives.

In Step 2, the potentially applicable techniques are considered individually or in combination to arrive at viable alternatives.  For example, alternatives for evaluation could include: 

(1) chemical substitution of steric acid for acetamide;

(2) substitution of digital, alcohol or oil thermometers for mercury thermometers;

(3) microscaling and/or scaling down experiment;

(4) chemical substitution of steric acid for acetamide and substitution of digital thermometers for mercury thermometers; and

(5) chemical substitution of steric acid for acetamide, substitution of digital thermometers for mercury thermometers, and microscaling experiment.
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Figure 8-4.  Alternative Methods for Pollution Prevention in Laboratories.

The flow diagram in Figure 8-4 presents a methodology for development of alternatives.  The methodology includes an evaluation of each potentially applicable pollution prevention technique.  As indicated, the project team should first focus on source elimination/reduction techniques.  After source elimination/reduction, recycling, treatment, and proper disposal should be considered. In effect, the chart is helping the project team consider each alternative following the USEPA hierarchy of preferred options.

The alternatives should include the current experiment.  The current experimental procedure should also be completely evaluated to determine how chemicals are used, what wastes are generated, and the advantages/disadvantages of the current procedure.  This information will provide a benchmark for comparison to the other alternatives.  (Note: Alternatives may include variations/modifications of the current experiment procedure.)

Several methods can be used to develop this list.  The project team could meet and develop alternatives in a group setting.  Or, each individual could generate a list.  Either way, research will be needed prior to finalizing the list.   The alternatives can then be consolidated, as appropriate.

8.3.4 Screening of Alternatives

The first step in evaluation of the alternatives is to screen the alternatives to eliminate those alternatives that are not feasible for the College, the course, or the laboratory.  In order to effectively screen the alternatives some preliminary information on each alternative will need to be obtained.  This information could include, but is not limited to:

· identify any special chemical or laboratory equipment needs; 

· estimate the raw materials needed;

· estimate the quantity and types of wastes generated; and

· identify special facility needs. 

A qualitative screening of the alternatives can then be performed based on the information and using the evaluation criteria matrix presented in Section 8.3.2 (Figure 8-3).  The purpose of the initial screening is to eliminate those alternatives that can not be implemented.  At the completion of the initial screening only realistic alternatives should be available for consideration.  

An efficient way to screen the alternatives is to compare the alternative to the current procedure.  If the project team believes that the alternative is more favorable than the current procedure, then the alternative remains for consideration during the detailed screening.  If the alternative is deemed to be less favorable than the current procedure, it is eliminated from further consideration.  

8.3.5 Detailed Evaluation of Alternatives

In this stage of the methodology, a detailed evaluation of the alternatives screened in the previous step is conducted.  The detailed evaluation can be used as a fine tuning to determine which possible alternatives might result in the most favorable for pollution prevention.  If, from the initial screening, only one alternative stands out as the most favorable, then this step may be skipped and the team may proceed to the implementation step.

8.3.5.1 Quantitative Evaluation of Alternatives

To properly perform the detailed evaluation of the remaining alternatives the project team will need to develop detailed information on the various alternatives.  The project team should perform this evaluation based on the criteria developed in Section 8.3.2.  Using the detailed information, comparisons can be made using quantitative data or by weighting qualitative data (i.e., ranking 1-5).  It is important that the criteria evaluation is performed in a systematic manner in order that: 

· each alternative be considered properly; and

· the recommendations of the project team can be supported and documented.

Examples on how to assess each criteria quantitatively are presented in Table 8-3.

8.3.5.2 Pilot Test Recommended Alternative

Pilot testing prior to full-scale implantation of an alternative may be appropriate.  Pilot testing will allow the project team to develop real world data and also can assist in making modifications to improve the alternative prior to full-scale introduction.

Pilot testing can also identify fatal flaws in the alternatives.  This way the alternative can be removed from full-scale introduction with minimal disruption to operations.
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Table 8-3.  Quantitative Evaluation of Alternatives

8.3.5.3 Final Screening

If an alternative is pilot tested the project team will want to review the pilot test results.  If the pilot test is consistent with the expected results, the recommended alternative can be implemented in a broader fashion.  If the pilot test results are significantly different than expected, the project team may wish to re-evaluate the alternatives incorporating the additional information.  

8.3.6 Implementation

Full-scale implementation of the recommended alternative will require monitoring and refining as discussed below.

8.3.6.1 Monitor and Evaluation Alternative

The project team will want to monitor the implemented alternative to ensure everything is implemented as intended.  

8.3.6.2 Optimize and Refine Alternative

As necessary, the project team may wish to optimize the implemented alternative based on review of the pilot test results.

8.4  Illustrative Example

8.4.1 Illustrative Example:  First-Year College Chemistry Laboratory Course

The Chemistry Department at the University of Rhode Island collaborated with the implementation of the guideline to consider pollution prevention alternatives in a first-year laboratory course.

8.4.1.1 Planning and Organization

Laboratory course:  

· CHM 114/194

Team members:

· Edwin Li, Graduate Research Assistant, Chemical Engineering Department, University of Rhode Island

· Ben Ruekberg, Chemistry Undergraduate Laboratory Manager, Chemistry Department, University of Rhode Island

· Elmo Resende, Teaching Assistant, Chemistry Department, University of Rhode Island

Team objectives:


· To re-examine the laboratory experiments in the selected course.

· Select experiments that either generate large amount of waste or use/generate hazardous substances.

· Find alternatives for pollution prevention in the selected experiments.

8.4.1.2 Current Laboratory Procedure

Experiment: EQUL376 – Determining the Dissociation Constant of a Weak Acid Using pH Measurements.  Prepared by Donald C. Raney and M.L. Gillette, Chemical Education Resources, 1989.

8.4.1.3 Develop Evaluation Criteria

To evaluate the different alternatives to pollution prevention, the following criteria were used:  educational value, safety risks, input materials, waste materials, cost, resources, ease of implementation, and miscellaneous.  Since the evaluation was performed on alternatives for a current experiment, the first alternative listed in the matrix consisted of the original experiment without any modifications.  The current practice was marked with a “0” to serve as a baseline.  When an alternative was considered and represented a better or worse change, it was marked with a “+” or a “–“ in the matrix, respectively. If the alternative was expected to result in no change or only a slightly different change, a “0” was used in the matrix.  

1. Educational Value:

· Does the experiment demonstrate useful and/or new concepts or techniques to the students?

· Is the level of difficulty appropriate for the students?

· Is the experiment interesting?

2. Safety Risks:

· Are the materials1 hazardous (ignitable, corrosive, reactive, etc.)?

· Are the procedures reasonably safe?

· Are there any incompatible materials?

1”Materials” includes raw materials, intermediates, products, by-products, and wastes.

3. Input Materials:

· Does the experiment require large amounts of raw materials?

4. Waste Materials:

· Does the experiment generate large amount of waste?

5.  Cost:

· Are the input materials expensive?

· Is the disposal cost expensive?

· Will there be extra costs associated with the handling of extremely hazardous waste?

· Will any new equipment be required?

6. Resources:

· Is the laboratory equipment needed readily available?

· Is facility equipment (vented hoods, sinks, gas, etc.) available in the lab?

· Is new/additional equipment reliable (sufficiently robust or easily repaired/replaced)?

· Is special training or supervision required?

7. Ease of Implementation:

· Is the change acceptable to the professor, department and administration?

· Is funding needed and available to implement changes?

· Do the changes comply with laws, regulations and policies?
8. Miscellaneous (Other Considerations):

· Does the experiment produce malodorous substances?

· Does the experiment require controlled substances?

8.4.1.4 Develop Alternatives

The alternatives considered were:

a. Chemical substitution: Chloroacetic acid for formic acid

b. Microscale Experiment: Determination of Ka for a Weak Acid (in Microscale General Chemistry Laboratory, Szafran et al., 1993)

c. Scaling Down: Reducing the volume of unknown acid by a factor of 10.

d. Scaling Down (c) with Chemical Substitution (a).
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Figure 8-5.  Results from the Initial Screening of Pollution Prevention Alternatives

8.4.1.5 Screen Alternatives

Based on the initial screening, the original experiment, along with the microscale (b) and the scaling down with substitution (d) alternatives were selected for the detailed evaluation.

8.4.1.6 Detailed Evaluation of Alternatives

For the quantitative evaluation of the alternatives, each criterion is evaluated with more details (entering specific information or weighing it with a scale from –2 to +2).  The overall or averaged evaluation is entered (selected) on the box at the end of each criterion.  

Similarly to the initial screening, the current practice (original experiment) was also evaluated, and used to compare it with the prospective alternatives.  Table 8-4a, 8-4b, and 8-4c present the matrices which were used to perform the quantitative evaluation of alternatives.  Table 8-4a presents the original experiment (EQUL376 – Determining the Dissociation Constant of a Weak Acid Using pH Measurements), Table 8-4b presents the microscale alternative, and Table 8-4c presents the chemical substitution and scaling down alternative.
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Table 8-4a.  Evaluation of Alternatives – Original Experiment
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Table 8-4a (continued). Evaluation of Alternatives – Original Experiment
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Table 8-4b.  Evaluation of Alternatives – Microscale

Table 8-4b (continued).  Evaluation of Alternatives  - Microscale
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Table 8-4c: Evaluation of Alternatives: Chemical Substitution & Scaling Down
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Table 8-4c (continued): Evaluation of Alternatives: Chemical Substitution and Scaling Down

Table 8-5.  Results from the Detailed Evaluation of Pollution Prevention Alternatives
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Based on the detailed evaluation of the three alternatives shown in table 8-4a, 8-4b, and 8-4c, and summarized in Table 8-5, the alternative with the highest overall score was Scaling Down with Chemical Substitution.  Therefore, this alternative was selected for implementation.  Prior to full-scale implementation, the alternative was pilot tested in one section of the laboratory course.

8.4.1.7 Pilot Test Results

The results from the pilot test were positive.  The experiment was run with no difficulty and the objectives of the exercise were met.  The experiment was performed in groups of two, and each group generated an average of 550 ml of waste (consisting of weak acids and sodium hydroxide).  The waste was generated from the titration experiments and the rinses to wash the glassware (burets and flasks) used in the experiment.  Without the scaling down, the experiment would have generated around 5500 ml of waste.
8.5 pollution prevention tracking

Implementation of this Plan, including a pollution prevention program based on this methodology, is expected to result in improved chemical and biological waste handling in laboratories at the College.   In particular, implementation of such a program should reduce waste generation from laboratories at the College.  While the pollution prevention methodology focuses on waste minimization and pollution prevention, improved waste disposal practices as a result of the other elements of this Plan may result in actual increases in regulated waste disposal from laboratories.

The College plans to implement a laboratory pollution program following implementation of the pilot program.  In addition, the Coordinating Department will implement a waste disposal tracking system that tracks the cost and mass of waste from laboratories.  Waste disposal cost and mass of waste generated will be measured starting from the Fall of 1999.  The change in disposal costs over the time will be tracked in a manner that will allow for evaluation of what causes the cost and mass to increase and/or decrease over time.

8.6 References and Resources

General References

Laboratory Waste Management, A Guidebook; ACS Task Force on Laboratory Waste Management; American Chemical Society, Washington DC, 1994.

Pollution Prevention and Waste Minimization in Laboratories; Reinhardt, PA, Leonard, KL, Ashbrook; CRC Lewis Publishers, Boca Raton, FL, 1996.

Environmental Management Guide for Small Laboratories; United States Environmental Protection Agency; Office of Small Business Ombudsman, Washington DC, 1998.
References on Microscale Experiments / Scaling Down Experiments

National Microscale Chemistry Center (NMC2) at Merrimack College
http://host.silvertech.com/microscale/index.html
Australian Microscale Chemistry Center
http://apamac.ch.adfa.oz.au/AMCC/
Microscale Project at the Dreyfus/Woodrow Wilson Summer Institute  http://www.cci.unl.edu/Chemistry/MicroScale/MicroScale.html
Ehrenkranz, D.F. (1993)  Chemistry in microscale:  a set of microscale laboratory experiments.  Dubuqe, Iowa:  Kendall/Hunt Pub. Co.

Mayo, D.W., Pike, R.M., Trumper, P.K., and Fickett, P.M.  (1994)  Instructor’s Manual, Microscale Techniques for the Organic Laboratory.  Third edition,  John Wiley and Sons, New York.

Singh, M.M., Pike, R.M., Szafran, Z.  (1995)  Microscale & Selected Macroscale Experiments for General & Advanced General Chemistry – An Innovative Approach.    First edition, John Wiley and Sons, New York.

Szafran, Z., Pike, R.M., Singh, M.M.  (1991)  Microscale Inorganic Chemistry, A Comprehensive Laboratory Experience.  John Wiley and Sons, Inc.

Thompson, H. S. (1989)  Chemtrek-Small Scale Experiments for General Chemistry, 1/e.  Prentice Hall.

Waterman, E.L.  (1993)  Small Scale Chemistry Laboratory Manual.  Menlo Park, CA:  Addison-Wesley Publishing Co.

Wilcox, C.F., Wilcox, M.F.  (1994)  Experimental Organic Chemistry:  A Small Scale Approach, 2/e.  Prentice Hall.
References on Alternative Teaching Methods

Chemistry-Software dot com

http://www.chemistry-software.com/
Chemistry Software at NERSC

http://hpcf.nersc.gov/software/apps/chemistry/
ChemSW, Chemistry Software for Windows

http://www.chemsw.com/
Model Science Software

http://modelscience.com
Newbyte Educational Software

http://www.newbyte.com/chem.htm
Software for Chemistry

http://www.compuchem.com/select.htm
Laboratory Treatment of Chemicals References

Armour, M.A.  (1991)  Hazardous Laboratory Chemicals Disposal Guide.  CRC Press.

Foust, D.F.  (1984)  Recovery of Silver and Cobalt from Laboratory Waste, Journal of Chemical Education, 64:924.

Lunn, G. and Sanson, E.B.  (1990)  Destruction of Hazardous Chemicals in the Laboratory.  Wiley-Interscience

McKusick, B.C.  (1986)  Procedures for Laboratory Destruction of Chemicals, Journal of Chemical Education, 61:A152.

Laboratory Waste Handling References

ACS Task Force on Laboratory Waste Management (1994).  Laboratory Waste Management, A Guidebook, American Chemical Society, Washington, DC.

Müller, K.R. (ed.) (1985).  Chemical Waste Handling and Treatment, Springer-Verlag, New York.

US Environmental Protection Agency (1998).  Environmental Management Guide for Small Laboratories,  Office of Small Business Ombudsman, US EPA, Washington, DC.

9.0 implementation and metrics

By implementing the Plan, the College will realize several benefits, including the following: 

· Improving compliance with environmental regulations regarding laboratory waste; 

· Standardizing and communicating laboratory waste management procedures;

· Monitoring performance to ensure that procedural requirements are met;

· Establishing mechanisms to continuously improve laboratory waste management;

· Eliminating or controlling potentially disastrous environmental risk and long-term liability; and 

· Improving and protecting the College’s public image.

In accordance with the roles and responsibilities identified in Section 3.0 of this Plan, the Coordinating Department and the Laboratory Waste Management Committee share responsibility for implementation of this Plan. 

The Implementation Plan is presented in two categories:

Short-term items that should be implemented first.  These items represent actions that will provide immediate benefit, actions that are needed to address serious laboratory waste management shortcomings, or actions that must be performed before subsequent items can be addressed.  These items should be addressed within six months.

Long-Term items include actions that are dependent on completion of other items first or will require significant time and/or energy to complete.  These items typically address improvements to the laboratory waste management system that increase reliability and efficiency.  These items should be addressed over the next five years.

The implementation schedule has been provided as Figure 9-1. 

9.1 Short-term Items

Short-term implementation items include:

· Formation of the Laboratory Waste Management Committee for the purpose of implementing the Laboratory Waste Management Plan. 

· Implementation of the laboratory waste management procedures.

· Implementation of the laboratory waste management training program and tracking.

· Printing of Laboratory Waste Guidebook, waste labels and forms.

· Distribution of the Laboratory Waste Management Guidebook.

· Continuation of the Pollution Prevention Methodology pilot program.

· Implementation of the waste tracking program.

9.2 Long-Term Items

The long-term implementation items include:

· Maintenance and continual improvement of the Plan.

· Implementation of an annual laboratory inspection program.

· Implementation of a laboratory pollution prevention program. 

· Maintenance and continual improvement of the laboratory waste training program.

· Maintenance and continual improvement of the laboratory waste tracking program.

9.3 Plan Review

The Plan will be reviewed periodically as part of the overall program evaluation and updated as appropriate to address changed conditions or strategic focus.

10.0 DEFINITIONS, Acronyms and websites

Key regulatory definitions and acronyms are listed herein, along with references to useful web sites for additional information on College waste management, federal and state regulations, and chemical characteristics.  

10.1 Definitions

Most of these definitions were obtained from the federal regulations cited previously.  Those terms not specifically defined in the regulations are defined here as they are used in this module.

Acute or Acutely Hazardous Waste (AHW) ( Any waste listed under 40 CFR 261.31 - 33 with a hazard code of “H.”  These include EPA hazardous waste numbers F020, F021, F022, F023, F026, and F027 (see Table 2 in Appendix A) and all P-listed wastes (see Table 4 in Appendix A).

Biological Waste - any waste that is potentially biohazardous, infectious, or pathological including any waste generated in research pertaining to human beings or animals.  Biological waste includes sharp materials (sharps) that may have been used in biological research.  Biological waste also includes any waste considered “Regulated Medical Waste” by the State of Rhode Island.

