Laboratory
Pollution
Prevention
(P2)
Training

This training is designed for lab managers/staff or environmental staff who
inspect or audit lab facilities. It addresses all types of labs such as: commercial
testing labs, academic teaching facilities (middle, high schools and
universities/colleges), QA/QC labs for manufacturing facilities, TSDFs with
labs, and hospital/medical labs. (Please note some slides have been grouped for
various lab types). A list of these sources and references is included at the end
of this training.



Laboratory P2 Basics

Material Substitution, Inventory Control,
Process Efficiency, Re-use/Recycling,
Innovation

Lab P2 has common elements regardless of lab type. All labs can benefit from
the establishment of waste and hazard minimization procedures and frequent
assessment and measurement to achieve continuous improvement of
environmental health and safety performance. Ideally, hazardous materials
should be substituted with a less hazardous material before they are even
ordered. If an organization is large, such as a university, excess material may be
found within the organizations inventory system. Materials should be ordered in
the smallest quantity that can be used before expiration/instability. They should
be used in the smallest quantity possible. Ways to recover, re-use and recycle
materials as an alternative to disposal should be evaluated. Innovative
approaches that will eliminate or minimize the use of hazardous substances in
the laboratory should be considered. P2 should be a cycle of continuous
improvement of waste and hazard minimization.



Use of alternative chemicals

Review laboratory chemical purchases
in advance of placing orders and
explore alternative substitutes that
will not generate hazardous wastes.

This may not be possible in some
cases where specific chemicals must
be used and specific
experiments/tests must be conducted.

Evaluating the use of alternative materials should be an on-going activity at all
labs. Almost all analytical methods have opportunities to use alternative
materials under certain conditions. Analytical methods are constantly under
review and change over time. U.S. EPA is currently reviewing numerous
analytical methods for a variety of media and regulatory programs to identify
and implement the use of less hazardous preservatives, catalysts, reagents etc.
There are opportunities to submit alternative analytical methods or
modifications to existing methods for approval and incorporation into
regulations.



Examples of Substituting

Less Hazardous Chemicals
Propylene glycol Instead of Ethylene glycol
Ethyl alcohol Instead of Methy! alcohol
Allcohol Instead of Mercury
Thermometers Themometers
Alconox, Pierce Instead of Chromic acid
RBS35 and cleaning solutions
Nochromix
Detergent and hot | Instead of Organic solvent
water cleaning solutions

Due to the variety of lab types; radiological, organic, health care, academic,
QA/QC, environmental etc. including a list of substitutes in this training was not
possible A listing of the substitution guides that were found will be included in
the reference list. When evaluating alternative chemicals an important
consideration should be to ask why any material is being used. In some
situations, samples or experiments may be done within a time period or under
physical conditions (temperature, pressure, etc.) that do not require a
preservative, or catalyst, or solvent etc. In the example of a water sample
analysis; choosing a weaker acid as a preservative is good, eliminating the need
for a preservative by running a sample within a certain time, or cooling to a
specified temperature, would be better.



What is the Cost of
Unused Chemicals?

e According to the American Chemical
Society (ACS) unused chemicals
make-up 40% or more of the
hazardous waste stream generated.

e Costs incurred as a result of this are:
analytical expenses of unknowns,
storage, packaging, transport and
disposal, and the increased risk of
accidents by long term storage of a
chemical.




Economy of Size Myth-Cost Analysis-
Xylene
Package Size 1 Liter |4 Liter
Purchase price $42.49 |$93.72
Unit Purchase price | $.04 $.02
per mL When 2000
mL are used
Unit purchase $.04 $.05
price per mLused | |
Disposal costs $0 $29.80
Purchase + $.04 $.06
disposal unit cost
per mL used
Purchase + $84.98 [$123.52 | From: “Less is
disposal costs Better,” American
Chemical Society,
see reference list

Many smaller containers are priced higher in the market place, so some buyers
select the larger package, assuming they are saving money. However, this may
result in partially filled containers of chemicals that have degraded, expired, or
become unusable. Now the containers take up space and must be maintained, as
well as added risk from fire, explosion and personnel exposure to the chemical.
Smaller containers are emptied faster, so there is less chance of degradation.
Frequent purchase ensures a supply that is fresh, less labor to subdivide the
chemical into smaller containers, and reduction of the risk of spills and chemical
exposure.



What is a Purchasing/
Inventory Control Program?

ePurchasing

eReview alternative/substitute chemicals for
purchase.

ePurchase only the needed quantities of materials.

eSave money by ordering smaller packages to
reduce the risk of breakage and storage issues.

eImplement take back or recycling vendor contracts.

Purchasing/Inventory control is one area where all labs can continually improve
waste and hazard minimization. The periodic review of chemicals purchased by
an organization should be a routine program even if the laboratory is small or
highly specialized. Organizations may also want to specify take-back or
recycling arrangements with vendors in contracts. In this type of agreement, the
vendor takes back unopened bottles of chemicals.



What is a Purchasing/
Inventory Control Program?

Inventory

e Rotate stock: “first-in, first-out”

e Address shelf life issues.

e Use surplus chemicals within an organization

or distribute to others via a chemical/material
exchange.

e Complete an inventory review at least one
time per year.

As a P2 program matures within an organization, quantities of chemicals needed
may be reduced. Therefore shelf-life issues may occur that were not previously
encountered. Surplus chemicals in one part of an organization may become
available for use by other departments, or other organizations via material
exchange programs.
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Office of the -
Federal Environmental Executive
Promoting sustainable environmental stewardship throughout the federal government Back Home
What's Now Centralized Materials Management
About OFER
:-w-"n Cantralized materials management is the centralized
‘o procurement, tracking, storage, and disposal of
CTC Winnors hazardous matenals Often referred to s hazmat
PFublications pharmacies. the pharmacy tracking system begins

unrc!‘— EJ

CEQ Web Site when a hazardous matenal is first ordered and
cortinues through receipt, Issue, use, and for unused

More Link

o = quanhbes, collection or retum, reissue, recycling
Seareh and, if necessary, disposal
Site Map

The pharmacy Is the single point of authonzation
through which hazardous matenais may be

Your Govermman|

Test-only Vession requested Lisers who require hazardous matenals
Privacy Pobcy submit their request to the pharmacy, where it is
Accwraninty reviewed, authonzed, and then, followang

procurement, tracked through its eventual use or
disposal The pharmacy condrols the actual issus of
the matenals, assunng guantities issued are justified

http://www.ofee.gov/wpr/imaterialmgmt.htm

Many successful models of chemical inventory and distribution systems exist
within academia, military and commercial/industrial institutions. Common
names for these systems include terms such as; Hazardous Material Pharmacy,
Centralized Chemical Inventory Systems, Chemical Sharing Programs, or
Surplus Chemical Distribution Systems. Various chemical inventory software
packages are commercially available. Some businesses have implemented bar
code identification of chemical inventories. Having an internal tracking system
for a business may allow departments within an organization to search for
available chemicals within these types of systems. This allows an organization to
reduce costs for both the purchase of chemicals and the disposal of expired
chemicals.