Conditionally Exempt Small Quantity Generator (CESQG) ( A generator that produces less than 100 kg/month of hazardous waste and less than 1 kg/month of AHW (40 CFR 261.5).

Container ( Any portable device in which a material is stored, transported, treated, disposed of, or otherwise handled (40 CFR 260.10).

Disposal ( The discharge, deposit, injection, dumping, spilling, leaking, or placing of any solid waste or hazardous waste into or on any land or water so that such solid waste or hazardous waste or any constituent thereof may enter the environment or be emitted into the air or discharged into any waters, including ground waters (40 CFR 260.10).

Disposal Facility ( A facility or part of a facility at which hazardous waste is intentionally placed into or on any land or water and at which the waste will remain after closure.  The term disposal facility does not include a CAMU into which remediation wastes are placed (40 CFR 260.10).

Facility ( All contiguous land, structures, and other appurtenances, as well as improvements on the land, used for treating, storing, or disposing of hazardous waste.  A facility may consist of several treatment, storage, or disposal operational units (e.g., 1 or more landfills, surface impoundments, or combinations of them).  For the purpose of implementing corrective action under 40 CFR 264.101, facility means all contiguous property under the control of the owner or operator seeking a permit under Subtitle C of RCRA.  This definition also applies to facilities implementing corrective action under RCRA Section 3008(h) (40 CFR 260.10).

Generator ( Any person, by site, whose acts or processes produce hazardous waste identified or listed in 40 CFR 261 or whose act first causes a hazardous waste to become subject to regulation (40 CFR 260.10).  For the purposes of this Plan, the use of the term generator refers to the College.

Hazardous Chemical – any chemical which is a physical or health hazard (29 CFR 1910.1200)

Hazardous Waste – A waste that is classed as hazardous either by being specifically listed in the regulations or by exhibiting one or more of the characteristics of a hazardous waste (40 CFR 261.1 (c) and Rule 3.32 of the Rhode Island hazardous waste regulations).

Laboratory Hazardous Waste Accumulation Area/ Satellite Accumulation Area ( An area located at or near the point of generation of waste in a laboratory, where up to 55 gallons of hazardous waste or 1 quart of acutely hazardous waste can be accumulated.  Once these limits are reached, the waste must be transferred to the main hazardous waste accumulation point or sent off-site for treatment, storage, or disposal within 3 days.  The 90-day clock at the hazardous waste accumulation point begins on the day that the applicable quantity limit is reached (See Less Than 90 (< 90) Day Storage Area) (40 CFR 262.34(c)).

Less Than 90 (< 90) Day Storage Area ( A designated area where hazardous waste is temporarily stored in tanks or containers for 90 days or less at a facility (40 CFR 262.34). 

Manifest ( The shipping document designated as EPA Form No. 8700-22 and, if necessary, EPA Form No. 8700-22A, or the state equivalents, originated and signed by the generator in accordance with the instructions included in the Appendix to 40 CFR 262 (40 CFR 260.10).

Manifest Document Number ( The 12-digit EPA ID number assigned to the manifest plus a unique 5‑digit document number assigned to the manifest by the generator for recording and reporting purposes (40 CFR 260.10).

Material Safety Data Sheet (MSDS) – document displaying the chemical identity , CAS number if applicable, toxicity, incompatibility, disposal data, and the other physical and chemical properties associated with a chemical as well as the appropriate safety procedures to be implemented in case of release and/or human exposure.  The document is prepared by the manufacturer, distributor, or importer of the chemical.

On-site ( The same or geographically contiguous property.  This property may be divided by a public or private right-of-way, provided that access between the separate portions is provided by crossing directly as opposed to going along the right-of-way.  Noncontiguous properties owned by the same person but connected by a right-of-way that he/she controls and to which the public does not have access are also considered on-site property (40 CFR 260.10).

Pharmaceutical Waste – Any waste substance that is listed on the schedules of controlled substances in 21 CRF 1308 is considered a pharmaceutical waste.

Small Quantity Generator (SQG) ( A generator that produces hazardous waste in quantities of more than 100 kg/month but less than 1,000 kg/month (40 CFR 262.34(d) and 262.44).

Storage ( The holding of hazardous waste for a temporary period, at the end of which the hazardous waste is treated, disposed of, or stored elsewhere (40 CFR 260.10).

Transporter ( A person engaged in the off-site transportation of hazardous wastes by air, rail, highway, or water (40 CFR 260.10).

Treatment ( Any method, technique, or process (including neutralization) designed to change the physical, chemical, or biological character or composition of any hazardous waste for any of the following reasons (40 CFR 260.10):

· to neutralize such waste;

· to recover energy or material resources from the waste;

· to render such waste non-hazardous or less hazardous; safer to transport, store, or dispose of; or amenable for recovery or storage; or

· to reduce such waste in volume.

10.2 List of Acronyms

ACM
Asbestos-Containing Material

AHW
Acute or Acutely Hazardous Waste

ASTM
American Society of Testing and Materials

CAA
Clean Air Act

CAS
Chemical Abstracts Service

CERCLA
Comprehensive Environmental Response, Compensation, and Liability Act

CESQG
Conditionally Exempt Small Quantity Generator

CFR
Code of Federal Regulations

CWA
Clean Water Act

DOE
U.S. Department of Energy

DOT
U.S. Department of Transportation

EP
Extraction Procedure

EPA
U.S. Environmental Protection Agency

GMP
Good Management Practice

HAZWOPER
Hazardous Waste Operations and Emergency Response

HM
Hazardous Materials

HSWA
Hazardous and Solid Waste Amendments of 1984

HW
Hazardous Waste

ID No.
Identification Number

LDR
Land Disposal Restriction

LQG
Large Quantity Generator

MSDS
Material Safety Data Sheet

NFPA
National Fire Protection Association

NPDES
National Pollution Discharge Elimination System

NPL
National Priorities List

NRC
National Response Center

PCB
Polychlorinated Biphenyl

pH
Presence of Hydrogen

ppm
part(s) per million

ppmw
part(s) per million by weight

POTW
Publicly-Owned Treatment Works

QA/QC
Quality Assurance/Quality Control

qt
quart(s)

RCRA
Resource Conservation and Recovery Act

RIDEM
Rhode Island Department of Environmental Management

sec
second(s)

SIC
Standard Industrial Classification

SPCC Plan
Spill Prevention, Control, and Countermeasure Plan

SQG
Small Quantity Generator

TCLP
Toxic Characteristic Leaching Procedure

TSCA
Toxic Substances Control Act

TSD
Treatment, Storage, and Disposal (facility)

USEPA
United States Environmental Protection Agency

USPS
United States Postal Service

VOC
Volatile Organic Compound

10.3 Websites

[Insert your College’s Website Addresses]

University of Rhode Island

URI Department of Safety and Risk Management  

http://www.uri.edu/safety/

URI Radiation Safety Office 

http://www.uri.edu/research/rso/

Regulatory Agencies

Rhode Island Department of Environmental Management

http://www.state.ri.us/dem/

EPA Laws and Regulations

http://www.epa.gov/epahome/rules.html

National Institute for Occupational Safety and Health

http://www.cdc.gov/niosh/homepage.html

MSDSs/Chemical Information

International Chemical Safety Cards

http://www.cdc.gov/niosh/ipcs/ipcsname.html

MSDS Search

http://www.msdssearch.com/

Chemical Compatibility 

EPA Method for Determining the Compatibility of Chemical Mixtures - Chemical Compatibility Chart

http://www.unl.edu/environ/hazard/compchrt.htm

Incompatibility of Common Laboratory Chemicals

http://www.orcbs.msu.edu/chemical/agricultural/incompatible.html

Laboratory Safety

Office of Laboratory Safety of the Howard Hughes Medical Institute

http://www.hhmi.org/science/labsafe/

Links to Safety Sites on the Internet

http://www.hazard.com/links.html

Appendix A

Listed Wastes

Appendix B

Standard Operating Procedures

Appendix C

Incompatible Materials 

Appendix D

Training Matrix 

And 

Training Tracking

Roles
Class Number


1
2
3
4
5

Laboratory Waste Management Committee
(
(




Coordinating Department Staff
(
(

(


Laboratory Safety Officers
(
(

(
(

Department Chairpersons
(
(




Scientist-in-Charge
(
(




Laboratory Workers
(
(




Students


(



Facility Personnel
(
(




Key:

Class 1 - Environmental Awareness/ Initial Waste Management

Class 2 - Annual Waste Management Refresher

Class 3 - Waste Management for Students
Class 4 - Emergency Spill Response

Class 5 – DOT

Course Descriptions

Class 1 - Environmental Awareness/ Initial Waste Management

This class provides basic environmental awareness training, which outlines procedures and responsibilities, and the importance of proper waste handling.  This class includes labeling procedures, containment methods, hazard recognition, waste collection procedures, and emergency response.  This class is mandatory for College personnel who could potentially handle laboratory chemical and/or biological waste.  This course includes the training requirements specified in 40 CFR 262.34(d)(5)(iii) and 29 CFR 1910.1450(f). 

This course must be completed within 30 days of working in a laboratory where chemical or biological waste could be generated.  This course will be offered monthly by the Coordinating Department.

Class 2 - Annual Waste Management Refresher

All College personnel who potentially handle laboratory chemical or biological waste must attend annual training to refresh the material learned in the initial waste management class.  This course is the same as Class 1 and is offered monthly.

Class 3 - Waste Management for Students

This class is similar in content to Class 1 but is focused towards laboratory students.  The class provides basic environmental awareness training and outlines academic laboratory procedures and responsibilities, and the importance of proper waste handling.  Training for graduate and undergraduate students in academic laboratories is the responsibility of the Scientist-in-Charge of the laboratory.  If appropriate this responsibility can be delegated to teaching assistants.  Student training will take place at the beginning of each laboratory course or as new students enter a class.

Class 4 - Emergency Spill Response

All laboratory personnel have a role in emergency and spill response.  The Coordinating Department employees responsible for coordinating response to spills will receive training on the College’s emergency plan.  Those with minimal exposure to emergencies (most laboratory personnel) will receive awareness training in the waste management class.  This course will be offered annually or as needed.

Class 5 – DOT

Coordinating Department personnel who prepare waste for transportation must be trained on waste hazards, proper label techniques, and waste handling.  This course includes the training requirements specified in 49 CFR 172.700-704.  This course will be offered annually or as needed.

Frequency of Training Offering
Class Number


1
2
3
4
5

Monthly
(
(




Annually



(
(

Beginning of a laboratory course or as needed


(



Program Roll-Out

· Department Chairpersons provide a list of existing Scientists-in-Charge and Facility Personnel to the Coordinating Department.

· Scientists-in-Charge provide a list of existing Laboratory Workers to the Coordinating Department.

· Members of the Laboratory Waste Management Committee are identified.

· Coordinating Department Laboratory Safety Officers are identified.

· The Coordinating Department assembles a list of the existing paid lab personnel.

· All existing paid lab personnel receive Class 1 training within 30 days of program initiation.

On-Going Activities

· Any changes to the Committee and the Laboratory Safety Officers are transmitted to the Coordinating Department on an on-going basis, along with the date of their first day in the lab.

· Department Chairpersons provide the Coordinating Department with names of new Scientists-in-Charge and Facility Personnel, along with the date of their first day in the lab.

· The Scientists-in-Charge provide the Coordinating Department with names of new Laboratory Workers, along with the date of their first day in the laboratory.

· All new paid lab personnel receive Class 1 training within 30 days of their first day in the lab.

· After their first year in the lab, all paid lab personnel receive Class 2 training annually.

· All Coordinating Department personnel and Laboratory Safety Officers receive Class 4 training annually.

· All Laboratory Safety Officers receive Class 5 training annually.

· Members of the Committee, Department Chairpersons, Facility Personnel and Laboratory Safety Officers provide the Coordinating Department with the training information for themselves and the personnel for whom they are responsible.

· The Scientists-in-Charge provide the Coordinating Department with names of new Laboratory Workers, along with the date of their first day in the lab.

Each Semester

· At the beginning of each semester, the Scientists-in-Charge provide the Coordinating Department with lists of their lab Students.

· Within 30 days of the beginning of the semester, all lab Students receive Class 3 training.

· Scientists-in-Charge provide the Coordinating Department will their Class 3 attendance lists and the number of students trained. 

Insert Training Tracking System spreadsheets here – see file “generic training schedule.xls”
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EQUL376 - Determining the Dissociation Constant of a Weak Acid Using pH Measurements (Raney and Gillette, 1989)
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Hazard Characteristics
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Constant of a Weak Acid Using pH…
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EQUL376 - Determining the Dissociation Constant of a Weak Acid Using pH Measurements (Raney and Gillette, 1989)
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Concentration

Qty.

Units

(see Input)

410

ml

Waste Materials

-2

-1

0

+1

+2

High

Low

Type

-2

-1

0

+1

+2

-2

-1

0

+1

+2

-2

-1

0

+1

+2

-2

-1

0

+1

+2

Personnel

-2

-1

0

+1

+2

Equipment

-2

-1

0

+1

+2

Disposal

-2

-1

0

+1

+2

-2

-1

0

+1

+2

Other

-2

-1

0

+1

+2

Cost

-2

-1

0

+1

+2

High

Low

Educational Value

Evaluation

1. Importance and usefulness of concepts and techniques to the students

2. Level of difficulty 

For 10 students, minimum waste volume is 410 ml (corrosive)



Acids and bases (see Input)



Acetic acid

Sodium hydroxide

Chloroacetic acid

Sodium bisulfite

Waste Materials (generated from 10 students)

Quantity

Name

Purpose/Step

ml

sodium bisulfite

160

Sodium hydroxide

Used in tritation of unknown acids

Chloroacetic, acetic acid, 

1 M

Used as "unknown" acid

Input Materials (required for 10 students)

Quantity

Name

Purpose/Step

Sodium bisulfite, 1M

Used as "unknown" 

Sodium hydroxide, 0.5M

Used for titration of unknown acids

Chloroacetic acid, 1M

Used as "unknown", 

formic acid substitution

Acetic acid, 1M

Used as "unknown"

Hazard Characteristics

2

Safety Risks

Cost

-2 (HIGH)   -1   0   +1   +2 (LOW)

Cost of Implementation

Description 

1

Collected from titrations

Name, Concentration

Purpose/Step

3

Materials

1
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-2

-1

0

+1

+2

Facility

-2

-1

0

+1

+2

Safety

-2

-1

0

+1

+2

Personnel

-2

-1

0

+1

+2

Other

-2

-1

0

+1

+2

Availability of 

-2

-1

0

+1

+2

Resources

Low

High

Department and administrative acceptance of change

-2

-1

0

+1

+2

Funding necessary to implement changes

-2

-1

0

+1

+2

Regulations and policies required for implementation

-2

-1

0

+1

+2

Other

-2

-1

0

+1

+2

Ease of 

-2

-1

0

+1

+2

Implementation

Low

High

Ease of Implementation

-2 (DIFFICULT)   -1   0   +1   +2 (EASY)



Availability

-2 (LOW)   -1   0   +1   +2 (HIGH)

Fume hoods

Resources

Description 



Glassware, chemicals, etc

Storage for chemicals, hoods, etc.
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WASTE MATERIALS
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COSTS

Better (+)   Same (0)   Worse (-)

RESOURCES

Better (+)   Same (0)   Worse (-)

EASE OF IMPLEMENTATION

Better (+)   Same (0)   Worse (-)

MISCELLANEOUS

Better (+)   Same (0)   Worse (-)

EQUL376-Evaluating the Dissociation

Constant of a Weak Acid Using pH…

a.  Chemical Substitution:

Chloroacetic Acid for Formic Acid

b.  Microscale:

Exp. 18 in Szafran 

et al., 1993

c.  Scaling Down:

Reducing acid volume by a factor of 10

d.  Scaling Down (c) and

Chemical Substitution (a)

1

 More distinct pKa from the other acids used

2 

Use of phenolphtalein

3 

Microburets and pH meters

-

3

-

3

0

0

0

-

2

+

+

+

0
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EQUL376 - Determining the Dissociation Constant of a Weak Acid Using pH Measurements (Raney and Gillette, 1989)

ALTERNATIVE:

Microscale - Determination of K

a 

for a Weak Acid (Szafran et al., 1993)

-2

-1

0

1

2

Very Low

High

Very High

-2

-1

0

1

2

Not appropriate

Acceptable

Challenging

3. Interesting experiment/technique

-2

-1

0

1

2

Not interesting

OK

Very interesting

Educational Value

-2

-1

0

+1

+2

Low

High

I

P

I

C

R

T

Oth

L

x

x

x

x

x

x

Safety Risks

-2

-1

0

+1

+2

High

Low

1

 Define if the material is an input and intermediate material (I), or a product/by-product (P)

2 

Identify the material's hazard characteristics (See Section 5.1).  I (Ignitable), C (Corrosive), R (Reactive), T(Toxic), Oth(Other), L(Listed)

3

 Describe the purpose of the material or the step in which it is used 

Name

Concentration

Purpose/Step

Qty.

Units

Used as "unknown"

200

mg

0.1 M

?

?

Used as indicator

10

drops

Input Materials

-2

-1

0

+1

+2

High

Low

Concentration

Qty.

Units

155

ml

Waste Materials

-2

-1

0

+1

+2

High

Low

Chemical

-2

-1

0

+1

+2

-2

-1

0

+1

+2

Phenolphtalein

-2

-1

0

+1

+2

Personnel

-2

-1

0

+1

+2

Equipment

-2

-1

0

+1

+2

-2

-1

0

+1

+2

-2

-1

0

+1

+2

Disposal

-2

-1

0

+1

+2

Other

-2

-1

0

+1

+2

Cost

-2

-1

0

+1

+2

High

Low

Microburets

Cost

-2 (HIGH)   -1   0   +1   +2 (LOW)

Cost of Implementation

Description 

1

Sodium hydroxide

Unknown weak acid

Used as "unknown"

Used for titration of unknown acid

Unknown acid

Sodium hydroxide

Phenolphtalein

Used for titration of unknown acid

Acid, base, indicator, water

Electrode pH meters

Accurate digital balance (milligrams)

For 10 students, minimum waste volume is 155 ml (corrosive)

Collected from titrations

Name

Purpose/Step

Input Materials (required for 10 students)

Quantity

Waste Materials (generated from 10 students)

Quantity

Phenolphtalein

Used as indicator





Unknown acid

Sodium hydroxide, 0.1 M

Safety Risks

Materials

1

Hazard Characteristics

2

Name, Concentration

Purpose/Step

3

Educational Value

Evaluation

1. Importance and usefulness of concepts and techniques to the students

2. Level of difficulty 
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Waste Generated
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Implementation

[image: image24.wmf]Source Elimination /

Reduction

(Section 8.2.2)

Substitution?

Microscale 

Scale Down

Alternative

Methods?

Recycling / Reuse

(Section 8.2.3)

 Unused material?

Redistribution

Chemical 

Recovery?

Treatment of

By-Products

(Section 8.2.4)

Neutralization?

 Other

  Methods?

Waste Disposal

(Section 8.2.5)

Hazardous

Waste?

Non-Hazardous

Waste

Disposal

Hazardous Waste

Disposal

Source elimination/reduction

 is the preferred

approach for pollution prevention.  It reduces

the need for “end-of-pipe” environmental

control.

Chemical substitution

 involves the substitution

of hazardous chemicals with non-hazardous

(or less hazardous) chemicals.

Microscale experiments

 and 

scaling down

reduces the amount of waste generation.

Alternative teaching methods

 include

computer simulations, and in-class

demonstrations.

When source reduction is not

possible the next option is

recycling, refining, or recovering

by-products for reuse.

Redistribution

 of chemicals

minimizes waste and provides

more space for storage.

Chemical recovery

 (e.g. solvent

recovery) can be incorporated into

laboratory practices.

Treatment 

generally applies to

efforts to make experimental by-

products less hazardous before

they are declared as “wastes” for

disposal.

Neutralization

 (adjusting the pH to

a range between 6 and 9) is the

most common method.

Other methods

 include separation,

fixation, oxidation, and

precipitation.

Proper handling and disposal

 of

laboratory waste require accurate

identification and classification of

the waste generated.

Segregation of wastes

 is important

for safety legal, and pollution

prevention reasons.

Proper labeling and storage

 are

essential when collecting waste.

Disposal of hazardous wastes

must be performed in compliance

with applicable (federal, state, and

local) regulations.
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1.
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Meets Objectives

1

2

3

4

5

No

Yes

Raw Materials Needed

Name

Quantity

Purpose

I

C

R

T

Oth

Total

1

2

3

4

5

High

Low

1 Identify the material's hazard characteristics (See Section 5.1).  I (ignitable), C (corrosive), R (reactive), T(toxic), O(Other).  

Resources Needed

Laboratory

Facility 

Safety 

Personnel 

1

2

3

4

5

1

2

3

4

5

1

2

3

4

5

1

2

3

4

5

Availability

1

2

3

4

5

Low

High

Waste Generated

Name

Quantity

Step/Origin

I

C

R

T

Oth

S

G

L

Total

1

2

3

4

5

High

Low

1  

Identify the waste's hazard characteristics (See Section 5.1).  I (ignitable), C (corrosive), R (reactive), T(toxic), O(Other).  

2

 Describe if waste is solid (S), gaseous (L), or liquid/aqueous (L)

Cost

Cost

Capital Cost

Chemicals

Personnel

Disposal

Other

Total

1

2

3

4

5

High

Low

Ease of Implementation

Department and administrative acceptance of change

1

2

3

4

5

Funding necessary to implement changes

1

2

3

4

5

Regulations and policies required for implementation

1

2

3

4

5

Ability to properly and efficiently implement changes

1

2

3

4

5

Other

1

2

3

4

5

Ease

1

2

3

4

5

Difficult

Easy

Are objectives met?

[1 (NO) - 5 (YES)]

Description

Laboratory Waste

Hazard Characteristics

1

Physical State

4

Cost of Implementation

Availability

[0 (LOW) - 5 (HIGH)]

Criteria

Teaching Objectives

[1 (DIIFICULT) - 5 (EASY)]

Raw Materials

Hazard Characteristics

1

Resources Needed 

Other
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		5.  Scaling Down I and		+				0				+				+				+				0				+				0
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		Reducing acid volume by a factor of 10
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		2 Use of phenolphtalein

		3 Microburets and pH meters





EQUL441

		

		ALTERNATIVES		EDUCATIONAL VALUE		Better (+)   Same (0)   Worse (-)		SAFETY RISKS		Better (+)   Same (0)   Worse (-)		INPUT MATERIALS		Better (+)   Same (0)   Worse (-)		WASTE MATERIALS		Better (+)   Same (0)   Worse (-)		COSTS		Better (+)   Same (0)   Worse (-)		RESOURCES		Better (+)   Same (0)   Worse (-)		EASE OF IMPLEMENTATION		Better (+)   Same (0)   Worse (-)		MISCELLANEOUS		Better (+)   Same (0)   Worse (-)

		EQUL441-Evaluating the Equilibrium		0				0				0				0				0				0				0				0
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		Scale Down:		+1				0				+				+				+				0				+				0
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		EQUL376-Evaluating the Dissociation		0				-1				-2				-2				0				0				0

		Constant of a Weak Acid Using pH…

		Microscale:		0				-1				+2				+2				-1				-1				-1
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		Alternartive				Meets Teaching Objectives				Raw Material Needs				Resources Needed				Waste Generated				Cost				Implementation

		Source Elimination/

		Reduction

		Chemical Substitution

		Scale Down Experiments

		Microscale Experiments

		Alternative Teaching

		Methods

		Material Management

		Recycle/Reuse

		Chemical Redistribution

		Recycle/Reuse





Sheet2

		APPENDIX

		Detailed Evaluation Matrix

		Meets Teaching Objectives

																		Are objectives met?

				Teaching Objectives														[1 (NO) - 5 (YES)]

				1.														1		2		3		4		5

				2.														1		2		3		4		5

		Meets Objectives		1		2		3		4		5

				No								Yes

		Raw Materials Needed

				Raw Materials														Hazard Characteristics1

				Name		Quantity		Purpose										I		C		R		T		Oth

		Total		1		2		3		4		5

				High								Low

		1 Identify the material's hazard characteristics (See Section 5.1).  I (ignitable), C (corrosive), R (reactive), T(toxic), O(Other).

		Resources Needed

				Resources Needed														Availability

				Laboratory		Facility		Safety		Personnel		Other						[0 (LOW) - 5 (HIGH)]

																		1		2		3		4		5

																		1		2		3		4		5

																		1		2		3		4		5

																		1		2		3		4		5

		Availability		1		2		3		4		5

				Low								High

		Waste Generated

				Laboratory Waste										Hazard Characteristics1										Physical State4

				Name		Quantity		Step/Origin						I		C		R		T		Oth		S		G		L

		Total		1		2		3		4		5

				High								Low

		1  Identify the waste's hazard characteristics (See Section 5.1).  I (ignitable), C (corrosive), R (reactive), T(toxic), O(Other).

		2 Describe if waste is solid (S), gaseous (L), or liquid/aqueous (L)

		Cost

				Cost of Implementation

				Description								Cost

				Capital Cost

				Chemicals

				Personnel

				Disposal

				Other

		Total		1		2		3		4		5

				High								Low

		Ease of Implementation

				Criteria														[1 (DIIFICULT) - 5 (EASY)]

				Department and administrative acceptance of change														1		2		3		4		5

				Funding necessary to implement changes														1		2		3		4		5

				Regulations and policies required for implementation														1		2		3		4		5

				Ability to properly and efficiently implement changes														1		2		3		4		5

				Other														1		2		3		4		5

		Ease		1		2		3		4		5

				Difficult								Easy
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Figure 8-2. Laboratory Pollution Prevention Methodology












_1027955816.doc


Disposal







Source Elimination and Reduction







Recycling and Reuse







Treatment







Figure 8-1: Pollution Prevention Hierarchy
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		Alternartive				Meets Teaching Objectives				Raw Material Needs				Resources Needed				Waste Generated				Cost				Implementation

		Source Elimination/

		Reduction

		Chemical Substitution

		Scale Down Experiments

		Microscale Experiments

		Alternative Teaching

		Methods

		Material Management

		Recycle/Reuse

		Chemical Redistribution

		Recycle/Reuse





Matrix1

		EXPERIMENT:		__________________________________________________________________

		ALTERNATIVE:		__________________________________________________________________

		Educational Value														-2 (Decrease)   -1   0   +1   +2 (Increase)

		1. Demonstration of useful and/or new concepts/techniques to the students														-2		-1		0		1		2

		2. Level of difficulty														-2		-1		0		1		2

		3. Interesting experiment/technique														-2		-1		0		1		2

																Educational Value						-2		-1		0		+1		+2

																						Decrease				No Change				Increase

		Safety Risks														Materials1						Hazard Characteristics2

		Name, Concentration				Purpose/Step3										R		I		P		I		C		O		R		T		Oth

																		Safety Risks						-2		-1		0		+1		+2

																								High								Low

		1 Define if the material is a raw material or input (R), intermediate (I), or a product/by-product (P)

		2 Identify the material's hazard characteristics (See Section 2.5.1).  I (ignitable), C (corrosive), Oxidizing (O), R (reactive), T(toxic), Oth(Other).

		3 Describe the purpose of the material or the step in which it is used

		Input Materials																				Quantity

		Name				Concentration		Purpose/Step														Qty.		Units

																		Input Materials						-2		-1		0		+1		+2

																								High								Low

		Waste Materials																				Quantity

		Name				Concentration		Purpose/Step														Qty.		Units

																		Waste Materials						-2		-1		0		+1		+2

																								High								Low

		Cost of Implementation																				Cost

		Chemicals

		Personnel

		Equipment

		Disposal

		Other

																		Cost						-2		-1		0		+1		+2

																								High Cost								Low Cost

		Resources														Availability

		Description 1														-2 (LOW)   -1   0   +1   +2 (HIGH)

		Laboratory														-2		-1		0		+1		+2

		Facility														-2		-1		0		+1		+2

		Safety														-2		-1		0		+1		+2

		Personnel														-2		-1		0		+1		+2

		Other														-2		-1		0		+1		+2

																		Resources						-2		-1		0		+1		+2

																								Not								Readily

		1 Catergorize and describe the resource(s) needed																						Available								Available

		Ease of Implementation														-2 (DIFFICULT)   -1   0   +1   +2 (EASY)

		Department and administrative acceptance of change														-2		-1		0		+1		+2

		Funding necessary to implement changes														-2		-1		0		+1		+2

		Regulations and policies required for implementation														-2		-1		0		+1		+2

		Other														-2		-1		0		+1		+2

																		Ease of						-2		-1		0		+1		+2

																		Implementation						Difficult								Easy
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Matrix2

		EXPERIMENT:

		ALTERNATIVE:

		Educational Value														Evaluation

		1. Importance and usefulness of concepts and techniques to the students														-2		-1		0		+1		+2

																Very Low				High				Very High

		2. Level of difficulty														-2		-1		0		+1		+2

																Not appropriate				Acceptable				Challenging

		3. Interesting experiment/technique														-2		-1		0		+1		+2

																Not interesting				OK				Very interesting

																		Educational Value						-2		-1		0		+1		+2

																								Low								High

		Safety Risks														Materials1				Hazard Characteristics2

		Name, Concentration				Purpose/Step3										I		P		I		C		R		T		Oth		L

																		Safety Risks						-2		-1		0		+1		+2

																								High								Low

		1 Define if the material is an input and intermediate material (I), or a product/by-product (P)

		2 Identify the material's hazard characteristics (See Section 2.5.1).  I (Ignitable), C (Corrosive), R (Reactive), T(Toxic), Oth(Other), L(Listed)

		3 Describe the purpose of the material or the step in which it is used

		Input Materials (required for ___ students)																				Quantity

		Name				Concentration		Purpose/Step														Qty.		Units

																		Input Materials						-2		-1		0		+1		+2

																								High								Low

		Waste Materials (generated from ___ students)																				Quantity

		Name				Concentration		Purpose/Step														Qty.		Units

																		Waste Materials						-2		-1		0		+1		+2

																								High								Low

		Cost of Implementation														Cost

		Description														-2 (HIGH)   -1   0   +1   +2 (LOW)

		Chemicals														-2		-1		0		+1		+2

																-2		-1		0		+1		+2

																-2		-1		0		+1		+2

		Personnel														-2		-1		0		+1		+2

		Equipment														-2		-1		0		+1		+2

																-2		-1		0		+1		+2

		Disposal														-2		-1		0		+1		+2

																-2		-1		0		+1		+2

		Other														-2		-1		0		+1		+2

																		Cost						-2		-1		0		+1		+2

																								High								Low

		Resources														Availability

		Description														-2 (LOW)   -1   0   +1   +2 (HIGH)

		Laboratory														-2		-1		0		+1		+2

		Facility														-2		-1		0		+1		+2

		Safety														-2		-1		0		+1		+2

		Personnel														-2		-1		0		+1		+2

		Other														-2		-1		0		+1		+2

																		Availability of						-2		-1		0		+1		+2

																		Resources						Low								High

		Ease of Implementation														-2 (DIFFICULT)   -1   0   +1   +2 (EASY)

		Department and administrative acceptance of change														-2		-1		0		+1		+2

		Funding necessary to implement changes														-2		-1		0		+1		+2

		Regulations and policies required for implementation														-2		-1		0		+1		+2

		Other														-2		-1		0		+1		+2

																		Ease of						-2		-1		0		+1		+2

																		Implementation						Low								High





EQUL376_1

		EXPERIMENT:		EQUL376 - Determining the Dissociation Constant of a Weak Acid Using pH Measurements (Raney and Gillette, 1989)

		ALTERNATIVE:		Original

		Educational Value														Evaluation

		1. Importance and usefulness of concepts and techniques to the students														-2		-1		0		1		2

																Very Low				High				Very High

		2. Level of difficulty														-2		-1		0		1		2

																Not appropriate				Acceptable				Challenging

		3. Interesting experiment/technique														-2		-1		0		1		2

																Not interesting				OK				Very interesting

																		Educational Value						-2		-1		0		+1		+2

																								Low								High

		Safety Risks														Materials1				Hazard Characteristics2

		Name, Concentration				Purpose/Step3										I		P		I		C		R		T		Oth		L

		Formic acid, 1M				Used as "unknown" for pKa determinations										x						x

		Acetic acid, 1M				Used as "unknown" for pKa determinations										x						x

		Sodium bisulfite, 1M				Used as "unknown" for pKa determinations										x						x

		Sodium hydroxide, 0.5M				Used for titration of unknown acids										x						x

																		Safety Risks						-2		-1		0		+1		+2

																								High								Low

		1 Define if the material is a raw material or input (R), intermediate (I), or a product/by-product (P)

		2 Identify the material's hazard characteristics (See Section 2.5.1).  I (Ignitable), C (Corrosive), R (Reactive), T(Toxic), Oth(Other), L(Listed)

		3 Describe the purpose of the material or the step in which it is used

		Input Materials (required for 10 students)																				Quantity

		Name				Concentration		Purpose/Step														Qty.		Units

		Formic acid, acetic acid,				1 M		Used as "unknown" acid														1600		ml

		sodium bisulfite

		Sodium hydroxide				0.5 M		Used in tritation of unknown acids														1250		ml

																		Input Materials						-2		-1		0		+1		+2

																								High								Low

		Waste Materials (generated from 10 students)																				Quantity

		Name				Concentration		Purpose/Step														Qty.		Units

		Acids and bases (see Input)				(see Input)		Collected from titrations														2850		ml

																		Waste Materials						-2		-1		0		+1		+2

																								High								Low

		Cost of Implementation														Cost

		Description														-2 (HIGH)   -1   0   +1   +2 (LOW)

		Chemical		Formic acid												-2		-1		0		+1		+2

				Acetic acid												-2		-1		0		+1		+2

				Sodium bisulfite												-2		-1		0		+1		+2

				Sodium hydroxide												-2		-1		0		+1		+2

		Personnel														-2		-1		0		+1		+2

		Equipment														-2		-1		0		+1		+2

		Disposal		For 10 students, minimum waste volume is 2850 ml (corrosive)												-2		-1		0		+1		+2

																-2		-1		0		+1		+2

		Other														-2		-1		0		+1		+2

																		Cost						-2		-1		0		+1		+2

																								High								Low

		Resources														Availability

		Description														-2 (LOW)   -1   0   +1   +2 (HIGH)

		Laboratory		Glassware, chemicals, etc												-2		-1		0		+1		+2

		Facility		Storage for chemicals, hoods, etc.												-2		-1		0		+1		+2

		Safety		Fume hoods												-2		-1		0		+1		+2

		Personnel														-2		-1		0		+1		+2

		Other														-2		-1		0		+1		+2

																		Availability of						-2		-1		0		+1		+2

																		Resources						Low								High

		Ease of Implementation														-2 (DIFFICULT)   -1   0   +1   +2 (EASY)

		Department and administrative acceptance of change														-2		-1		0		+1		+2

		Funding necessary to implement changes														-2		-1		0		+1		+2

		Regulations and policies required for implementation														-2		-1		0		+1		+2