Examples of Chemical
Tracking Programs

e Stanford University, University
of Michigan, for lab chemical
programs.

e The Air Force tracks the use of
hazardous materials from the
initial request until reuse,
recycling, treatment or disposal.

See reference list for specific information on these programs.
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Case Study: Hazmart Fort
Bliss, TX, U.S. Army

¢ Opened in February 1998 tracking and
recovering hazardous materials containers.

» First year savings of $230,000.

* Estimate saving $200,000 per year in avoiding
hazardous waste disposal costs, due to proper
storage conditions, operating a re-use center
and fewer purchases.

e http://aec.army.mil/usaec/support/p203.html

In the first year of operation (1998), the hazmart received some $26,000
worth of free material and reissued these items to other organizations,
saving about $14,000 in procurement costs. This practice also avoided an
estimated disposal cost of about $208,000. They estimated that disposal
of a hazardous item costs eight times as much to as it does to buy it.
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Chemical Exchange
Programs-Case Study

* Bowling Green State University
(BGSU) -Orphan Chemical Recycling
Program

- Since April of 1993, approx. 4,000 Ibs of solids and
1,500 gals of liquids have been exchanged.

- Cost savings (purchase and disposal) approx
$370,000 to $460,000.

- http://www.bgsu.edu/offices/envhs/environmental h
ealth/orphan_chemical/orphinfw.htm

BGSU began an in-house orphan chemical recycling program in
the fall of 1991. This project was implemented to identify and
transfer unwanted chemicals between University departments
to minimize hazardous waste generation. Approximately 700 Ibs
of solid materials and 50 gal of liquids were transferred
between University departments after implementation. In the
fall of 1992, BGSU began to develop a plan that would expand
the existing orphan chemical program to include non-University
academic institutions like high schools, Jr. high schools,
technical colleges, and similar facilities. To date the program
has assisted participants in Ohio, Michigan, Indiana, Wisconsin,
Georgia, Massachusetts, and New Jersey (approx. 108
participants).
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OMEx-Ohio Materials Exchange

e Purpose of OMEXx is to disseminate information on
surplus and/or waste materials available from or
wanted by industrial and commercial entities.

¢ A materials exchange program provides a mechanism
for recycling and reusing unwanted materials. The
exchange service provider maintains and distributes
listings of materials available and materials wanted
from participants.

e http://www.epa.state.oh.us/ocapp/p2/omex/omexintro
html

» There is also a listing of other exchanges in Ohio at
http://www.epa.state.oh.us/ocapp/p2/omex/omexothe
r.html

OMEX is a cooperative effort of: Association of Ohio Recyclers, Ohio EPA,
ODNR, Ohio Department of Development, and Waste Alternatives, Inc. who
manages and operates OMEX.



N

Recovery, Reuse, Recycling :

ChemCycle
Investigate recovery reuse & recycling
opportunities for the hazardous waste the
laboratory generates.

Consider on-site recycling of hazardous waste,
including solvents, in particular.

4.

Many wastes may have value for recovery and reuse, reducing the need for
purchasing virgin material and reducing the disposal or recycling costs. Solvents
are a good example of this, which may be distilled and reused. For academic
laboratories, spent chemicals used for experiments may have use in other
experiments designed as reverse process, or neutralization/stabilization projects.
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Solvent Distillation-Case
Study

e A campus lab with 20 employees in
Texas began distilling xylene, ethanol
and formaldehyde and reduced 3 tons
of waste in one year, saving $96,255
in purchasing costs and $7,280 in
disposal costs. A total savings of
$103,535.

e Many common lab solvents like
acetone, MEK, methanol, methylene
chloride, xylene and toluene may be
recovered, distilled and reused.

15



Distillation Technology
Resources

e For more information on this
technology, see Ohio EPA’s
OCAPP Fact Sheet "On-Site
Solvent Recycling Equipment”,

which includes a list of vendors at:

http://www.epa.state.oh.us/opp/s

olvents/fact9.pdf
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Waste Segregation:

Determine whether or not
wastes should be mixed.
Segregation will often
reduce the volume of
hazardous waste.

Do an annual review and
evaluation of waste min
issues including costs.

As with any waste materials, costs and hazards can be minimized by segregation
of wastes. A waste segregation program should be reviewed periodically,
especially if chemicals or procedures are changed.

17



Waste Segregation Case
Study

e A lab in Arizona reduced
hazardous waste generation by
87% in one year by training
employees to segregate waste.

18



Innovation

Microscaling

Computer Simulation or Video
Demonstration

Alternative methods vs. “Wet” Chemistry
Green Chemistry

Innovation is important to any pollution prevention program. THE
FOLLOWING SECTIONS ON MICROCSCALING AND SIMULATION
TECHNIQUES APPLY MOSTLY TO RESEARCH AND TEACHING
SITUATIONS.
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What is Microscaling?

e Microscale chemistry is a P2
method that decreases the amount of
chemical waste generated during
laboratory experiments. In some cases,
the amount of a chemical needed for an
experiment has been reduced by
999%,.

By reducing the volume of chemicals needed to conduct tests and experiments
wastes can be reduced. When this is paired with material substitution of less
toxic chemicals, the impact is further enhanced.

20



Microscaling Benefits:

Improve lab safety by reducing potential exposure
to chemicals and reducing fire and explosion
hazards.

Improve air quality due to reduced volumes of
solvents and other volatile substances used.

Reduce costs for chemical purchase and disposal.
Reduce chemical waste produced at the source.