		Other														-2		-1		0		+1		+2

																		Ease of						-2		-1		0		+1		+2

																		Implementation						Low								High
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EQUL376_2

		EXPERIMENT:		EQUL376 - Determining the Dissociation Constant of a Weak Acid Using pH Measurements (Raney and Gillette, 1989)

		ALTERNATIVE:		Chemical subsitution II and scaling down

		Educational Value														Evaluation

		1. Importance and usefulness of concepts and techniques to the students														-2		-1		0		1		2

																Very Low				High				Very High

		2. Level of difficulty														-2		-1		0		1		2

																Not appropriate				Acceptable				Challenging

		3. Interesting experiment/technique														-2		-1		0		1		2

																Not interesting				OK				Very interesting

																		Educational Value						-2		-1		0		+1		+2

																								Low								High

		Safety Risks														Materials1				Hazard Characteristics2

		Name, Concentration				Purpose/Step3										I		P		I		C		R		T		Oth		L

		Chloroacetic acid, 1M				Used as "unknown", formic acid substitution										x						x

		Acetic acid, 1M				Used as "unknown"										x						x

		Sodium bisulfite, 1M				Used as "unknown"										x						x

		Sodium hydroxide, 0.5M				Used for titration of unknown acids										x						x

																		Safety Risks						-2		-1		0		+1		+2

																								High								Low

		1 Define if the material is a raw material or input (R), intermediate (I), or a product/by-product (P)

		2 Identify the material's hazard characteristics (See Section 2.5.1).  I (Ignitable), C (Corrosive), R (Reactive), T(Toxic), Oth(Other), L(Listed)

		3 Describe the purpose of the material or the step in which it is used

		Input Materials (required for 10 students)																				Quantity

		Name				Concentration		Purpose/Step														Qty.		Units

		Chloroacetic, acetic acid,				1 M		Used as "unknown" acid														160		ml

		sodium bisulfite

		Sodium hydroxide				0.25 M		Used in tritation of unknown acids														250		ml

																		Input Materials						-2		-1		0		+1		+2

																								High								Low

		Waste Materials (generated from 10 students)																				Quantity

		Name				Concentration		Purpose/Step														Qty.		Units

		Acids and bases (see Input)				(see Input)		Collected from titrations														410		ml

																		Waste Materials						-2		-1		0		+1		+2

																								High								Low

		Cost of Implementation														Cost

		Description 1														-2 (HIGH)   -1   0   +1   +2 (LOW)

		Type		Chloroacetic acid												-2		-1		0		+1		+2

				Sodium bisulfite												-2		-1		0		+1		+2

				Acetic acid												-2		-1		0		+1		+2

				Sodium hydroxide												-2		-1		0		+1		+2

		Personnel														-2		-1		0		+1		+2

		Equipment														-2		-1		0		+1		+2

		Disposal		For 10 students, minimum waste volume is 410 ml (corrosive)												-2		-1		0		+1		+2

																-2		-1		0		+1		+2

		Other														-2		-1		0		+1		+2

																		Cost						-2		-1		0		+1		+2

																								High								Low

		Resources														Availability

		Description														-2 (LOW)   -1   0   +1   +2 (HIGH)

		Laboratory		Glassware, chemicals, etc												-2		-1		0		+1		+2

		Facility		Storage for chemicals, hoods, etc.												-2		-1		0		+1		+2

		Safety		Fume hoods												-2		-1		0		+1		+2

		Personnel														-2		-1		0		+1		+2

		Other														-2		-1		0		+1		+2

																		Availability of						-2		-1		0		+1		+2

																		Resources						Low								High

		Ease of Implementation														-2 (DIFFICULT)   -1   0   +1   +2 (EASY)

		Department and administrative acceptance of change														-2		-1		0		+1		+2

		Funding necessary to implement changes														-2		-1		0		+1		+2

		Regulations and policies required for implementation														-2		-1		0		+1		+2

		Other														-2		-1		0		+1		+2

																		Ease of						-2		-1		0		+1		+2

																		Implementation						Low								High
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EQUL376_3

		EXPERIMENT:		EQUL376 - Determining the Dissociation Constant of a Weak Acid Using pH Measurements (Raney and Gillette, 1989)

		ALTERNATIVE:		Microscale - Determination of Ka for a Weak Acid (Szafran et al., 1993)

		Educational Value														Evaluation

		1. Importance and usefulness of concepts and techniques to the students														-2		-1		0		1		2

																Very Low				High				Very High

		2. Level of difficulty														-2		-1		0		1		2

																Not appropriate				Acceptable				Challenging

		3. Interesting experiment/technique														-2		-1		0		1		2

																Not interesting				OK				Very interesting

																		Educational Value						-2		-1		0		+1		+2

																								Low								High

		Safety Risks														Materials1				Hazard Characteristics2

		Name, Concentration				Purpose/Step3										I		P		I		C		R		T		Oth		L

		Unknown acid				Used as "unknown"										x						x

		Sodium hydroxide, 0.1 M				Used for titration of unknown acid										x						x

		Phenolphtalein				Used as indicator										x				x

																		Safety Risks						-2		-1		0		+1		+2

																								High								Low

		1 Define if the material is an input and intermediate material (I), or a product/by-product (P)

		2 Identify the material's hazard characteristics (See Section 5.1).  I (Ignitable), C (Corrosive), R (Reactive), T(Toxic), Oth(Other), L(Listed)

		3 Describe the purpose of the material or the step in which it is used

		Input Materials (required for 10 students)																				Quantity

		Name				Concentration		Purpose/Step														Qty.		Units

		Unknown acid						Used as "unknown"														200		mg

		Sodium hydroxide				0.1 M		Used for titration of unknown acid														?		?

		Phenolphtalein						Used as indicator														10		drops

																		Input Materials						-2		-1		0		+1		+2

																								High								Low

		Waste Materials (generated from 10 students)																				Quantity

		Name				Concentration		Purpose/Step														Qty.		Units

		Acid, base, indicator, water						Collected from titrations														155		ml

																		Waste Materials						-2		-1		0		+1		+2

																								High								Low

		Cost of Implementation														Cost

		Description 1														-2 (HIGH)   -1   0   +1   +2 (LOW)

		Chemical		Unknown weak acid												-2		-1		0		+1		+2

				Sodium hydroxide												-2		-1		0		+1		+2

				Phenolphtalein												-2		-1		0		+1		+2

		Personnel														-2		-1		0		+1		+2

		Equipment		Microburets												-2		-1		0		+1		+2

				Electrode pH meters												-2		-1		0		+1		+2

				Accurate digital balance (milligrams)												-2		-1		0		+1		+2

		Disposal		For 10 students, minimum waste volume is 155 ml (corrosive)												-2		-1		0		+1		+2

		Other														-2		-1		0		+1		+2

																		Cost						-2		-1		0		+1		+2

																								High								Low

		Resources														Availability

		Description														-2 (LOW)   -1   0   +1   +2 (HIGH)

		Laboratory		Microburets, electrode pH meters, accurate digital balance												-2		-1		0		+1		+2

		Facility		Storage for chemicals, hoods, etc.												-2		-1		0		+1		+2

		Safety		Fume hoods												-2		-1		0		+1		+2

		Personnel														-2		-1		0		+1		+2

		Other														-2		-1		0		+1		+2

																		Availability of						-2		-1		0		+1		+2

																		Resources						Low								High

		Ease of Implementation														-2 (DIFFICULT)   -1   0   +1   +2 (EASY)

		Department and administrative acceptance of change														-2		-1		0		+1		+2

		Funding necessary to implement changes														-2		-1		0		+1		+2

		Regulations and policies required for implementation														-2		-1		0		+1		+2

		Other														-2		-1		0		+1		+2

																		Ease of						-2		-1		0		+1		+2

																		Implementation						Low								High
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Source elimination/reduction is the preferred approach for pollution prevention.  It reduces the need for “end-of-pipe” environmental control.

Chemical substitution involves the substitution

of hazardous chemicals with non-hazardous

(or less hazardous) chemicals.

Microscale experiments and scaling down

reduces the amount of waste generation.

Alternative teaching methods include computer simulations, and in-class demonstrations.

When source reduction is not

possible the next option is recycling, refining, or recovering by-products for reuse.

Redistribution of chemicals minimizes waste and provides more space for storage.

Chemical recovery (e.g. solvent recovery) can be incorporated into laboratory practices.

Treatment generally applies to efforts to make experimental by-products less hazardous before they are declared as “wastes” for disposal.  

Neutralization (adjusting the pH to a range between 6 and 9) is the most common method.

Other methods include separation, fixation, oxidation, and precipitation.

Proper handling and disposal of laboratory waste require accurate identification and classification of the waste generated.

Segregation of wastes is important for safety legal, and pollution prevention reasons.

Proper labeling and storage are essential when collecting waste.

Disposal of hazardous wastes must be performed in compliance with applicable (federal, state, and local) regulations.
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Sheet1

		

		ALTERNATIVES		EDUCATIONAL VALUE		Better (+)   Same (0)   Worse (-)		SAFETY RISKS		Better (+)   Same (0)   Worse (-)		INPUT MATERIALS		Better (+)   Same (0)   Worse (-)		WASTE MATERIALS		Better (+)   Same (0)   Worse (-)		COSTS		Better (+)   Same (0)   Worse (-)		RESOURCES		Better (+)   Same (0)   Worse (-)		EASE OF IMPLEMENTATION		Better (+)   Same (0)   Worse (-)

		EQUL376-Evaluating the Dissociation		0				-1				-2				-2				0				0				0

		Constant of a Weak Acid Using pH…

		Scaling Down II and		0				-1				+2				+2				0				0				+1

		Chemical Substitution





EQUL376

		

		ALTERNATIVES		EDUCATIONAL VALUE		Better (+)   Same (0)   Worse (-)		SAFETY RISKS		Better (+)   Same (0)   Worse (-)		INPUT MATERIALS		Better (+)   Same (0)   Worse (-)		WASTE MATERIALS		Better (+)   Same (0)   Worse (-)		COSTS		Better (+)   Same (0)   Worse (-)		RESOURCES		Better (+)   Same (0)   Worse (-)		EASE OF IMPLEMENTATION		Better (+)   Same (0)   Worse (-)		MISCELLANEOUS		Better (+)   Same (0)   Worse (-)

		EQUL376-Evaluating the Dissociation		0				0				0				0				0				0				0				0

		Constant of a Weak Acid Using pH…

		a.  Chemical Substitution:						0				0				0				0				0				+				0

		Chloroacetic Acid for Formic Acid

		b.  Microscale:		0								+				+												0				0

		c.  Scaling Down:		0				0				+				+				+				0				+				0

		Reducing acid volume by a factor of 10

		d.  Scaling Down (c) and		+				0				+				+				+				0				+				0

		Chemical Substitution (a)
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		ALTERNATIVES		EDUCATIONAL VALUE		Better (+)   Same (0)   Worse (-)		SAFETY RISKS		Better (+)   Same (0)   Worse (-)		INPUT MATERIALS		Better (+)   Same (0)   Worse (-)		WASTE MATERIALS		Better (+)   Same (0)   Worse (-)		COSTS		Better (+)   Same (0)   Worse (-)		RESOURCES		Better (+)   Same (0)   Worse (-)		EASE OF IMPLEMENTATION		Better (+)   Same (0)   Worse (-)		MISCELLANEOUS		Better (+)   Same (0)   Worse (-)

		EQUL441-Evaluating the Equilibrium		0				0				0				0				0				0				0				0

		Constant for the Reaction of Iron(III)…

		Scale Down:						0				+				+				+				0				+				0

		Reducing by half

		Treatment:		+								0								0				0								0

		Neutralization of products with 6M NH3
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ANAL463

		

		ALTERNATIVES		EDUCATIONAL VALUE		Better (+)   Same (0)   Worse (-)		SAFETY RISKS		Better (+)   Same (0)   Worse (-)		INPUT MATERIALS		Better (+)   Same (0)   Worse (-)		WASTE MATERIALS		Better (+)   Same (0)   Worse (-)		COSTS		Better (+)   Same (0)   Worse (-)		RESOURCES		Better (+)   Same (0)   Worse (-)		EASE OF IMPLEMENTATION		Better (+)   Same (0)   Worse (-)		MISCELLANEOUS		Better (+)   Same (0)   Worse (-)

		ANAL463-Nonsulfide Qualitative Analysis		0				0				0				0				0				0				0				0

		of Cations:  Separating and Identifying…

		Alternative Method:		-				0				+				+				+				0				-				0

		Working in Pairs

		Alternative Method:		0				+				0				0				0				0				+				0

		Identification of Ag with KI

		Alternative Method/Recovery:		+				+				0				+				0				0				+				0

		Ident. And Recovery of Ag with vitamin C
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		ALTERNATIVES		EDUCATIONAL VALUE		Better (+)   Same (0)   Worse (-)		SAFETY RISKS		Better (+)   Same (0)   Worse (-)		INPUT MATERIALS		Better (+)   Same (0)   Worse (-)		WASTE MATERIALS		Better (+)   Same (0)   Worse (-)		COSTS		Better (+)   Same (0)   Worse (-)		RESOURCES		Better (+)   Same (0)   Worse (-)		EASE OF IMPLEMENTATION		Better (+)   Same (0)   Worse (-)

		EQUL376-Evaluating the Dissociation		0				-1				-2				-2				0				0				0

		Constant of a Weak Acid Using pH…

		Microscale:		0				-1				+1				+2				0				0				+1

		Scaling Down (by a factor of 10) with		0				-1				+2				+2				-1				-1				-1

		Substitution (chloroacetic for formic acid)
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Sheet1

		

		Alternartive				Meets Teaching Objectives				Raw Material Needs				Resources Needed				Waste Generated				Cost				Implementation

		Source Elimination/

		Reduction

		Chemical Substitution

		Scale Down Experiments

		Microscale Experiments

		Alternative Teaching

		Methods

		Material Management

		Recycle/Reuse

		Chemical Redistribution

		Recycle/Reuse





Matrix1

		EXPERIMENT:		__________________________________________________________________

		ALTERNATIVE:		__________________________________________________________________

		Educational Value														-2 (Decrease)   -1   0   +1   +2 (Increase)

		1. Demonstration of useful and/or new concepts/techniques to the students														-2		-1		0		1		2

		2. Level of difficulty														-2		-1		0		1		2

		3. Interesting experiment/technique														-2		-1		0		1		2

																Educational Value						-2		-1		0		+1		+2

																						Decrease				No Change				Increase

		Safety Risks

		Name, Concentration														R		I		P		I		C		O		R		T		Oth

																		Safety Risks						-2		-1		0		+1		+2

																								High								Low

		Input Materials																				Quantity

		Name				Concentration		Purpose/Step														Qty.		Units

																		Input Materials						-2		-1		0		+1		+2

																								High								Low

		Waste Materials																				Quantity

		Name				Concentration		Purpose/Step														Qty.		Units

																		Waste Materials						-2		-1		0		+1		+2

																								High								Low

		Cost of Implementation																				Cost

		Chemicals

		Personnel

		Equipment

		Disposal

		Other

																		Cost						-2		-1		0		+1		+2

																								High Cost								Low Cost

		Resources														Availability

																-2 (LOW)   -1   0   +1   +2 (HIGH)

		Laboratory														-2		-1		0		+1		+2

		Facility														-2		-1		0		+1		+2

		Safety														-2		-1		0		+1		+2

		Personnel														-2		-1		0		+1		+2

		Other														-2		-1		0		+1		+2

																		Resources						-2		-1		0		+1		+2

																								Not								Readily

																								Available								Available

		Ease of Implementation														-2 (DIFFICULT)   -1   0   +1   +2 (EASY)

		Department and administrative acceptance of change														-2		-1		0		+1		+2

		Funding necessary to implement changes														-2		-1		0		+1		+2

		Regulations and policies required for implementation														-2		-1		0		+1		+2

		Other														-2		-1		0		+1		+2

																		Ease of						-2		-1		0		+1		+2

																		Implementation						Difficult								Easy
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Matrix2

		EXPERIMENT:

		ALTERNATIVE:

		Educational Value														Evaluation

		1. Importance and usefulness of concepts and techniques to the students														-2		-1		0		+1		+2

																Very Low				High				Very High

		2. Level of difficulty														-2		-1		0		+1		+2

																Not appropriate				Acceptable				Challenging

		3. Interesting experiment/technique														-2		-1		0		+1		+2

																Not interesting				OK				Very interesting

																		Educational Value						-2		-1		0		+1		+2

																								Low								High

		Safety Risks

		Name, Concentration														I		P		I		C		R		T		Oth		L

																		Safety Risks						-2		-1		0		+1		+2

																								High								Low

		Input Materials (required for ___ students)																				Quantity

		Name				Concentration		Purpose/Step														Qty.		Units

																		Input Materials						-2		-1		0		+1		+2

																								High								Low

		Waste Materials (generated from ___ students)																				Quantity

		Name				Concentration		Purpose/Step														Qty.		Units

																		Waste Materials						-2		-1		0		+1		+2

																								High								Low

		Cost of Implementation														Cost

		Description														-2 (HIGH)   -1   0   +1   +2 (LOW)

		Chemicals														-2		-1		0		+1		+2

																-2		-1		0		+1		+2

																-2		-1		0		+1		+2

		Personnel														-2		-1		0		+1		+2

		Equipment														-2		-1		0		+1		+2

																-2		-1		0		+1		+2

		Disposal														-2		-1		0		+1		+2

																-2		-1		0		+1		+2

		Other														-2		-1		0		+1		+2

																		Cost						-2		-1		0		+1		+2

																								High								Low

		Resources														Availability

		Description														-2 (LOW)   -1   0   +1   +2 (HIGH)