Reduce the time required to perform experiments
due to shorter chemical reaction times.

Decrease the amount of storage space necessary
for chemicals.

Encourage students/staff to think about waste
minimization.
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Waorkshop Dates
Elementory &
Middle School

Teachers
May 1-2, 2003

High School
Teachers
apnl 25-27, 2003

High School /
Coammunity
College /
College /
University
Faculty

Orgarsc Chermstry
Jure 23-25, 2003

What o NMCCT | Qurecions | US Cantery | Intemational
CRntecs

What is NMCC?

Tha Natanal Mcroscale Chamstry Center (NMCC, NMC2)
currently housed at Mermmack College was establshed in
cooparation with the Enviranmantal 2rotection Agency,
the Toxics Use Reduction Institute of Massachusaetts and
the Nationasl Science Foundatsn

The mission of the Canter is 1o implement the idess of
chemical use MALCTION, aF QUARTY IMPrOVeMENt, SXpORIe
lmstation, recycling, and waste reduction into every
chemical worker's and every student's thinking, Its goal is
to provide an efficiant natwork for the developmant of
new mcroscale technques, the offerng of tranng
COUrsas In mcroscale chamstry, and the ntroduction of
microscate methodalogy throughout the cience cumcuium
&t al educational levels

The Center 18 the recpmant of several awards: Two EPA
awards, CMA Catalyst Award (TOr. Pke) and ACS, Div. of

National Microscale Chemistry Center

who we e I Wt w0 | ibout microscste chesntry l pubilicabons & mews | contact uk

Hood >> Wha We Are

http://www.microscale.org/who.asp

This web site is a good resource for learning more about Microscaling and it’s
possible application at your facility.
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University Microscaling
Case Study

Bemidji Sate University in MN reduced their
chemistry lab waste by almost 35% by
downsizing instructional lab experiments for its 3,350
students enrolled in chemistry classes.

Total waste was decreased from approximately
10,400 liters to 100 liters. The volume of waste
generated per student was reduced from 3.1 liters to
.03 liters

$35,000 was saved annually.
See web site for case
study:http://mntap.umn.edu/intern/projects/BSU.htm
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Commercial Lab

Microscale Case Study

STL, Inc. in Austin, TX, 62 employees, RCRA LQG
Generator

Modified extractors to reduce amount of
methylene chloride used by 35%, still
adhering to U.S. EPA guidelines for sample prep.

Reduced Methylene Chloride use of 5.5 tons per
year, estimated annual savings of $15,000
in 2002, may become an SQG.

See website for case study:

http://www.zerowastenetwork.org/success/story.c
fm?ID=495
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Alternative Methods

*Video demonstrations vs. “live” chemical reactions
*Computer simulation

*Direct sensing or analysis vs. wet chemistry

Ve

Alternative methods can be considered for a variety of scenarios where
traditional “wet” chemistry, live demonstration/procedures have been used in the
past. Computer software is available to simulate possible reaction scenarios and
greatly speed analytical variations for multiple conditions. Direct sensing
alternatives exist for replacing wet methods such as titrations with
instrumentation.
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SO v B T .
RS i T NS
Services  Chemistry Video Consortium Cvc y

essns  These pages describe the activities of the Chemistry Videa Consortium Team
.- based at the School of Chemistry at the University of Southampton. The
actwies which were funded by the four Higher Education Bodies of the United
Kingdom {(1992-95) are geared towards producing a comprehensive set of
instantly accessible video clips for use in laboratories, lectures and seif-paced
learning cuntres

These pages contain general information about the Project, the Consortium
University Members, addresses and telephone numbers, e-mall, for
communication and information about the video materials that have been
produced in VHS tape, laser disc and CD ROM formats for 1st year
undergraduate laboratory teaching

Clck here to see a short video clip on "Recrystalization®

http://www.chem.soton.ac.uk/cvc/

http://www.chem.soton.ac.uk/services/multimedia/images/
clip.avi

Chemistry videos are available of many basic types of demonstrations. Making
demonstrations for the classroom or publication on the web have become very
inexpensive to produce.



Computer

Simulation

1.0M CutNOs) o | _1.OM AGNO; g

http://www.chem.iastate .edu/group/Greenbowe/sections/projectfol
der/flashfiles/electroChem/volticCell.html

http://www.chem.iastate.edu/group/Greenbowe/sections/projectfol

der/animationsindex.htm

This is an example of computer simulated experiments, which eliminate the
need to use wet chemistries to illustrate reaction principles. These simulations
are available on-line at the links listed above (lowa State University)
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Parttv: S retbanst Satonul | 432003ry

Sensors & Electronics

Chemical Sensors
Application Analysis for Sensor Selection (16)

- Problem: Recommend sensecs and depioyment locations for retiable chemical measurements
S owan of feld applicatico stes

PO Projoot Activity Scope (from Technical Overview Chart): interaction Mechanisms through
Measurement & Analysis System Applications

PNNL Solution:

« D d she

. toe - of chemicais
ske envirooment

« ldemified Koy chamicals for optimal detection of
target activties

. wions and
sensorsfnstruments for oplimal dala value

http://www.technet.pnl.qov/sensors/chemical/projects/esdsnssel.stm

A wide range of chemical analysis is being adapted to direct sensing
instrumentation. These applications can be used both in the lab and also at
remote locations. These applications may be useful for quality and process
control applications in manufacturing and Research and Development (R&D)
environments.
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PREVENTING POLLUTION, SUSTAINING THE EARTH

What is Green Chemistry?

the design of chemical products and processes that
reduce or eliminate the use or generation of hazardous
substances

‘ eMaterial Substitution
a: ; *Process Re-engineering
.Lm.‘ [

——

*Reverse Recovery

Substitution of hazardous chemicals with less hazardous chemicals is at the heart
of green chemistry. This principle includes chemicals that come from renewable
or recyclable sources and looks at the product or process design to optimize
waste minimization.



Green Chemistry-Case Study

 U.S. EPA awarded Bristol-Myers Squibb a
Presidential Green Chemistry Challenge
Award in 2004- Developed a Green Synthesis
for Taxol®

- Changed process to use plant cell cultures
to ferment the active drug substance
instead of bark of Pacific yew tree.

- Reduced workplace exposure to solvents.

- Process prevents more than 240 metric
tons of biomass waste and 6.4 metric
tons of hazardous waste from being
generated annually.

- Removed 10 specific solvents from the

process.
- http://www.epa.gov/greenchemistry/
aspa04.html

Yew bark can take 200 years to mature, when the tree is stripped of their bark it
kills them. This bark was originally used to make a cancer fighting drug. In
1991, Bristol-Myers Squibb began to develop a semisynthetic route to produce
paclitaxel and to eliminate the need for yew bark. This new process was
developed in the lab and scaled to manufacturing in only three years.

30



Green Chemistry-Case Study

e U.S. EPA awarded BHC a Presidential
Green Chemistry Challenge Award in
1997- Developed a new synthetic process
to manufacture ibuprofen

- Material substitution- acetic acid for aluminum
chloride

- Acetic acid is recovered and re-used at a rate of
99%

- Reduction of 8 million pounds of waste

- Process re-engineered from 40% to 77% efficiency

— The 6 step manufacturing process was reduced
to 3 steps

- http://www.epa.gov/areenchemistry/aspa97.html

This process change represents a significant financial and environmental “leap”
forward by re-engineering the process to make ibuprofen. Process steps,
hazardous chemicals, waste and cost were all drastically reduced. Virtually all
starting materials are either converted to product or reclaimed byproduct,
or are completely recovered and recycled in the process. The generation
of waste is practically eliminated. The anhydrous hydrogen fluoride
catalyst/solvent is recovered and recycled with greater than 99.9 percent
efficiency. No other solvent is needed in the process, simplifying product
recovery and minimizing fugitive emissions.
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Home Discussion Submst Green Chem

Database Experiment Resources Contact

Chemistry Subdiscipline
Organic Chemistry

Addition S\mthesns of a Benzofurgn Product Thrs expenment

was developed at the University of Oregon by Ken Doxsee, Gary Succaw,
James E. Hutchison and Robert Gilbertson, University of Oregon (2002).

« Applications of Organic Chemistry - Patterning Surfaces with
Molgcpla[ Films - This is an original experiment developed at the

Green chemistry principles can be applied in industry and academia. Several

universities are using their chemistry programs for promoting this type of
approach.

32



Lessons from Green Chemistry
Implementation
in University Curriculum

Practical Advantages:

* Teaches the core lab skills and green
chemistry problem solving

e Reduces hazards and reliance on hoods
e Uses macro- and micro-scale methods

e Illustrates state-of-the-art reaction chemistry
and methods

» Is readily implemented in the teaching lab

http://darkwing.uoregon.edu/~hutchlab/greenchem/orga
niclab.html

Universities are finding that incorporating this approach into traditional lab
teaching situations provides students with the hands-on experience to use this
principle in later research or commercial applications.
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Lessons from Green Chemistry
Implementation
in University Curriculum

Unexpected Benefits:

e Teaches objective evaluation of hazards

e Provides students with a rational procedure for
analyzing/minimizing hazards

e Empowers students to use chemistry to solve
environmental problems - " Ambassadors of
Green Chemistry"

e Changes the way students and society view
chemicals, chemistry, and chemists - "Know
the hazards. Not all chemicals are hazardous."
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The Climatex fabric on this slide, is manufactured using no
hazardous chemicals and can be composted at the end of it's life.

http://www.climatex.com/en/products/climatex lifecycle e.html

By using green chemistry principles
In research & development
laboratories, commercial products
have emerged.
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SW-846 P2 Oriented
Methods

e 3570 and 3511 Microscale

e 3051, 3015 and 3052 Microwave
Assisted Digestion

e http://www.epa.gov/epaoswer/hazwaste/test/new-
meth.htm

e http://www.epa.gov/epaoswer/hazwaste/test/3 series.
htm

Here are examples of pollution prevention opportunities for method SW-846
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University of Michigan Lab SW-846 3015
Microwave Assisted Digestion- Case

Study
* Benefits
- Reduction in sample prep time, sample storage and
disposal.

- Use of beakers, watch glasses and cleaning steps
were eliminated saving labor costs.

* Costs
- Initial capital investment of $15,000- $20,000 for set
up.

- http://www.p2000.umich.edu/chemical waste/cw5.htm

In the conventional methods (3010 and 3020), sample digestion is performed on
a hot plate, which takes several hours. The procedure requires a dedicated acid

resistant hood and several square feet of lab space to store the samples, also a
large number of glassware sets is required. In 3015 a sample carousel can be

loaded with 10-15 samples and the entire sample prep completed in less than 30

minutes.
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University and College Labs
e US EPA Enforcement Actions

- University of Hawaii was assessed a fine of $1.8
million dollars in 1998-1999 after Region 9 found
dangerous chemicals buried for years in the
basement of Honolulu campus’s main chemistry
building.

— University of New Hampshire was fined $49,000
and will spend $147,000 on SEP after Region 1
filed a consent decree in 2000.

- Boston University was fined approx $253,000 and
will pay $500,000 for community projects for a
Region 1 consent decree for RCRA and CWA
violations in 1995.

After US EPA inspected and found serious violations, enforcement action was
taken against several colleges and universities. Many academic institutions have
now re-evaluated how they were handling waste and completed P2 assessments.
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University and College Labs

US EPA Enforcement Actions

In September 2004 US EPA and the University
of California (UC) settled a case resolving 98
RCRA violations.

Violations involved 4,000 containers of
hazardous waste.

UC estimated that it spent $1.78 million and
23,645 staff hours since 2001 completing an
environmental audit of 47 university facilities.

http://www.epa.qov/Compliance/resources/ne

wsletters/civil/enfalert/labalert.pdf
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U.S. EPA Resources for
Colleges and Universities

e US EPA Region 2
http://www.epa.gov/region02/p2/college/

e Web site contains lots of information with links
to self-audit and P2 manuals on the web.