		Laboratory														-2		-1		0		+1		+2

		Facility														-2		-1		0		+1		+2

		Safety														-2		-1		0		+1		+2

		Personnel														-2		-1		0		+1		+2

		Other														-2		-1		0		+1		+2

																		Availability of						-2		-1		0		+1		+2

																		Resources						Low								High

		Ease of Implementation														-2 (DIFFICULT)   -1   0   +1   +2 (EASY)

		Department and administrative acceptance of change														-2		-1		0		+1		+2

		Funding necessary to implement changes														-2		-1		0		+1		+2

		Regulations and policies required for implementation														-2		-1		0		+1		+2

		Other														-2		-1		0		+1		+2

																		Ease of						-2		-1		0		+1		+2

																		Implementation						Low								High





EQUL376_1

		EXPERIMENT:		EQUL376 - Determining the Dissociation Constant of a Weak Acid Using pH Measurements (Raney and Gillette, 1989)

		ALTERNATIVE:		Original

		Educational Value														Evaluation

		1. Importance and usefulness of concepts and techniques to the students														-2		-1		0		1		2

																Very Low				High				Very High

		2. Level of difficulty														-2		-1		0		1		2

																Not appropriate				Acceptable				Challenging

		3. Interesting experiment/technique														-2		-1		0		1		2

																Not interesting				OK				Very interesting

																		Educational Value						-2		-1		0		+1		+2

																								Low								High

		Safety Risks

		Name, Concentration														I		P		I		C		R		T		Oth		L

		Formic acid, 1M				Used as "unknown" for pKa determinations										x						x

		Acetic acid, 1M				Used as "unknown" for pKa determinations										x						x

		Sodium bisulfite, 1M				Used as "unknown" for pKa determinations										x						x

		Sodium hydroxide, 0.5M				Used for titration of unknown acids										x						x

																		Safety Risks						-2		-1		0		+1		+2

																								High								Low

		Input Materials (required for 10 students)																				Quantity

		Name				Concentration		Purpose/Step														Qty.		Units

		Formic acid, acetic acid,				1 M		Used as "unknown" acid														1600		ml

		sodium bisulfite

		Sodium hydroxide				0.5 M		Used in tritation of unknown acids														1250		ml

																		Input Materials						-2		-1		0		+1		+2

																								High								Low

		Waste Materials (generated from 10 students)																				Quantity

		Name				Concentration		Purpose/Step														Qty.		Units

		Acids and bases (see Input)				(see Input)		Collected from titrations														2850		ml

																		Waste Materials						-2		-1		0		+1		+2

																								High								Low

		Cost of Implementation														Cost

		Description														-2 (HIGH)   -1   0   +1   +2 (LOW)

		Chemical		Formic acid												-2		-1		0		+1		+2

				Acetic acid												-2		-1		0		+1		+2

				Sodium bisulfite												-2		-1		0		+1		+2

				Sodium hydroxide												-2		-1		0		+1		+2

		Personnel														-2		-1		0		+1		+2

		Equipment														-2		-1		0		+1		+2

		Disposal		For 10 students, minimum waste volume is 2850 ml (corrosive)												-2		-1		0		+1		+2

																-2		-1		0		+1		+2

		Other														-2		-1		0		+1		+2

																		Cost						-2		-1		0		+1		+2

																								High								Low

		Resources														Availability

		Description														-2 (LOW)   -1   0   +1   +2 (HIGH)

		Laboratory		Glassware, chemicals, etc												-2		-1		0		+1		+2

		Facility		Storage for chemicals, hoods, etc.												-2		-1		0		+1		+2

		Safety		Fume hoods												-2		-1		0		+1		+2

		Personnel														-2		-1		0		+1		+2

		Other														-2		-1		0		+1		+2

																		Availability of						-2		-1		0		+1		+2

																		Resources						Low								High

		Ease of Implementation														-2 (DIFFICULT)   -1   0   +1   +2 (EASY)

		Department and administrative acceptance of change														-2		-1		0		+1		+2

		Funding necessary to implement changes														-2		-1		0		+1		+2

		Regulations and policies required for implementation														-2		-1		0		+1		+2

		Other														-2		-1		0		+1		+2

																		Ease of						-2		-1		0		+1		+2

																		Implementation						Low								High
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EQUL376_2

		EXPERIMENT:		EQUL376 - Determining the Dissociation Constant of a Weak Acid Using pH Measurements (Raney and Gillette, 1989)

		ALTERNATIVE:		Chemical subsitution II and scaling down

		Educational Value														Evaluation

		1. Importance and usefulness of concepts and techniques to the students														-2		-1		0		1		2

																Very Low				High				Very High

		2. Level of difficulty														-2		-1		0		1		2

																Not appropriate				Acceptable				Challenging

		3. Interesting experiment/technique														-2		-1		0		1		2

																Not interesting				OK				Very interesting

																		Educational Value						-2		-1		0		+1		+2

																								Low								High

		Safety Risks

		Name, Concentration														I		P		I		C		R		T		Oth		L

		Chloroacetic acid, 1M														x						x

		Acetic acid, 1M				Used as "unknown"										x						x

		Sodium bisulfite, 1M				Used as "unknown"										x						x

		Sodium hydroxide, 0.5M				Used for titration of unknown acids										x						x

																		Safety Risks						-2		-1		0		+1		+2

																								High								Low

		Input Materials (required for 10 students)																				Quantity

		Name				Concentration		Purpose/Step														Qty.		Units

		Chloroacetic, acetic acid,				1 M		Used as "unknown" acid														160		ml

		sodium bisulfite

		Sodium hydroxide				0.25 M		Used in tritation of unknown acids														250		ml

																		Input Materials						-2		-1		0		+1		+2

																								High								Low

		Waste Materials (generated from 10 students)																				Quantity

		Name				Concentration		Purpose/Step														Qty.		Units

		Acids and bases (see Input)				(see Input)		Collected from titrations														410		ml

																		Waste Materials						-2		-1		0		+1		+2

																								High								Low

		Cost of Implementation														Cost

																-2 (HIGH)   -1   0   +1   +2 (LOW)

		Type		Chloroacetic acid												-2		-1		0		+1		+2

				Sodium bisulfite												-2		-1		0		+1		+2

				Acetic acid												-2		-1		0		+1		+2

				Sodium hydroxide												-2		-1		0		+1		+2

		Personnel														-2		-1		0		+1		+2

		Equipment														-2		-1		0		+1		+2

		Disposal		For 10 students, minimum waste volume is 410 ml (corrosive)												-2		-1		0		+1		+2

																-2		-1		0		+1		+2

		Other														-2		-1		0		+1		+2

																		Cost						-2		-1		0		+1		+2

																								High								Low

		Resources														Availability

		Description														-2 (LOW)   -1   0   +1   +2 (HIGH)

		Laboratory		Glassware, chemicals, etc												-2		-1		0		+1		+2

		Facility		Storage for chemicals, hoods, etc.												-2		-1		0		+1		+2

		Safety		Fume hoods												-2		-1		0		+1		+2

		Personnel														-2		-1		0		+1		+2

		Other														-2		-1		0		+1		+2

																		Availability of						-2		-1		0		+1		+2

																		Resources						Low								High

		Ease of Implementation														-2 (DIFFICULT)   -1   0   +1   +2 (EASY)

		Department and administrative acceptance of change														-2		-1		0		+1		+2

		Funding necessary to implement changes														-2		-1		0		+1		+2

		Regulations and policies required for implementation														-2		-1		0		+1		+2

		Other														-2		-1		0		+1		+2

																		Ease of						-2		-1		0		+1		+2

																		Implementation						Low								High
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EQUL376_3

		EXPERIMENT:		EQUL376 - Determining the Dissociation Constant of a Weak Acid Using pH Measurements (Raney and Gillette, 1989)

		ALTERNATIVE:

		Educational Value														Evaluation

		1. Importance and usefulness of concepts and techniques to the students														-2		-1		0		1		2

																Very Low				High				Very High

		2. Level of difficulty														-2		-1		0		1		2

																Not appropriate				Acceptable				Challenging

		3. Interesting experiment/technique														-2		-1		0		1		2

																Not interesting				OK				Very interesting

																		Educational Value						-2		-1		0		+1		+2

																								Low								High

		Safety Risks

		Name, Concentration														I		P		I		C		R		T		Oth		L

		Unknown acid				Used as "unknown"										x						x

		Sodium hydroxide, 0.1 M				Used for titration of unknown acid										x						x

		Phenolphtalein				Used as indicator										x				x

																		Safety Risks						-2		-1		0		+1		+2

																								High								Low

		Input Materials (required for 10 students)																				Quantity

		Name				Concentration		Purpose/Step														Qty.		Units

		Unknown acid						Used as "unknown"														200		mg

		Sodium hydroxide				0.1 M		Used for titration of unknown acid														?		?

		Phenolphtalein						Used as indicator														10		drops

																		Input Materials						-2		-1		0		+1		+2

																								High								Low

		Waste Materials (generated from 10 students)																				Quantity

		Name				Concentration		Purpose/Step														Qty.		Units

		Acid, base, indicator, water						Collected from titrations														155		ml

																		Waste Materials						-2		-1		0		+1		+2

																								High								Low

		Cost of Implementation														Cost

																-2 (HIGH)   -1   0   +1   +2 (LOW)

		Chemical		Unknown weak acid												-2		-1		0		+1		+2

				Sodium hydroxide												-2		-1		0		+1		+2

				Phenolphtalein												-2		-1		0		+1		+2

		Personnel														-2		-1		0		+1		+2

		Equipment		Microburets												-2		-1		0		+1		+2

				Electrode pH meters												-2		-1		0		+1		+2

				Accurate digital balance (milligrams)												-2		-1		0		+1		+2

		Disposal		For 10 students, minimum waste volume is 155 ml (corrosive)												-2		-1		0		+1		+2

		Other														-2		-1		0		+1		+2

																		Cost						-2		-1		0		+1		+2

																								High								Low

		Resources														Availability

		Description														-2 (LOW)   -1   0   +1   +2 (HIGH)

		Laboratory		Microburets, electrode pH meters, accurate digital balance												-2		-1		0		+1		+2

		Facility		Storage for chemicals, hoods, etc.												-2		-1		0		+1		+2

		Safety		Fume hoods												-2		-1		0		+1		+2

		Personnel														-2		-1		0		+1		+2

		Other														-2		-1		0		+1		+2

																		Availability of						-2		-1		0		+1		+2

																		Resources						Low								High

		Ease of Implementation														-2 (DIFFICULT)   -1   0   +1   +2 (EASY)

		Department and administrative acceptance of change														-2		-1		0		+1		+2

		Funding necessary to implement changes														-2		-1		0		+1		+2

		Regulations and policies required for implementation														-2		-1		0		+1		+2

		Other														-2		-1		0		+1		+2

																		Ease of						-2		-1		0		+1		+2

																		Implementation						Low								High
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		Alternartive				Meets Teaching Objectives				Raw Material Needs				Resources Needed				Waste Generated				Cost				Implementation

		Source Elimination/

		Reduction

		Chemical Substitution

		Scale Down Experiments

		Microscale Experiments

		Alternative Teaching

		Methods

		Material Management

		Recycle/Reuse

		Chemical Redistribution

		Recycle/Reuse





Matrix1

		EXPERIMENT:		__________________________________________________________________

		ALTERNATIVE:		__________________________________________________________________

		Educational Value														-2 (Decrease)   -1   0   +1   +2 (Increase)

		1. Demonstration of useful and/or new concepts/techniques to the students														-2		-1		0		1		2

		2. Level of difficulty														-2		-1		0		1		2

		3. Interesting experiment/technique														-2		-1		0		1		2

																Educational Value						-2		-1		0		+1		+2

																						Decrease				No Change				Increase

		Safety Risks

		Name, Concentration														R		I		P		I		C		O		R		T		Oth

																		Safety Risks						-2		-1		0		+1		+2

																								High								Low

		Input Materials																				Quantity

		Name				Concentration		Purpose/Step														Qty.		Units

																		Input Materials						-2		-1		0		+1		+2

																								High								Low

		Waste Materials																				Quantity

		Name				Concentration		Purpose/Step														Qty.		Units

																		Waste Materials						-2		-1		0		+1		+2

																								High								Low

		Cost of Implementation																				Cost

		Chemicals

		Personnel

		Equipment

		Disposal

		Other

																		Cost						-2		-1		0		+1		+2

																								High Cost								Low Cost

		Resources														Availability

																-2 (LOW)   -1   0   +1   +2 (HIGH)

		Laboratory														-2		-1		0		+1		+2

		Facility														-2		-1		0		+1		+2

		Safety														-2		-1		0		+1		+2

		Personnel														-2		-1		0		+1		+2

		Other														-2		-1		0		+1		+2

																		Resources						-2		-1		0		+1		+2

																								Not								Readily

																								Available								Available

		Ease of Implementation														-2 (DIFFICULT)   -1   0   +1   +2 (EASY)

		Department and administrative acceptance of change														-2		-1		0		+1		+2

		Funding necessary to implement changes														-2		-1		0		+1		+2

		Regulations and policies required for implementation														-2		-1		0		+1		+2

		Other														-2		-1		0		+1		+2

																		Ease of						-2		-1		0		+1		+2

																		Implementation						Difficult								Easy
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Matrix2

		EXPERIMENT:

		ALTERNATIVE:

		Educational Value														Evaluation

		1. Importance and usefulness of concepts and techniques to the students														-2		-1		0		+1		+2

																Very Low				High				Very High

		2. Level of difficulty														-2		-1		0		+1		+2

																Not appropriate				Acceptable				Challenging

		3. Interesting experiment/technique														-2		-1		0		+1		+2

																Not interesting				OK				Very interesting

																		Educational Value						-2		-1		0		+1		+2

																								Low								High

		Safety Risks

		Name, Concentration														I		P		I		C		R		T		Oth		L

																		Safety Risks						-2		-1		0		+1		+2

																								High								Low

		Input Materials (required for ___ students)																				Quantity

		Name				Concentration		Purpose/Step														Qty.		Units

																		Input Materials						-2		-1		0		+1		+2

																								High								Low

		Waste Materials (generated from ___ students)																				Quantity

		Name				Concentration		Purpose/Step														Qty.		Units

																		Waste Materials						-2		-1		0		+1		+2

																								High								Low

		Cost of Implementation														Cost

		Description														-2 (HIGH)   -1   0   +1   +2 (LOW)

		Chemicals														-2		-1		0		+1		+2

																-2		-1		0		+1		+2

																-2		-1		0		+1		+2

		Personnel														-2		-1		0		+1		+2

		Equipment														-2		-1		0		+1		+2

																-2		-1		0		+1		+2

		Disposal														-2		-1		0		+1		+2

																-2		-1		0		+1		+2

		Other														-2		-1		0		+1		+2

																		Cost						-2		-1		0		+1		+2

																								High								Low

		Resources														Availability

		Description														-2 (LOW)   -1   0   +1   +2 (HIGH)

		Laboratory														-2		-1		0		+1		+2

		Facility														-2		-1		0		+1		+2

		Safety														-2		-1		0		+1		+2

		Personnel														-2		-1		0		+1		+2

		Other														-2		-1		0		+1		+2

																		Availability of						-2		-1		0		+1		+2

																		Resources						Low								High

		Ease of Implementation														-2 (DIFFICULT)   -1   0   +1   +2 (EASY)

		Department and administrative acceptance of change														-2		-1		0		+1		+2

		Funding necessary to implement changes														-2		-1		0		+1		+2

		Regulations and policies required for implementation														-2		-1		0		+1		+2

		Other														-2		-1		0		+1		+2

																		Ease of						-2		-1		0		+1		+2

																		Implementation						Low								High





EQUL376_1

		EXPERIMENT:		EQUL376 - Determining the Dissociation Constant of a Weak Acid Using pH Measurements (Raney and Gillette, 1989)

		ALTERNATIVE:		Original

		Educational Value														Evaluation

		1. Importance and usefulness of concepts and techniques to the students														-2		-1		0		1		2

																Very Low				High				Very High

		2. Level of difficulty														-2		-1		0		1		2

																Not appropriate				Acceptable				Challenging

		3. Interesting experiment/technique														-2		-1		0		1		2

																Not interesting				OK				Very interesting

																		Educational Value						-2		-1		0		+1		+2

																								Low								High

		Safety Risks

		Name, Concentration														I		P		I		C		R		T		Oth		L

		Formic acid, 1M				Used as "unknown" for pKa determinations										x						x

		Acetic acid, 1M				Used as "unknown" for pKa determinations										x						x

		Sodium bisulfite, 1M				Used as "unknown" for pKa determinations										x						x

		Sodium hydroxide, 0.5M				Used for titration of unknown acids										x						x

																		Safety Risks						-2		-1		0		+1		+2

																								High								Low

		Input Materials (required for 10 students)																				Quantity

		Name				Concentration		Purpose/Step														Qty.		Units

		Formic acid, acetic acid,				1 M		Used as "unknown" acid														1600		ml

		sodium bisulfite

		Sodium hydroxide				0.5 M		Used in tritation of unknown acids														1250		ml

																		Input Materials						-2		-1		0		+1		+2

																								High								Low

		Waste Materials (generated from 10 students)																				Quantity

		Name				Concentration		Purpose/Step														Qty.		Units

		Acids and bases (see Input)				(see Input)		Collected from titrations														2850		ml

																		Waste Materials						-2		-1		0		+1		+2

																								High								Low

		Cost of Implementation														Cost

		Description														-2 (HIGH)   -1   0   +1   +2 (LOW)

		Chemical		Formic acid												-2		-1		0		+1		+2

				Acetic acid												-2		-1		0		+1		+2

				Sodium bisulfite												-2		-1		0		+1		+2

				Sodium hydroxide												-2		-1		0		+1		+2

		Personnel														-2		-1		0		+1		+2

		Equipment														-2		-1		0		+1		+2

		Disposal		For 10 students, minimum waste volume is 2850 ml (corrosive)												-2		-1		0		+1		+2

																-2		-1		0		+1		+2

		Other														-2		-1		0		+1		+2

																		Cost						-2		-1		0		+1		+2

																								High								Low

		Resources														Availability

		Description														-2 (LOW)   -1   0   +1   +2 (HIGH)

		Laboratory		Glassware, chemicals, etc												-2		-1		0		+1		+2

		Facility		Storage for chemicals, hoods, etc.												-2		-1		0		+1		+2

		Safety		Fume hoods												-2		-1		0		+1		+2

		Personnel														-2		-1		0		+1		+2

		Other														-2		-1		0		+1		+2

																		Availability of						-2		-1		0		+1		+2

																		Resources						Low								High

		Ease of Implementation														-2 (DIFFICULT)   -1   0   +1   +2 (EASY)

		Department and administrative acceptance of change														-2		-1		0		+1		+2

		Funding necessary to implement changes														-2		-1		0		+1		+2

		Regulations and policies required for implementation														-2		-1		0		+1		+2

		Other														-2		-1		0		+1		+2

																		Ease of						-2		-1		0		+1		+2

																		Implementation						Low								High
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EQUL376_2

		EXPERIMENT:		EQUL376 - Determining the Dissociation Constant of a Weak Acid Using pH Measurements (Raney and Gillette, 1989)

		ALTERNATIVE:		Chemical subsitution II and scaling down

		Educational Value														Evaluation

		1. Importance and usefulness of concepts and techniques to the students														-2		-1		0		1		2

																Very Low				High				Very High

		2. Level of difficulty														-2		-1		0		1		2

																Not appropriate				Acceptable				Challenging

		3. Interesting experiment/technique														-2		-1		0		1		2

																Not interesting				OK				Very interesting

																		Educational Value						-2		-1		0		+1		+2

																								Low								High

		Safety Risks

		Name, Concentration														I		P		I		C		R		T		Oth		L

		Chloroacetic acid, 1M														x						x

		Acetic acid, 1M				Used as "unknown"										x						x

		Sodium bisulfite, 1M				Used as "unknown"										x						x

		Sodium hydroxide, 0.5M				Used for titration of unknown acids										x						x

																		Safety Risks						-2		-1		0		+1		+2

																								High								Low

		Input Materials (required for 10 students)																				Quantity

		Name				Concentration		Purpose/Step														Qty.		Units

		Chloroacetic, acetic acid,				1 M		Used as "unknown" acid														160		ml

		sodium bisulfite

		Sodium hydroxide				0.25 M		Used in tritation of unknown acids														250		ml

																		Input Materials						-2		-1		0		+1		+2

																								High								Low

		Waste Materials (generated from 10 students)																				Quantity

		Name				Concentration		Purpose/Step														Qty.		Units

		Acids and bases (see Input)				(see Input)		Collected from titrations														410		ml

																		Waste Materials						-2		-1		0		+1		+2

																								High								Low

		Cost of Implementation														Cost

																-2 (HIGH)   -1   0   +1   +2 (LOW)

		Type		Chloroacetic acid												-2		-1		0		+1		+2

				Sodium bisulfite												-2		-1		0		+1		+2

				Acetic acid												-2		-1		0		+1		+2

				Sodium hydroxide												-2		-1		0		+1		+2

		Personnel														-2		-1		0		+1		+2

		Equipment														-2		-1		0		+1		+2

		Disposal		For 10 students, minimum waste volume is 410 ml (corrosive)												-2		-1		0		+1		+2

																-2		-1		0		+1		+2

		Other														-2		-1		0		+1		+2

																		Cost						-2		-1		0		+1		+2

																								High								Low

		Resources														Availability

		Description														-2 (LOW)   -1   0   +1   +2 (HIGH)

		Laboratory		Glassware, chemicals, etc												-2		-1		0		+1		+2

		Facility		Storage for chemicals, hoods, etc.												-2		-1		0		+1		+2

		Safety		Fume hoods												-2		-1		0		+1		+2

		Personnel														-2		-1		0		+1		+2

		Other														-2		-1		0		+1		+2

																		Availability of						-2		-1		0		+1		+2

																		Resources						Low								High

		Ease of Implementation														-2 (DIFFICULT)   -1   0   +1   +2 (EASY)

		Department and administrative acceptance of change														-2		-1		0		+1		+2

		Funding necessary to implement changes														-2		-1		0		+1		+2

		Regulations and policies required for implementation														-2		-1		0		+1		+2

		Other														-2		-1		0		+1		+2

																		Ease of						-2		-1		0		+1		+2

																		Implementation						Low								High
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EQUL376_3

		EXPERIMENT:		EQUL376 - Determining the Dissociation Constant of a Weak Acid Using pH Measurements (Raney and Gillette, 1989)

		ALTERNATIVE:

		Educational Value														Evaluation

		1. Importance and usefulness of concepts and techniques to the students														-2		-1		0		1		2

																Very Low				High				Very High

		2. Level of difficulty														-2		-1		0		1		2

																Not appropriate				Acceptable				Challenging

		3. Interesting experiment/technique														-2		-1		0		1		2

																Not interesting				OK				Very interesting

																		Educational Value						-2		-1		0		+1		+2

																								Low								High

		Safety Risks

		Name, Concentration														I		P		I		C		R		T		Oth		L

		Unknown acid				Used as "unknown"										x						x

		Sodium hydroxide, 0.1 M				Used for titration of unknown acid										x						x

		Phenolphtalein				Used as indicator										x				x

																		Safety Risks						-2		-1		0		+1		+2

																								High								Low

		Input Materials (required for 10 students)																				Quantity

		Name				Concentration		Purpose/Step														Qty.		Units

		Unknown acid						Used as "unknown"														200		mg

		Sodium hydroxide				0.1 M		Used for titration of unknown acid														?		?

		Phenolphtalein						Used as indicator														10		drops

																		Input Materials						-2		-1		0		+1		+2

																								High								Low

		Waste Materials (generated from 10 students)																				Quantity

		Name				Concentration		Purpose/Step														Qty.		Units

		Acid, base, indicator, water						Collected from titrations														155		ml

																		Waste Materials						-2		-1		0		+1		+2

																								High								Low

		Cost of Implementation														Cost

																-2 (HIGH)   -1   0   +1   +2 (LOW)

		Chemical		Unknown weak acid												-2		-1		0		+1		+2

				Sodium hydroxide												-2		-1		0		+1		+2

				Phenolphtalein												-2		-1		0		+1		+2

		Personnel														-2		-1		0		+1		+2

		Equipment		Microburets												-2		-1		0		+1		+2

				Electrode pH meters												-2		-1		0		+1		+2

				Accurate digital balance (milligrams)												-2		-1		0		+1		+2

		Disposal		For 10 students, minimum waste volume is 155 ml (corrosive)												-2		-1		0		+1		+2

		Other														-2		-1		0		+1		+2

																		Cost						-2		-1		0		+1		+2

																								High								Low

		Resources														Availability

		Description														-2 (LOW)   -1   0   +1   +2 (HIGH)

		Laboratory		Microburets, electrode pH meters, accurate digital balance												-2		-1		0		+1		+2

		Facility		Storage for chemicals, hoods, etc.												-2		-1		0		+1		+2

		Safety		Fume hoods												-2		-1		0		+1		+2

		Personnel														-2		-1		0		+1		+2

		Other														-2		-1		0		+1		+2

																		Availability of						-2		-1		0		+1		+2

																		Resources						Low								High

		Ease of Implementation														-2 (DIFFICULT)   -1   0   +1   +2 (EASY)

		Department and administrative acceptance of change														-2		-1		0		+1		+2

		Funding necessary to implement changes														-2		-1		0		+1		+2

		Regulations and policies required for implementation														-2		-1		0		+1		+2

		Other														-2		-1		0		+1		+2

																		Ease of						-2		-1		0		+1		+2

																		Implementation						Low								High
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		Alternartive				Meets Teaching Objectives				Raw Material Needs				Resources Needed				Waste Generated				Cost				Implementation

		Source Elimination/

		Reduction

		Chemical Substitution

		Scale Down Experiments

		Microscale Experiments

		Alternative Teaching

		Methods

		Material Management

		Recycle/Reuse

		Chemical Redistribution

		Recycle/Reuse





Matrix1

		EXPERIMENT:		__________________________________________________________________

		ALTERNATIVE:		__________________________________________________________________

		Educational Value														-2 (Decrease)   -1   0   +1   +2 (Increase)

		1. Demonstration of useful and/or new concepts/techniques to the students														-2		-1		0		1		2

		2. Level of difficulty														-2		-1		0		1		2

		3. Interesting experiment/technique														-2		-1		0		1		2

																Educational Value						-2		-1		0		+1		+2

																						Decrease				No Change				Increase

		Safety Risks

		Name, Concentration														R		I		P		I		C		O		R		T		Oth

																		Safety Risks						-2		-1		0		+1		+2

																								High								Low

		Input Materials																				Quantity

		Name				Concentration		Purpose/Step														Qty.		Units

																		Input Materials						-2		-1		0		+1		+2

																								High								Low

		Waste Materials																				Quantity

		Name				Concentration		Purpose/Step														Qty.		Units

																		Waste Materials						-2		-1		0		+1		+2

																								High								Low

		Cost of Implementation																				Cost

		Chemicals

		Personnel

		Equipment

		Disposal

		Other

																		Cost						-2		-1		0		+1		+2

																								High Cost								Low Cost

		Resources														Availability

																-2 (LOW)   -1   0   +1   +2 (HIGH)

		Laboratory														-2		-1		0		+1		+2

		Facility														-2		-1		0		+1		+2

		Safety														-2		-1		0		+1		+2

		Personnel														-2		-1		0		+1		+2

		Other														-2		-1		0		+1		+2

																		Resources						-2		-1		0		+1		+2

																								Not								Readily

																								Available								Available

		Ease of Implementation														-2 (DIFFICULT)   -1   0   +1   +2 (EASY)

		Department and administrative acceptance of change														-2		-1		0		+1		+2

		Funding necessary to implement changes														-2		-1		0		+1		+2

		Regulations and policies required for implementation														-2		-1		0		+1		+2

		Other														-2		-1		0		+1		+2

																		Ease of						-2		-1		0		+1		+2

																		Implementation						Difficult								Easy
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Matrix2

		EXPERIMENT:

		ALTERNATIVE:

		Educational Value														Evaluation

		1. Importance and usefulness of concepts and techniques to the students														-2		-1		0		+1		+2

																Very Low				High				Very High

		2. Level of difficulty														-2		-1		0		+1		+2

																Not appropriate				Acceptable				Challenging

		3. Interesting experiment/technique														-2		-1		0		+1		+2

																Not interesting				OK				Very interesting

																		Educational Value						-2		-1		0		+1		+2

																								Low								High

		Safety Risks

		Name, Concentration														I		P		I		C		R		T		Oth		L

																		Safety Risks						-2		-1		0		+1		+2

																								High								Low

		Input Materials (required for ___ students)																				Quantity

		Name				Concentration		Purpose/Step														Qty.		Units

																		Input Materials						-2		-1		0		+1		+2

																								High								Low

		Waste Materials (generated from ___ students)																				Quantity

		Name				Concentration		Purpose/Step														Qty.		Units

																		Waste Materials						-2		-1		0		+1		+2

																								High								Low

		Cost of Implementation														Cost

		Description														-2 (HIGH)   -1   0   +1   +2 (LOW)

		Chemicals														-2		-1		0		+1		+2

																-2		-1		0		+1		+2

																-2		-1		0		+1		+2

		Personnel														-2		-1		0		+1		+2

		Equipment														-2		-1		0		+1		+2

																-2		-1		0		+1		+2

		Disposal														-2		-1		0		+1		+2

																-2		-1		0		+1		+2

		Other														-2		-1		0		+1		+2

																		Cost						-2		-1		0		+1		+2

																								High								Low

		Resources														Availability

		Description														-2 (LOW)   -1   0   +1   +2 (HIGH)

		Laboratory														-2		-1		0		+1		+2

		Facility														-2		-1		0		+1		+2

		Safety														-2		-1		0		+1		+2

		Personnel														-2		-1		0		+1		+2

		Other														-2		-1		0		+1		+2

																		Availability of						-2		-1		0		+1		+2

																		Resources						Low								High

		Ease of Implementation														-2 (DIFFICULT)   -1   0   +1   +2 (EASY)

		Department and administrative acceptance of change														-2		-1		0		+1		+2

		Funding necessary to implement changes														-2		-1		0		+1		+2

		Regulations and policies required for implementation														-2		-1		0		+1		+2

		Other														-2		-1		0		+1		+2

																		Ease of						-2		-1		0		+1		+2

																		Implementation						Low								High





EQUL376_1

		EXPERIMENT:		EQUL376 - Determining the Dissociation Constant of a Weak Acid Using pH Measurements (Raney and Gillette, 1989)

		ALTERNATIVE:		Original

		Educational Value														Evaluation

		1. Importance and usefulness of concepts and techniques to the students														-2		-1		0		1		2

																Very Low				High				Very High

		2. Level of difficulty														-2		-1		0		1		2

																Not appropriate				Acceptable				Challenging

		3. Interesting experiment/technique														-2		-1		0		1		2

																Not interesting				OK				Very interesting

																		Educational Value						-2		-1		0		+1		+2

																								Low								High

		Safety Risks

		Name, Concentration														I		P		I		C		R		T		Oth		L

		Formic acid, 1M				Used as "unknown" for pKa determinations										x						x

		Acetic acid, 1M				Used as "unknown" for pKa determinations										x						x

		Sodium bisulfite, 1M				Used as "unknown" for pKa determinations										x						x

		Sodium hydroxide, 0.5M				Used for titration of unknown acids										x						x

																		Safety Risks						-2		-1		0		+1		+2

																								High								Low

		Input Materials (required for 10 students)																				Quantity

		Name				Concentration		Purpose/Step														Qty.		Units

		Formic acid, acetic acid,				1 M		Used as "unknown" acid														1600		ml

		sodium bisulfite

		Sodium hydroxide				0.5 M		Used in tritation of unknown acids														1250		ml

																		Input Materials						-2		-1		0		+1		+2

																								High								Low

		Waste Materials (generated from 10 students)																				Quantity

		Name				Concentration		Purpose/Step														Qty.		Units

		Acids and bases (see Input)				(see Input)		Collected from titrations														2850		ml

																		Waste Materials						-2		-1		0		+1		+2

																								High								Low

		Cost of Implementation														Cost

		Description														-2 (HIGH)   -1   0   +1   +2 (LOW)

		Chemical		Formic acid												-2		-1		0		+1		+2

				Acetic acid												-2		-1		0		+1		+2

				Sodium bisulfite												-2		-1		0		+1		+2

				Sodium hydroxide												-2		-1		0		+1		+2

		Personnel														-2		-1		0		+1		+2

		Equipment														-2		-1		0		+1		+2

		Disposal		For 10 students, minimum waste volume is 2850 ml (corrosive)												-2		-1		0		+1		+2

																-2		-1		0		+1		+2

		Other														-2		-1		0		+1		+2

																		Cost						-2		-1		0		+1		+2

																								High								Low

		Resources														Availability

		Description														-2 (LOW)   -1   0   +1   +2 (HIGH)

		Laboratory		Glassware, chemicals, etc												-2		-1		0		+1		+2

		Facility		Storage for chemicals, hoods, etc.												-2		-1		0		+1		+2

		Safety		Fume hoods												-2		-1		0		+1		+2

		Personnel														-2		-1		0		+1		+2

		Other														-2		-1		0		+1		+2

																		Availability of						-2		-1		0		+1		+2

																		Resources						Low								High

		Ease of Implementation														-2 (DIFFICULT)   -1   0   +1   +2 (EASY)

		Department and administrative acceptance of change														-2		-1		0		+1		+2

		Funding necessary to implement changes														-2		-1		0		+1		+2

		Regulations and policies required for implementation														-2		-1		0		+1		+2

		Other														-2		-1		0		+1		+2

																		Ease of						-2		-1		0		+1		+2

																		Implementation						Low								High
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EQUL376_2

		EXPERIMENT:		EQUL376 - Determining the Dissociation Constant of a Weak Acid Using pH Measurements (Raney and Gillette, 1989)

		ALTERNATIVE:		Chemical subsitution II and scaling down

		Educational Value														Evaluation

		1. Importance and usefulness of concepts and techniques to the students														-2		-1		0		1		2

																Very Low				High				Very High

		2. Level of difficulty														-2		-1		0		1		2

																Not appropriate				Acceptable				Challenging

		3. Interesting experiment/technique														-2		-1		0		1		2

																Not interesting				OK				Very interesting

																		Educational Value						-2		-1		0		+1		+2

																								Low								High

		Safety Risks

		Name, Concentration														I		P		I		C		R		T		Oth		L

		Chloroacetic acid, 1M														x						x

		Acetic acid, 1M				Used as "unknown"										x						x

		Sodium bisulfite, 1M				Used as "unknown"										x						x

		Sodium hydroxide, 0.5M				Used for titration of unknown acids										x						x

																		Safety Risks						-2		-1		0		+1		+2

																								High								Low

		Input Materials (required for 10 students)																				Quantity

		Name				Concentration		Purpose/Step														Qty.		Units

		Chloroacetic, acetic acid,				1 M		Used as "unknown" acid														160		ml

		sodium bisulfite

		Sodium hydroxide				0.25 M		Used in tritation of unknown acids														250		ml