 To date, 93 colleges and universities in
New York, New Jersey and Puerto Rico have
come forward to disclose more than one
thousand violations to EPA. Most of them have
been granted a 100% waiver of certain
penalties totaling more than $10 million.
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Hazardous Waste Reduction
at Lawrence Berkley National
Lab

¢ From 1993-2003 Reduced Hazardous Waste
Generated 76.5%

¢ Comply with waste min reporting requirements by the
Department of Energy (DOE), the State of California,
the University of California and the Lab itself

¢ Requirements include:

-~ Annually revise the Waste Minimization and Pollution
Prevention Awareness Plan (WMPPAP),

— Annual waste min and procurement reports,
« Have a Lab Employee Awareness Program
- Campaign, awards, recognition, information
exchange, training

e http://www.Ibl.gov/ehs/wastemin/index.html
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Hazardous Waste Reduction at Lawrence
Berkley National Lab- examples

Waste
stream
description

' Generation

in lbs 1993

Generation
in lbs 2000

Percent
decrease
from 1993

Chemical
labpacks
from
research-
flammable

136,425

12,555

65.53%

Used Oil from |
various lab
operations

34,654

2,619

92.44%

Halogenated |
and non-
halogenated
solvents

8,472

1,625

80.82%
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Hazardous Waste Reduction at Lawrence
Berkley National Lab- examples

Waste stream | Generation | Generation |Percent

description in Ibs 1993 |in Ibs 2000 |decrease
from 1993

Corrosive acidic | 59,934 585 99.02%

waste from

circuit board

operations

Photochemical |15,586 361 97.68%

liquids

Waste off;Spec Ié,f46 —55 . 59;.655/;

machine

coolant

Petroleum 2,907 0 100%

naptha from

degreasing
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University of Michigan (UM)-
Waste Min Initiatives

e UM launched in 1995 using the following tools:

Education (including micro-scale teaching)

Protocol Review

Non-haz product substitution

Solvent distillation

Chemical tracking system

Chemical redistribution system (Exchange program)

* Program saves more than $200,000
annually in disposal and purchase of new
chemicals

Keep in mind, research funding for the university has grown 129% the past 10
years, lab space has increased 47% and waste generation has increased
correspondingly. Yet the waste min program has been cost-effective.
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UM Waste Min Initiatives-Successes

Chemical Type Waste Min Annual
Method Reduction

Acetone, Xylene, |Distillation 5,500 gallons

Alcohol

Ethidium Bromide | Filtration 100 gal

Photo Processing | Silver Recovery 800 gal

Waste

Acids, Bases, Micro-Teaching 300 gal

Solvents Techniques

Varied Chemical 400 bottles
Redistribution

Varied Chemical 210 gal
Tracking/Sharing

Elemental Mercury | Mercury-Free 2,200 lbs

Equip replacement

Varied Aqueous-Based 20 gal
Substitution

Overall waste generation increased through 2002, a decrease began in 2003 as
programs began to take effect.



NEW ENGLAND UNIVERSITY
LABORATORIES’ PROJECT XL
THIRD YEAR PROGRESS REPORT
June 11, 2003
For
BOSTON COLLEGE

UNIVERSITY OF MASSACHUSETTS BOSTON
UNIVERSITY OF VERMONT

http://www.epa.qgov/projectx!//nelabs/fullrpt. pdf

A case study in the development of best practices for university laboratories.
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New England University Laboratories
Project XL

e Yearly Measurement of P2
Activities/Outcomes

* Complete a list of hazardous Chemicals of
Concern and verify they are within a defined
“shelf life."”

« Identify one P2 assessment per lab per year,
focusing on waste stream or similar processes.

* Increase by 20% from baseline the quantity of
haz materials and waste redistributed to labs.

* Reduce haz waste generation by 10% from
baseline.

* Assess and demonstrate improvement of
environmental awareness of lab workers.

* Achieve objectives and targets defined on the
Environmental Management Plan and record
improvement.

The report discusses in detail the activities, results, lessons learned, and things
for further evaluation for each P2 activity.
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U.S. EPA Resources for
Colleges and Universities

« Environmental Virtual Campus

— This project was undertaken by the
Massachusetts Institute of Technology
(MIT) for settlement of an enforcement
action brought by the USEPA and the US
Department of Justice

— http://lwww.c2e2.org/evc/Lablndex.html
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MIT’s Environmental Virtual Campus web

The main regulatory subject areas covered are: hazardous
waste management, including toxic waste, mixed waste and
waste determination, chemical storage, wastewater discharge,
and air quality. Other topics are federal environmental
regulations and best practices related to: fume hoods, floor
drains and sinks, container management, gas cylinder
management, satellite accumulation areas, emergency
equipment, and training.
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U.S. EPA Resources for
Colleges and Universities

e US EPA Sector Programs for Colleges and
Universities

e The Sector Strategies Program works
collaboratively with 12 sectors to improve
environmental performance while reducing
regulatory burden and providing an expert
staff liaison for each sector in the program.

e Web site has links to resources
:http://www.epa.qgov/sectors/colleges/index.h

tml
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Resources for Middle & High
School Labs/Teachers

e Lab Waste and P2- A Guide for
Teachers by Battelle Seattle Research
Center

e This guide explains how hazardous
wastes and other undesirable by-
products generated by experiments that
are performed in classroom labs can be
minimized. It is intended for middle
school, high school, and college science
teachers.
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Laboratory Waste Minimization
and Pollution Prevention

A Guide for Teachers

March, 1996
Michelle Davis & To stat reading at the beginning, click
Elizabeth Flores here
Joe Hauth & For a summary, see our checklist
Manna Skumanich
Doug Wiennga If you want to go to a specific topic, the kst below
may help Wae've organized this guide to reflect
For more information the progression of chemicals through the
about this book, contact laboratory
Jandie Ho

& We begin by Introducing waste
mirimization and pollution prevention and

&Ba"e“e defining some important terms. Click here
1o go o that section (Chaplters 1, 2, and 3)

? NORY 0 wr .
PG NI o0 « We then discuss waste minimization

http://www.seattle.battelle.org/Services/ES/P2LabMan/

52



Resources for Middle & High
School Labs/Teachers

e US EPA Schools Chemical Cleanout
Campaign (SC3)

- In summer of 2004, EPA provided initial funding to
the ten regions to support Schools Chemical
Cleanout Campaign (SC3) programs. Each region is
using this money to fund former, current or newly
developed school cleanout programs in schools with
a self-identified need for assistance.

- http://www.epa.gov/epaoswer/osw/conserve/cluster
s/schools/index.htm

The goal of the SC3 is to create a chemically safer school environment in
which chemicals are purchased wisely, stored safely, handled by trained
personnel, used responsibly, and disposed of properly.



Resources for Middle & High
School Labs/Teachers

¢ Region 5
* Regional Contact: Maryann Suero

suero.marvann@epa.gov
(312) 886-9077

e Funds for the SC3 will be used to assist an under-served
area in school chemical cleanouts in Region 5. Within
the designated area, schools will be given the option to
participate in a one-time disposal of expired and used
lab chemicals and will also be given the option to
participate in a voluntary audit of their lab.
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U.S. Environmental Protection Agency
Resource Conservation Challenge

Racert Addtiang | Cortact Vg | Pt Veraign  Search (o]
EPAHOms » Waxies > Bastutce Conseratisn Chalbangs > Challengs Acans » Schoals » Sconcls Chamcal Cluansl Catmgann » SC3
Whees You L
R e *
Sl SC3 Where You Live
Conservation
Challenge

PP R TP /il each region shares the common Schools Chenical Cleanout Campesgn (SC3
poals, the SC3 is a very dverse effort. Each region has spacifically tailored the SC
RS CTIEUTEIN 10 best sorve their region The falowing descoptions detail how SC3 funding vl be
I the News wsad in each region m
Partnarship l’,lumm;:b.au-; ‘
Progrants TR o - Facilties Personng
v t - - ] e Shudents
Gulde to : @ » :J - . o~ Teazhers
B;com.ng 2 o™y - o - - S22 Whees You Like
Artner e d AT P : o- 1
e Y 1) .8 B Creating Your Can
Can D H M NE: S = = =LEANA LY
Yihat You Can Do v BN o 7] o Mo o Sahool Claarnnd
Resources - R - AN ot g
Your Quastions o a | \b Ml | - \ 4 ‘O
o I “w o v | -

s

fiet Iosbades (2]

http://www.epa.gov/epaoswer/osw/conserve/clusters/schools/index.htm
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Resources for Middle & High
School Labs/Teachers

e US EPA Healthy School
Environments

¢ Chemical Use & Management

- Chemical purchasing and management
contributes to a healthy school
environment, so consider the possible
health, safety and environmental
implications before buying a particular
chemical.

e http://cfpub.epa.gov/schools/index.cfm

Chemicals are used by students, teachers, facility personnel, and
administrative staff throughout schools in science classes and labs, in art
classes, in vocational shops such as autobody, auto repair,and printing,
and in facility maintenance and operations such as cleaning, painting,
and pest control. The Healthy School Environments Web pages are
intended to serve as a gateway to on-line resources to help facility
managers, school administrators, architects, design engineers, school
nurses, parents, teachers and staff address environmental health issues
in schools.
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€ Lol Hazardous Waste Management Program in King County

LOCAL GOVERNMENTS FOR HEALTH AND THE ENVIRONMENT

This program was put together by King County,
WA to help schools manage their hazardous
materials. A collection of fully-scripted, least-
toxic chem labs for use by high school chemistry
teachers can be downloaded.

http://www.govlink.org/hazwaste/schoolyouth/rehab/

You can download fully scripted lesson plans for use by high school
chemistry teachers, information on ways to reduce

chemical stockpiles in biology labs and a list of chemicals whose risks
outweigh their educational use.
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Tools /Resserces

R‘ Chemicals/ P2

NEL Mo > Tosls /Masources > Chermicals | B2 5 Maneging ared Srsrmiciog Ovmicals in Wospital Labve

| —— Managing and Minimizing Chemicals in Hospital Labs

MIT Frograms

Tools /Besnurces

O0F (9 pages, 257KE) ,
Aokt study of Stemnatives to the use of sykns In 3 hospaal histokogy lab cevaloged by the Sustansble Hosotas Project

National Microseale Chemistry Cesfer 5Eh
Provides information on uting microscale o ¥ to ekmi tang waste at the sourte,

20F (6 pages, 336 KB)
This case study on a Mchigan community colége documents envircrmental and cast bensfits of snal-scafe dhemstry,

) raneQsin foe I RGN L. A0QVIR0IITS
prowaAng nformation about a new document on small chemical sboratory envirnmental ssues,

i .....A

EPA Labs for the 228 Century =059
Axohriary program cecizatad to improving the envronmantal performance of U.S, iaboratones, LabsZ ! 5 depgned to improve
(PRSI aboratory enengy and water effiency, socourage the use of renswabie Bnergy SOUIcss, and promate environmental staward:

Laborat i nd
POF {14 pages,; 53 KB)
Provides information 00 chemsca SUbSHtLON, Mrmizaton, and propee handing

http://www.h2e-online.org/tools/chem-labs.htm

There are a lot of resources to help hospitals to reduce waste. Hospitals for a
Healthy Environment is a great resource.
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Products and Resourses fov Category/Subcategery.
Eani

Lab. y Chemicals and
Sakh R

Eoui
Y EQusp
» T0o of pape »

Lategary ) Bubcstegnry

1} Y and

Sclvent Recovery Equipmssent

O, Muasell Moskew, Asociits obessor of O Altany Medical
Center points ost that ke b an EAA

fovmsionn mastn {RCRALDZ2Z) N ™ s the cevgiea! cottmnee o
vt spsentd . Wiier fozen Dastie Grocessnts e spent (Lt ve sy
oot B RCRA rogubatod, Dut in most a1 comnor b deachorgmd
10 sedwess 3% It miweronly Mfocty the toctnoal sewsge Treatment
Nawdcbon, Dr. Mankng asks, wiey sl Yo Wil 10 posr soney
dhasan S chimn ¥ Foomsbdehye fon xotion of Dssae w
scnprereions Thic Aony Mot Coluga ha Do) racycliog
Toemaabin since 1055, Betwoon 15995 aod 200, Hiey reciciod

~+ 80,000 poanchs of nerakdehipths waete 10 nos 5 garlon cape ity
nestling unit The original egquipment oot of <5 10,000 st
I invuediog S5, 000 H) Gegacend Gkl ond § 162,000 10
el purCharse Conts Evos Tor o sl hoapdial, this s
economty

Payvetician
Thamis fe v, Mankes for shaong B infametion

Product & Mersstacturer  Comments

Quite a number of chemicals in hospitals can be recovered and reused. An
example of this is formaldehyde, or a variety of solvents that may be used. The
site listed above includes a listing of solvent recovery vendors.