																		Input Materials						-2		-1		0		+1		+2

																								High								Low

		Waste Materials (generated from 10 students)																				Quantity

		Name				Concentration		Purpose/Step														Qty.		Units

		Acids and bases (see Input)				(see Input)		Collected from titrations														410		ml

																		Waste Materials						-2		-1		0		+1		+2

																								High								Low

		Cost of Implementation														Cost

																-2 (HIGH)   -1   0   +1   +2 (LOW)

		Type		Chloroacetic acid												-2		-1		0		+1		+2

				Sodium bisulfite												-2		-1		0		+1		+2

				Acetic acid												-2		-1		0		+1		+2

				Sodium hydroxide												-2		-1		0		+1		+2

		Personnel														-2		-1		0		+1		+2

		Equipment														-2		-1		0		+1		+2

		Disposal		For 10 students, minimum waste volume is 410 ml (corrosive)												-2		-1		0		+1		+2

																-2		-1		0		+1		+2

		Other														-2		-1		0		+1		+2

																		Cost						-2		-1		0		+1		+2

																								High								Low

		Resources														Availability

		Description														-2 (LOW)   -1   0   +1   +2 (HIGH)

		Laboratory		Glassware, chemicals, etc												-2		-1		0		+1		+2

		Facility		Storage for chemicals, hoods, etc.												-2		-1		0		+1		+2

		Safety		Fume hoods												-2		-1		0		+1		+2

		Personnel														-2		-1		0		+1		+2

		Other														-2		-1		0		+1		+2

																		Availability of						-2		-1		0		+1		+2

																		Resources						Low								High

		Ease of Implementation														-2 (DIFFICULT)   -1   0   +1   +2 (EASY)

		Department and administrative acceptance of change														-2		-1		0		+1		+2

		Funding necessary to implement changes														-2		-1		0		+1		+2

		Regulations and policies required for implementation														-2		-1		0		+1		+2

		Other														-2		-1		0		+1		+2

																		Ease of						-2		-1		0		+1		+2

																		Implementation						Low								High
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EQUL376_3

		EXPERIMENT:		EQUL376 - Determining the Dissociation Constant of a Weak Acid Using pH Measurements (Raney and Gillette, 1989)

		ALTERNATIVE:

		Educational Value														Evaluation

		1. Importance and usefulness of concepts and techniques to the students														-2		-1		0		1		2

																Very Low				High				Very High

		2. Level of difficulty														-2		-1		0		1		2

																Not appropriate				Acceptable				Challenging

		3. Interesting experiment/technique														-2		-1		0		1		2

																Not interesting				OK				Very interesting

																		Educational Value						-2		-1		0		+1		+2

																								Low								High

		Safety Risks

		Name, Concentration														I		P		I		C		R		T		Oth		L

		Unknown acid				Used as "unknown"										x						x

		Sodium hydroxide, 0.1 M				Used for titration of unknown acid										x						x

		Phenolphtalein				Used as indicator										x				x

																		Safety Risks						-2		-1		0		+1		+2

																								High								Low

		Input Materials (required for 10 students)																				Quantity

		Name				Concentration		Purpose/Step														Qty.		Units

		Unknown acid						Used as "unknown"														200		mg

		Sodium hydroxide				0.1 M		Used for titration of unknown acid														?		?

		Phenolphtalein						Used as indicator														10		drops

																		Input Materials						-2		-1		0		+1		+2

																								High								Low

		Waste Materials (generated from 10 students)																				Quantity

		Name				Concentration		Purpose/Step														Qty.		Units

		Acid, base, indicator, water						Collected from titrations														155		ml

																		Waste Materials						-2		-1		0		+1		+2

																								High								Low

		Cost of Implementation														Cost

																-2 (HIGH)   -1   0   +1   +2 (LOW)

		Chemical		Unknown weak acid												-2		-1		0		+1		+2

				Sodium hydroxide												-2		-1		0		+1		+2

				Phenolphtalein												-2		-1		0		+1		+2

		Personnel														-2		-1		0		+1		+2

		Equipment		Microburets												-2		-1		0		+1		+2

				Electrode pH meters												-2		-1		0		+1		+2

				Accurate digital balance (milligrams)												-2		-1		0		+1		+2

		Disposal		For 10 students, minimum waste volume is 155 ml (corrosive)												-2		-1		0		+1		+2

		Other														-2		-1		0		+1		+2

																		Cost						-2		-1		0		+1		+2

																								High								Low

		Resources														Availability

		Description														-2 (LOW)   -1   0   +1   +2 (HIGH)

		Laboratory		Microburets, electrode pH meters, accurate digital balance												-2		-1		0		+1		+2

		Facility		Storage for chemicals, hoods, etc.												-2		-1		0		+1		+2

		Safety		Fume hoods												-2		-1		0		+1		+2

		Personnel														-2		-1		0		+1		+2

		Other														-2		-1		0		+1		+2

																		Availability of						-2		-1		0		+1		+2

																		Resources						Low								High

		Ease of Implementation														-2 (DIFFICULT)   -1   0   +1   +2 (EASY)

		Department and administrative acceptance of change														-2		-1		0		+1		+2

		Funding necessary to implement changes														-2		-1		0		+1		+2

		Regulations and policies required for implementation														-2		-1		0		+1		+2

		Other														-2		-1		0		+1		+2

																		Ease of						-2		-1		0		+1		+2

																		Implementation						Low								High
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		Alternartive				Meets Teaching Objectives				Raw Material Needs				Resources Needed				Waste Generated				Cost				Implementation

		Source Elimination/

		Reduction

		Chemical Substitution

		Scale Down Experiments

		Microscale Experiments

		Alternative Teaching

		Methods

		Material Management

		Recycle/Reuse

		Chemical Redistribution

		Recycle/Reuse





Matrix1

		EXPERIMENT:		__________________________________________________________________

		ALTERNATIVE:		__________________________________________________________________

		Educational Value														-2 (Decrease)   -1   0   +1   +2 (Increase)

		1. Demonstration of useful and/or new concepts/techniques to the students														-2		-1		0		1		2

		2. Level of difficulty														-2		-1		0		1		2

		3. Interesting experiment/technique														-2		-1		0		1		2

																Educational Value						-2		-1		0		+1		+2

																						Decrease				No Change				Increase

		Safety Risks

		Name, Concentration														R		I		P		I		C		O		R		T		Oth

																		Safety Risks						-2		-1		0		+1		+2

																								High								Low

		Input Materials																				Quantity

		Name				Concentration		Purpose/Step														Qty.		Units

																		Input Materials						-2		-1		0		+1		+2

																								High								Low

		Waste Materials																				Quantity

		Name				Concentration		Purpose/Step														Qty.		Units

																		Waste Materials						-2		-1		0		+1		+2

																								High								Low

		Cost of Implementation																				Cost

		Chemicals

		Personnel

		Equipment

		Disposal

		Other

																		Cost						-2		-1		0		+1		+2

																								High Cost								Low Cost

		Resources														Availability

																-2 (LOW)   -1   0   +1   +2 (HIGH)

		Laboratory														-2		-1		0		+1		+2

		Facility														-2		-1		0		+1		+2

		Safety														-2		-1		0		+1		+2

		Personnel														-2		-1		0		+1		+2

		Other														-2		-1		0		+1		+2

																		Resources						-2		-1		0		+1		+2

																								Not								Readily

																								Available								Available

		Ease of Implementation														-2 (DIFFICULT)   -1   0   +1   +2 (EASY)

		Department and administrative acceptance of change														-2		-1		0		+1		+2

		Funding necessary to implement changes														-2		-1		0		+1		+2

		Regulations and policies required for implementation														-2		-1		0		+1		+2

		Other														-2		-1		0		+1		+2

																		Ease of						-2		-1		0		+1		+2

																		Implementation						Difficult								Easy
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Matrix2

		EXPERIMENT:

		ALTERNATIVE:

		Educational Value														Evaluation

		1. Importance and usefulness of concepts and techniques to the students														-2		-1		0		+1		+2

																Very Low				High				Very High

		2. Level of difficulty														-2		-1		0		+1		+2

																Not appropriate				Acceptable				Challenging

		3. Interesting experiment/technique														-2		-1		0		+1		+2

																Not interesting				OK				Very interesting

																		Educational Value						-2		-1		0		+1		+2

																								Low								High

		Safety Risks

		Name, Concentration														I		P		I		C		R		T		Oth		L

																		Safety Risks						-2		-1		0		+1		+2

																								High								Low

		Input Materials (required for ___ students)																				Quantity

		Name				Concentration		Purpose/Step														Qty.		Units

																		Input Materials						-2		-1		0		+1		+2

																								High								Low

		Waste Materials (generated from ___ students)																				Quantity

		Name				Concentration		Purpose/Step														Qty.		Units

																		Waste Materials						-2		-1		0		+1		+2

																								High								Low

		Cost of Implementation														Cost

		Description														-2 (HIGH)   -1   0   +1   +2 (LOW)

		Chemicals														-2		-1		0		+1		+2

																-2		-1		0		+1		+2

																-2		-1		0		+1		+2

		Personnel														-2		-1		0		+1		+2

		Equipment														-2		-1		0		+1		+2

																-2		-1		0		+1		+2

		Disposal														-2		-1		0		+1		+2

																-2		-1		0		+1		+2

		Other														-2		-1		0		+1		+2

																		Cost						-2		-1		0		+1		+2

																								High								Low

		Resources														Availability

		Description														-2 (LOW)   -1   0   +1   +2 (HIGH)

		Laboratory														-2		-1		0		+1		+2

		Facility														-2		-1		0		+1		+2

		Safety														-2		-1		0		+1		+2

		Personnel														-2		-1		0		+1		+2

		Other														-2		-1		0		+1		+2

																		Availability of						-2		-1		0		+1		+2

																		Resources						Low								High

		Ease of Implementation														-2 (DIFFICULT)   -1   0   +1   +2 (EASY)

		Department and administrative acceptance of change														-2		-1		0		+1		+2

		Funding necessary to implement changes														-2		-1		0		+1		+2

		Regulations and policies required for implementation														-2		-1		0		+1		+2

		Other														-2		-1		0		+1		+2

																		Ease of						-2		-1		0		+1		+2

																		Implementation						Low								High





EQUL376_1

		EXPERIMENT:		EQUL376 - Determining the Dissociation Constant of a Weak Acid Using pH Measurements (Raney and Gillette, 1989)

		ALTERNATIVE:		Original

		Educational Value														Evaluation

		1. Importance and usefulness of concepts and techniques to the students														-2		-1		0		1		2

																Very Low				High				Very High

		2. Level of difficulty														-2		-1		0		1		2

																Not appropriate				Acceptable				Challenging

		3. Interesting experiment/technique														-2		-1		0		1		2

																Not interesting				OK				Very interesting

																		Educational Value						-2		-1		0		+1		+2

																								Low								High

		Safety Risks

		Name, Concentration														I		P		I		C		R		T		Oth		L

		Formic acid, 1M				Used as "unknown" for pKa determinations										x						x

		Acetic acid, 1M				Used as "unknown" for pKa determinations										x						x

		Sodium bisulfite, 1M				Used as "unknown" for pKa determinations										x						x

		Sodium hydroxide, 0.5M				Used for titration of unknown acids										x						x

																		Safety Risks						-2		-1		0		+1		+2

																								High								Low

		Input Materials (required for 10 students)																				Quantity

		Name				Concentration		Purpose/Step														Qty.		Units

		Formic acid, acetic acid,				1 M		Used as "unknown" acid														1600		ml

		sodium bisulfite

		Sodium hydroxide				0.5 M		Used in tritation of unknown acids														1250		ml

																		Input Materials						-2		-1		0		+1		+2

																								High								Low

		Waste Materials (generated from 10 students)																				Quantity

		Name				Concentration		Purpose/Step														Qty.		Units

		Acids and bases (see Input)				(see Input)		Collected from titrations														2850		ml

																		Waste Materials						-2		-1		0		+1		+2

																								High								Low

		Cost of Implementation														Cost

		Description														-2 (HIGH)   -1   0   +1   +2 (LOW)

		Chemical		Formic acid												-2		-1		0		+1		+2

				Acetic acid												-2		-1		0		+1		+2

				Sodium bisulfite												-2		-1		0		+1		+2

				Sodium hydroxide												-2		-1		0		+1		+2

		Personnel														-2		-1		0		+1		+2

		Equipment														-2		-1		0		+1		+2

		Disposal		For 10 students, minimum waste volume is 2850 ml (corrosive)												-2		-1		0		+1		+2

																-2		-1		0		+1		+2

		Other														-2		-1		0		+1		+2

																		Cost						-2		-1		0		+1		+2

																								High								Low

		Resources														Availability

		Description														-2 (LOW)   -1   0   +1   +2 (HIGH)

		Laboratory		Glassware, chemicals, etc												-2		-1		0		+1		+2

		Facility		Storage for chemicals, hoods, etc.												-2		-1		0		+1		+2

		Safety		Fume hoods												-2		-1		0		+1		+2

		Personnel														-2		-1		0		+1		+2

		Other														-2		-1		0		+1		+2

																		Availability of						-2		-1		0		+1		+2

																		Resources						Low								High

		Ease of Implementation														-2 (DIFFICULT)   -1   0   +1   +2 (EASY)

		Department and administrative acceptance of change														-2		-1		0		+1		+2

		Funding necessary to implement changes														-2		-1		0		+1		+2

		Regulations and policies required for implementation														-2		-1		0		+1		+2

		Other														-2		-1		0		+1		+2

																		Ease of						-2		-1		0		+1		+2

																		Implementation						Low								High
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EQUL376_2

		EXPERIMENT:		EQUL376 - Determining the Dissociation Constant of a Weak Acid Using pH Measurements (Raney and Gillette, 1989)

		ALTERNATIVE:		Chemical subsitution II and scaling down

		Educational Value														Evaluation

		1. Importance and usefulness of concepts and techniques to the students														-2		-1		0		1		2

																Very Low				High				Very High

		2. Level of difficulty														-2		-1		0		1		2

																Not appropriate				Acceptable				Challenging

		3. Interesting experiment/technique														-2		-1		0		1		2

																Not interesting				OK				Very interesting

																		Educational Value						-2		-1		0		+1		+2

																								Low								High

		Safety Risks

		Name, Concentration														I		P		I		C		R		T		Oth		L

		Chloroacetic acid, 1M														x						x

		Acetic acid, 1M				Used as "unknown"										x						x

		Sodium bisulfite, 1M				Used as "unknown"										x						x

		Sodium hydroxide, 0.5M				Used for titration of unknown acids										x						x

																		Safety Risks						-2		-1		0		+1		+2

																								High								Low

		Input Materials (required for 10 students)																				Quantity

		Name				Concentration		Purpose/Step														Qty.		Units

		Chloroacetic, acetic acid,				1 M		Used as "unknown" acid														160		ml

		sodium bisulfite

		Sodium hydroxide				0.25 M		Used in tritation of unknown acids														250		ml

																		Input Materials						-2		-1		0		+1		+2

																								High								Low

		Waste Materials (generated from 10 students)																				Quantity

		Name				Concentration		Purpose/Step														Qty.		Units

		Acids and bases (see Input)				(see Input)		Collected from titrations														410		ml

																		Waste Materials						-2		-1		0		+1		+2

																								High								Low

		Cost of Implementation														Cost

																-2 (HIGH)   -1   0   +1   +2 (LOW)

		Type		Chloroacetic acid												-2		-1		0		+1		+2

				Sodium bisulfite												-2		-1		0		+1		+2

				Acetic acid												-2		-1		0		+1		+2

				Sodium hydroxide												-2		-1		0		+1		+2

		Personnel														-2		-1		0		+1		+2

		Equipment														-2		-1		0		+1		+2

		Disposal		For 10 students, minimum waste volume is 410 ml (corrosive)												-2		-1		0		+1		+2

																-2		-1		0		+1		+2

		Other														-2		-1		0		+1		+2

																		Cost						-2		-1		0		+1		+2

																								High								Low

		Resources														Availability

		Description														-2 (LOW)   -1   0   +1   +2 (HIGH)

		Laboratory		Glassware, chemicals, etc												-2		-1		0		+1		+2

		Facility		Storage for chemicals, hoods, etc.												-2		-1		0		+1		+2

		Safety		Fume hoods												-2		-1		0		+1		+2

		Personnel														-2		-1		0		+1		+2

		Other														-2		-1		0		+1		+2

																		Availability of						-2		-1		0		+1		+2

																		Resources						Low								High

		Ease of Implementation														-2 (DIFFICULT)   -1   0   +1   +2 (EASY)

		Department and administrative acceptance of change														-2		-1		0		+1		+2

		Funding necessary to implement changes														-2		-1		0		+1		+2

		Regulations and policies required for implementation														-2		-1		0		+1		+2

		Other														-2		-1		0		+1		+2

																		Ease of						-2		-1		0		+1		+2

																		Implementation						Low								High
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EQUL376_3

		EXPERIMENT:		EQUL376 - Determining the Dissociation Constant of a Weak Acid Using pH Measurements (Raney and Gillette, 1989)

		ALTERNATIVE:

		Educational Value														Evaluation

		1. Importance and usefulness of concepts and techniques to the students														-2		-1		0		1		2

																Very Low				High				Very High

		2. Level of difficulty														-2		-1		0		1		2

																Not appropriate				Acceptable				Challenging

		3. Interesting experiment/technique														-2		-1		0		1		2

																Not interesting				OK				Very interesting

																		Educational Value						-2		-1		0		+1		+2

																								Low								High

		Safety Risks

		Name, Concentration														I		P		I		C		R		T		Oth		L

		Unknown acid				Used as "unknown"										x						x

		Sodium hydroxide, 0.1 M				Used for titration of unknown acid										x						x

		Phenolphtalein				Used as indicator										x				x

																		Safety Risks						-2		-1		0		+1		+2

																								High								Low

		Input Materials (required for 10 students)																				Quantity

		Name				Concentration		Purpose/Step														Qty.		Units

		Unknown acid						Used as "unknown"														200		mg

		Sodium hydroxide				0.1 M		Used for titration of unknown acid														?		?