fact sheet printable POF @
Formalin Recovery in Health Care Labs

Formalin 1= purchased as a 37 percent solution of
formaldehyde, mixed with methanol and water. Used a5 a
fixatwe 10 presseve t=sue sanples i health care laboratones,
it is typicaly dikted with water to 10 percert

Recovenng formakn by destlling or fikenng helps hestology
laboratones

® Reduce costs by decressing the volume of Sormaslin
purchasad

® Improve ernployee safety by reducing the volume of
hazardous matenals imventory and the rsk of
oxposure and spills

® Reduce regulatory compliance burden

Minimizing formalin waste helps faciltios meet the Hospitals
for & Healthy Envirorement (H2E) goal of reducing the volums
of waste at health care faciktses 30 oercent by 2005 and 50

Health Care

WEARRT -

Dental Clinics
Drsinfection

Hospitals
Laboratones

Mercury

Consumes information

Traming & Associations
Regulatory Information
Ao I 'Waste Topecs

http://mntap.umn.edu/health/labs.htm

This is a resource for hospitals by the Minnesota Technical Assistance Program.
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a Sustainable Hospifals Project

A Profect of the Lewell Cenfer for Sestainable Frosection. Untversity of Massachusaits Loasell

PILOT STUDY OF ALTERNATIVES TO THE USE OF XYLENE IN A HOSPITAL
HISTOLOGY LABORATORY

Summary

This work focuses on identifying and evaluating aiternatives 10 xylene used in a hospital
histology lab as a solvent and clearing agent.

Hospitals in the Boston area are subject to very strict limits for the amount of xylene that may
be discharged as effluent into the Massachusetts Water Resource Authority (MWRA) sewer
system. The hospital in this case study exceeded the 1.0 milligrams per liter (mg/l) xylene
limit and it was determined that the source of xylene was the hospital's histology laboratories.
As part of the corrective actions agreed upon by the hospital and the MWRA, the Sustainable
Hospitals Project (SHP) of the University of Massachusetts Lowell Center for Sustainable
Prodyuction was asked to facilitate resolution of the problem, The SHP's expertise is in helping

http://www.h2e-online.org/pubs/news/XyleneAlts. pdf

This is a demonstration project comparing alternatives to xylene.
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Case Study-Formalin
Recycling

* Albany Medical College 1995-2004
saved $327,000

Purchased 5 gallon capacity unit to recycle
formaldehyde waste. Cost: $10,000.

Recycled approx. 40,000 gallons.

Saved $185,000 in disposal costs and
$142,000 in purchase of chemicals.

e http://www.sustainablehospitals.org/cgi-

bin/DB _Report.cqi?px=W&rpt=Subcat&id=18!

21
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Resources

e Checklists
e Guidance Documents
e Programs
e Training/Conferences

e Comprehensive listing of resources
used for this training

The following resources may be helpful to learn more about P2 opportunities
available for labs. A P2 checklist prepared by OCAPP for use by labs is
included. Other references are provided that include checklists, self audits,
guides and policy manuals for labs to establish or improve their P2 programs.
On the reference list, we have made notes or provided a brief description of their
possible use in various situations.
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OCAPP P2 Checklist for Labs

PDF CHECKLIST OF LAB P2 OPPORTUNITIES
http://www.epa.state.oh.us/ocapp/p2/labchecklist. pdf

Additional assistance available from OCAPP
http://www.epa.state.oh.us/ocapp/

This is intended as an introductory or time restricted assessment of lab P2
opportunities. Labs may request non-regulatory technical assistance from
OCAPP directly for P2 opportunities or resources
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ANALYTICAL LABORATORY
CODE OF PRACTICE

INTRODUCTION AND CHECKLISTS

Best Management Practices For Pollution Prevention and
Pollution Prevention Award Certification

http://www.cabq.qov/p2/pdfdwnpg.html

http://www.cabq.qov/p2/pdfs/lab_sect-2 q.pdf

http:/lwww.cabg.gov/p2/pdfs/lab cover.pdf

The City of Albuguerque, New Mexico has a good guide to evaluate compliance
and waste min opportunities. The checklists in the document are helpful to
evaluate lab waste streams.
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ENVIRONMENTAL
MANAGEMENT GUIDE

FOR SMALL LABORATORIES

Euteica | Shomet | Tphaify O [ mmpir- ENBLOAT 12w

http://www.p2pays.org/ref/16/15829.pdf

This US EPA publication addresses compliance and P2.
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LABS ACHIEVING BE'I'I'ER S'I'EWARDSHH’

P feel free to contribute any information
iyou belave other users may fnd
!,Iv_-lpml, such as Inks to web-based |
Lrssauces..  OLhICARONS ... ODAC. OOnT R -

EL»'ABS Central needs your help! F1ea=cfl

Welcome to LABS Central

LABS Central is & web-based clesringhouse of
Information of Interest to laboratories dedicated to the
pursuit of enhanced ernvironmental performance. This
site  brings together existing Information about
inmovative approaches to waste management and
resource conservation that may be helpful to
laboratories  Interested in regulatory compliance and
Contact LABS Central environmental stewardship. Whether your facility is just
starting a compliance program or investigating advanced

About LABS Central

http://www.labscentral.info/default.htm

LABS Central is being developed by the Department of Environmental Health
and Safety at in Ames, lowa. The project is the result of a
cooperative agreement between the US EPA Office of Solid Waste (OSW) and
lowa State. The goal of LABS Central is to provide easy access to existing web
resources that can enhance the environmental performance of laboratories.
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http://www.iastate.edu/

¥ Chemistrysnry 52 L8934 .

chunisctu 1y ohesvestry. orgl

jate the section ] > Mad s page | > Prot thes page

- GREEN CHEMISTRY
N INSTITUTE £

Working to prevent pollution through

News
chemistry research and education
Rusnarch
Rasources ® pwands ¢ ntematonal *Ruzearch
O Edycation Mestnge *Resoyces
s *haws
Cuntoct CCX ‘\,ha‘ -sNew!