		Phenolphtalein						Used as indicator														10		drops

																		Input Materials						-2		-1		0		+1		+2

																								High								Low

		Waste Materials (generated from 10 students)																				Quantity

		Name				Concentration		Purpose/Step														Qty.		Units

		Acid, base, indicator, water						Collected from titrations														155		ml

																		Waste Materials						-2		-1		0		+1		+2

																								High								Low

		Cost of Implementation														Cost

																-2 (HIGH)   -1   0   +1   +2 (LOW)

		Chemical		Unknown weak acid												-2		-1		0		+1		+2

				Sodium hydroxide												-2		-1		0		+1		+2

				Phenolphtalein												-2		-1		0		+1		+2

		Personnel														-2		-1		0		+1		+2

		Equipment		Microburets												-2		-1		0		+1		+2

				Electrode pH meters												-2		-1		0		+1		+2

				Accurate digital balance (milligrams)												-2		-1		0		+1		+2

		Disposal		For 10 students, minimum waste volume is 155 ml (corrosive)												-2		-1		0		+1		+2

		Other														-2		-1		0		+1		+2

																		Cost						-2		-1		0		+1		+2

																								High								Low

		Resources														Availability

		Description														-2 (LOW)   -1   0   +1   +2 (HIGH)

		Laboratory		Microburets, electrode pH meters, accurate digital balance												-2		-1		0		+1		+2

		Facility		Storage for chemicals, hoods, etc.												-2		-1		0		+1		+2

		Safety		Fume hoods												-2		-1		0		+1		+2

		Personnel														-2		-1		0		+1		+2

		Other														-2		-1		0		+1		+2

																		Availability of						-2		-1		0		+1		+2

																		Resources						Low								High

		Ease of Implementation														-2 (DIFFICULT)   -1   0   +1   +2 (EASY)

		Department and administrative acceptance of change														-2		-1		0		+1		+2

		Funding necessary to implement changes														-2		-1		0		+1		+2

		Regulations and policies required for implementation														-2		-1		0		+1		+2

		Other														-2		-1		0		+1		+2

																		Ease of						-2		-1		0		+1		+2

																		Implementation						Low								High
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		Alternartive				Meets Teaching Objectives				Raw Material Needs				Resources Needed				Waste Generated				Cost				Implementation

		Source Elimination/

		Reduction

		Chemical Substitution

		Scale Down Experiments

		Microscale Experiments

		Alternative Teaching

		Methods

		Material Management

		Recycle/Reuse

		Chemical Redistribution

		Recycle/Reuse





Matrix1

		EXPERIMENT:		__________________________________________________________________

		ALTERNATIVE:		__________________________________________________________________

		Educational Value														-2 (Decrease)   -1   0   +1   +2 (Increase)

		1. Demonstration of useful and/or new concepts/techniques to the students														-2		-1		0		1		2

		2. Level of difficulty														-2		-1		0		1		2

		3. Interesting experiment/technique														-2		-1		0		1		2

																Educational Value						-2		-1		0		+1		+2

																						Decrease				No Change				Increase

		Safety Risks

		Name, Concentration														R		I		P		I		C		O		R		T		Oth

																		Safety Risks						-2		-1		0		+1		+2

																								High								Low

		Input Materials																				Quantity

		Name				Concentration		Purpose/Step														Qty.		Units

																		Input Materials						-2		-1		0		+1		+2

																								High								Low

		Waste Materials																				Quantity

		Name				Concentration		Purpose/Step														Qty.		Units

																		Waste Materials						-2		-1		0		+1		+2

																								High								Low

		Cost of Implementation																				Cost

		Chemicals

		Personnel

		Equipment

		Disposal

		Other

																		Cost						-2		-1		0		+1		+2

																								High Cost								Low Cost

		Resources														Availability

																-2 (LOW)   -1   0   +1   +2 (HIGH)

		Laboratory														-2		-1		0		+1		+2

		Facility														-2		-1		0		+1		+2

		Safety														-2		-1		0		+1		+2

		Personnel														-2		-1		0		+1		+2

		Other														-2		-1		0		+1		+2

																		Resources						-2		-1		0		+1		+2

																								Not								Readily

																								Available								Available

		Ease of Implementation														-2 (DIFFICULT)   -1   0   +1   +2 (EASY)

		Department and administrative acceptance of change														-2		-1		0		+1		+2

		Funding necessary to implement changes														-2		-1		0		+1		+2

		Regulations and policies required for implementation														-2		-1		0		+1		+2

		Other														-2		-1		0		+1		+2

																		Ease of						-2		-1		0		+1		+2

																		Implementation						Difficult								Easy
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Matrix2

		EXPERIMENT:

		ALTERNATIVE:

		Educational Value														Evaluation

		1. Importance and usefulness of concepts and techniques to the students														-2		-1		0		+1		+2

																Very Low				High				Very High

		2. Level of difficulty														-2		-1		0		+1		+2

																Not appropriate				Acceptable				Challenging

		3. Interesting experiment/technique														-2		-1		0		+1		+2

																Not interesting				OK				Very interesting

																		Educational Value						-2		-1		0		+1		+2

																								Low								High

		Safety Risks

		Name, Concentration														I		P		I		C		R		T		Oth		L

																		Safety Risks						-2		-1		0		+1		+2

																								High								Low

		Input Materials (required for ___ students)																				Quantity

		Name				Concentration		Purpose/Step														Qty.		Units

																		Input Materials						-2		-1		0		+1		+2

																								High								Low

		Waste Materials (generated from ___ students)																				Quantity

		Name				Concentration		Purpose/Step														Qty.		Units

																		Waste Materials						-2		-1		0		+1		+2

																								High								Low

		Cost of Implementation														Cost

		Description														-2 (HIGH)   -1   0   +1   +2 (LOW)

		Chemicals														-2		-1		0		+1		+2

																-2		-1		0		+1		+2

																-2		-1		0		+1		+2

		Personnel														-2		-1		0		+1		+2

		Equipment														-2		-1		0		+1		+2

																-2		-1		0		+1		+2

		Disposal														-2		-1		0		+1		+2

																-2		-1		0		+1		+2

		Other														-2		-1		0		+1		+2

																		Cost						-2		-1		0		+1		+2

																								High								Low

		Resources														Availability

		Description														-2 (LOW)   -1   0   +1   +2 (HIGH)

		Laboratory														-2		-1		0		+1		+2

		Facility														-2		-1		0		+1		+2

		Safety														-2		-1		0		+1		+2

		Personnel														-2		-1		0		+1		+2

		Other														-2		-1		0		+1		+2

																		Availability of						-2		-1		0		+1		+2

																		Resources						Low								High

		Ease of Implementation														-2 (DIFFICULT)   -1   0   +1   +2 (EASY)

		Department and administrative acceptance of change														-2		-1		0		+1		+2

		Funding necessary to implement changes														-2		-1		0		+1		+2

		Regulations and policies required for implementation														-2		-1		0		+1		+2

		Other														-2		-1		0		+1		+2

																		Ease of						-2		-1		0		+1		+2

																		Implementation						Low								High





EQUL376_1

		EXPERIMENT:		EQUL376 - Determining the Dissociation Constant of a Weak Acid Using pH Measurements (Raney and Gillette, 1989)

		ALTERNATIVE:		Original

		Educational Value														Evaluation

		1. Importance and usefulness of concepts and techniques to the students														-2		-1		0		1		2

																Very Low				High				Very High

		2. Level of difficulty														-2		-1		0		1		2

																Not appropriate				Acceptable				Challenging

		3. Interesting experiment/technique														-2		-1		0		1		2

																Not interesting				OK				Very interesting

																		Educational Value						-2		-1		0		+1		+2

																								Low								High

		Safety Risks

		Name, Concentration														I		P		I		C		R		T		Oth		L

		Formic acid, 1M				Used as "unknown" for pKa determinations										x						x

		Acetic acid, 1M				Used as "unknown" for pKa determinations										x						x

		Sodium bisulfite, 1M				Used as "unknown" for pKa determinations										x						x

		Sodium hydroxide, 0.5M				Used for titration of unknown acids										x						x

																		Safety Risks						-2		-1		0		+1		+2

																								High								Low

		Input Materials (required for 10 students)																				Quantity

		Name				Concentration		Purpose/Step														Qty.		Units

		Formic acid, acetic acid,				1 M		Used as "unknown" acid														1600		ml

		sodium bisulfite

		Sodium hydroxide				0.5 M		Used in tritation of unknown acids														1250		ml

																		Input Materials						-2		-1		0		+1		+2

																								High								Low

		Waste Materials (generated from 10 students)																				Quantity

		Name				Concentration		Purpose/Step														Qty.		Units

		Acids and bases (see Input)				(see Input)		Collected from titrations														2850		ml

																		Waste Materials						-2		-1		0		+1		+2

																								High								Low

		Cost of Implementation														Cost

		Description														-2 (HIGH)   -1   0   +1   +2 (LOW)

		Chemical		Formic acid												-2		-1		0		+1		+2

				Acetic acid												-2		-1		0		+1		+2

				Sodium bisulfite												-2		-1		0		+1		+2

				Sodium hydroxide												-2		-1		0		+1		+2

		Personnel														-2		-1		0		+1		+2

		Equipment														-2		-1		0		+1		+2

		Disposal		For 10 students, minimum waste volume is 2850 ml (corrosive)												-2		-1		0		+1		+2

																-2		-1		0		+1		+2

		Other														-2		-1		0		+1		+2

																		Cost						-2		-1		0		+1		+2

																								High								Low

		Resources														Availability

		Description														-2 (LOW)   -1   0   +1   +2 (HIGH)

		Laboratory		Glassware, chemicals, etc												-2		-1		0		+1		+2

		Facility		Storage for chemicals, hoods, etc.												-2		-1		0		+1		+2

		Safety		Fume hoods												-2		-1		0		+1		+2

		Personnel														-2		-1		0		+1		+2

		Other														-2		-1		0		+1		+2

																		Availability of						-2		-1		0		+1		+2

																		Resources						Low								High

		Ease of Implementation														-2 (DIFFICULT)   -1   0   +1   +2 (EASY)

		Department and administrative acceptance of change														-2		-1		0		+1		+2

		Funding necessary to implement changes														-2		-1		0		+1		+2

		Regulations and policies required for implementation														-2		-1		0		+1		+2

		Other														-2		-1		0		+1		+2

																		Ease of						-2		-1		0		+1		+2

																		Implementation						Low								High
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EQUL376_2

		EXPERIMENT:		EQUL376 - Determining the Dissociation Constant of a Weak Acid Using pH Measurements (Raney and Gillette, 1989)

		ALTERNATIVE:		Chemical subsitution II and scaling down

		Educational Value														Evaluation

		1. Importance and usefulness of concepts and techniques to the students														-2		-1		0		1		2

																Very Low				High				Very High

		2. Level of difficulty														-2		-1		0		1		2

																Not appropriate				Acceptable				Challenging

		3. Interesting experiment/technique														-2		-1		0		1		2

																Not interesting				OK				Very interesting

																		Educational Value						-2		-1		0		+1		+2

																								Low								High

		Safety Risks

		Name, Concentration														I		P		I		C		R		T		Oth		L

		Chloroacetic acid, 1M														x						x

		Acetic acid, 1M				Used as "unknown"										x						x

		Sodium bisulfite, 1M				Used as "unknown"										x						x

		Sodium hydroxide, 0.5M				Used for titration of unknown acids										x						x

																		Safety Risks						-2		-1		0		+1		+2

																								High								Low

		Input Materials (required for 10 students)																				Quantity

		Name				Concentration		Purpose/Step														Qty.		Units

		Chloroacetic, acetic acid,				1 M		Used as "unknown" acid														160		ml

		sodium bisulfite

		Sodium hydroxide				0.25 M		Used in tritation of unknown acids														250		ml

																		Input Materials						-2		-1		0		+1		+2

																								High								Low

		Waste Materials (generated from 10 students)																				Quantity

		Name				Concentration		Purpose/Step														Qty.		Units

		Acids and bases (see Input)				(see Input)		Collected from titrations														410		ml

																		Waste Materials						-2		-1		0		+1		+2

																								High								Low

		Cost of Implementation														Cost

																-2 (HIGH)   -1   0   +1   +2 (LOW)

		Type		Chloroacetic acid												-2		-1		0		+1		+2

				Sodium bisulfite												-2		-1		0		+1		+2

				Acetic acid												-2		-1		0		+1		+2

				Sodium hydroxide												-2		-1		0		+1		+2

		Personnel														-2		-1		0		+1		+2

		Equipment														-2		-1		0		+1		+2

		Disposal		For 10 students, minimum waste volume is 410 ml (corrosive)												-2		-1		0		+1		+2

																-2		-1		0		+1		+2

		Other														-2		-1		0		+1		+2

																		Cost						-2		-1		0		+1		+2

																								High								Low

		Resources														Availability

		Description														-2 (LOW)   -1   0   +1   +2 (HIGH)

		Laboratory		Glassware, chemicals, etc												-2		-1		0		+1		+2

		Facility		Storage for chemicals, hoods, etc.												-2		-1		0		+1		+2

		Safety		Fume hoods												-2		-1		0		+1		+2

		Personnel														-2		-1		0		+1		+2

		Other														-2		-1		0		+1		+2

																		Availability of						-2		-1		0		+1		+2

																		Resources						Low								High

		Ease of Implementation														-2 (DIFFICULT)   -1   0   +1   +2 (EASY)

		Department and administrative acceptance of change														-2		-1		0		+1		+2

		Funding necessary to implement changes														-2		-1		0		+1		+2

		Regulations and policies required for implementation														-2		-1		0		+1		+2

		Other														-2		-1		0		+1		+2

																		Ease of						-2		-1		0		+1		+2

																		Implementation						Low								High
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EQUL376_3

		EXPERIMENT:		EQUL376 - Determining the Dissociation Constant of a Weak Acid Using pH Measurements (Raney and Gillette, 1989)

		ALTERNATIVE:

		Educational Value														Evaluation

		1. Importance and usefulness of concepts and techniques to the students														-2		-1		0		1		2

																Very Low				High				Very High

		2. Level of difficulty														-2		-1		0		1		2

																Not appropriate				Acceptable				Challenging

		3. Interesting experiment/technique														-2		-1		0		1		2

																Not interesting				OK				Very interesting

																		Educational Value						-2		-1		0		+1		+2

																								Low								High

		Safety Risks

		Name, Concentration														I		P		I		C		R		T		Oth		L

		Unknown acid				Used as "unknown"										x						x

		Sodium hydroxide, 0.1 M				Used for titration of unknown acid										x						x

		Phenolphtalein				Used as indicator										x				x

																		Safety Risks						-2		-1		0		+1		+2

																								High								Low

		Input Materials (required for 10 students)																				Quantity

		Name				Concentration		Purpose/Step														Qty.		Units

		Unknown acid						Used as "unknown"														200		mg

		Sodium hydroxide				0.1 M		Used for titration of unknown acid														?		?

		Phenolphtalein						Used as indicator														10		drops

																		Input Materials						-2		-1		0		+1		+2

																								High								Low

		Waste Materials (generated from 10 students)																				Quantity

		Name				Concentration		Purpose/Step														Qty.		Units

		Acid, base, indicator, water						Collected from titrations														155		ml

																		Waste Materials						-2		-1		0		+1		+2

																								High								Low

		Cost of Implementation														Cost

																-2 (HIGH)   -1   0   +1   +2 (LOW)

		Chemical		Unknown weak acid												-2		-1		0		+1		+2

				Sodium hydroxide												-2		-1		0		+1		+2

				Phenolphtalein												-2		-1		0		+1		+2

		Personnel														-2		-1		0		+1		+2

		Equipment		Microburets												-2		-1		0		+1		+2

				Electrode pH meters												-2		-1		0		+1		+2

				Accurate digital balance (milligrams)												-2		-1		0		+1		+2

		Disposal		For 10 students, minimum waste volume is 155 ml (corrosive)												-2		-1		0		+1		+2

		Other														-2		-1		0		+1		+2

																		Cost						-2		-1		0		+1		+2

																								High								Low

		Resources														Availability

		Description														-2 (LOW)   -1   0   +1   +2 (HIGH)

		Laboratory		Microburets, electrode pH meters, accurate digital balance												-2		-1		0		+1		+2

		Facility		Storage for chemicals, hoods, etc.												-2		-1		0		+1		+2

		Safety		Fume hoods												-2		-1		0		+1		+2

		Personnel														-2		-1		0		+1		+2

		Other														-2		-1		0		+1		+2

																		Availability of						-2		-1		0		+1		+2

																		Resources						Low								High

		Ease of Implementation														-2 (DIFFICULT)   -1   0   +1   +2 (EASY)

		Department and administrative acceptance of change														-2		-1		0		+1		+2

		Funding necessary to implement changes														-2		-1		0		+1		+2

		Regulations and policies required for implementation														-2		-1		0		+1		+2

		Other														-2		-1		0		+1		+2

																		Ease of						-2		-1		0		+1		+2

																		Implementation						Low								High
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