The American Chemical Society (ACS) website has a lot of resources.
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Division of Research Safety
Dyvigion ol enehrch o

»atize Trang

mization Fact Sheets

Waste Min Fact Sheet 1. 101 Ways to Reduce
Hazardous Waste In the Laboratory (03/2002)
HIML Format, PDE Format,

Waste Min Fact Sheet 2. ChemCycle - UIUC's
Chemical Redistzibution Progsam (03/2002)
HTHL Format. PDF Format.

Waste Min Fact Sheet 3. Alternatives to Chromic
Acid Cleaning Solution {03/2002)
HIML Format. PRI Format.

Waste Min Fact Sheet 4. Altsrnatives to Mercury snd
Mercury Compounds (03/2002)
HIML Format, PDE Format

Waste Min Fact Sheet 5. Alternatives to DNA Preps
with Chloroform Extractions (03/2002)
HIML Format. PDFE Format.

Waste Min Fact Sheet 6. Reducing or Eliminating
tha Use of Heavy Maetals (03/2002)

HIML Format. PRE Format.

Waste Min Fact Sheet 7. Trestment of Ethidium
Bromide (03/2002)

HTHL Format, PDE Format.

Waste Min Fact Sheet 8. Pollution Pravention in

http://www.ehs.uiuc.edu/css/factsheets/index.htm

Division of Research Safety programs of the University of Illinois
at Urbana-Champaign is a great resource for P2 fact sheets for Labs



e

FPAN Envirenmental Health & $
4 M i University System of Gecrgia

> Saty ang Meakt
r—

VTt al Univernlty Systan asengoos
-

Contecttse | £45 Hame | search: ol
100 Ways to Reduce Hazardous Waste in the Lab

N

1. Wrin a waste management/reckation polcy.

2. Indude waste reduction as part of student/employee tranng

3. Use maruals such as the 2mencan Chemical Sonety (ACS) “Less s Better” or “ACS Waste Management Manual for Lab Personnel” a3 part
of your traming

4, Creste an incartive program for waste reducbon

9. Centrabee purchasng of chamcals twough one person n the b

6. Irvertory chemmcals at imask oncm o yesr

7. Inditate in the inventory where chemicals sce located

0, Update mvermtory when chemcals arw purchasad or used up,

9. Purchase chimcas in smalest quantitins remcied

0, 1If tryng 0t w new procechrs, try o obtan the chemeals resded from another e or purchiase & smal amcunt nialy . Aftes you know you
wil Do uring mors of thes chemical, purthae in Lrger guantbes.

11, Datw chetucyl contieners when recaivad 0 that clder orss will be used fiese

12, Audt your b for wasty generated (Guartly, bype, Sourtr and freguincy), Audt forms ans ayalatie from DEWOS,

13, Kesp MEDA's for chemicas uied on fie

14, Xuep oformaton about dsposal procedunes for chemcal waste in your lab on fis

15, If possibie, establah s arna for Sertral sterage of chamxals

15, SUOre chesacals o STOraQe wna axoipt when in ute

17, Estabish an area for 200ng chamcal wasts.

18, Mokmize tha amount of waste begt 1 Storage, Call the wasae ne 1o S1ange B disposal as oftan as you naed.

10, Labal 31 chasicdd CONLANATS 36 ED thier cortent.

20,  Develop protedunes Lo prévent and/or corkan chemcal spis - purchase Spil dean-Lp ks, cordan Jraat whare solls arw Misly

http:/iwww.usg.edu/ehs/hot/reduce.phtml

A good collection of compliance and P2. From the University System of
Georgia.
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http://membership.acs.org/c/ccs/pubs/less_is_better.pdf

This guide by the American Chemical Society (ACS) is an great overview of P2
opportunities.
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& Laboratory Waste Disposal

Department of Chemdstry, University of Kentucky

Table of Contents

. Introduction
. 'The 5 Most Common (Deadly, and EPA-fineable) Errors In Waste Handling
. How To Segregate Waste In The Laboratory

. Taking You Waste To The Stockroom For Disposal
. Who To Costact For Further Information

O e W r

Introduction

The Department of Chiemistry is dedicated to the maintesance of a safe, bealthy and productive workplace
eavirommest. As part of our commitment to enviranmental bealth and safety, we strive to ensure that our studests,
faculty md staff meet or exceed state and federal regulations conceming hazardous wastes, laboratory management
and worker safety.

hitp://www.chem.uky.edu/resources/stockroom/waste.html|

Many universities have p2 and compliance guidance on their web site under
their chemistry department information or their environmental health and safety
information. This is an example from the Department of Chemistry, University
of Kentucky:.



g235 Annudl (‘ollcgcandUmvorsu_y
l_lazm ‘dous Waete Conference ™ &

i z
- e Learn Solutions to Problems
Network with your Colleagues

Access Product and Vendor Services

http://lwww.cuhwc.org/

There are many opportunities for training and information sharing within lab and
environmental health & safety organizations. This is a meeting for the College
and University Hazardous Waste Conference.

73



iy CSHEMA

campus ey ealthandeovromentl management assiaton

A Divison ofThe NotonalSfety Councl

http://www.cshema.org/ c s I I EI ' I‘ 8
PHILADELPHIA,
2005 PENNSYLVANIA

— RINGING IN SAFETY

This is a meeting for the Campus Safety Health and Environmental Association.
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U.S. Environmental Protection Age:
Administrative Services

Racest Addticns | SortaciUs | Bt Yereoo

EPA Hues > Adminattaine Senvces

Sewch

» b1

EPA Facllitles
Green Bulldings
Green Power

Energy
Conservation

Water

Conservation

Greening EPA's

Fleet sboraones for the 218t Century (Labs21) 15 a vountary partnership program dedicated 10 improvng the

ervironments parformance of US laboratonies. Sponsored by EPA and the U.S. Department of Energy

Labs21 aims to improve laboratory enecgy and water afficiency, encourags the uss of renswable energy

Pollution ces, and promote emvronmental stewardship amongst the laboratory community. The guding

Prevention g of the Labs21 program is that impeoang the energy eficiency and enwronmental pertormance
Program ] aocy require aminng the enlice facidy from a "whote bulking® perspectwe, rathee than

¢ component

Energizing EPA
Newsistter

S Conferences

Stte Map Labs21 hosted a successful conference this vear in St Lows. Missoun October 5-7. 2004, With moare

http://www.labs2 I century.gov/index.htm

The primary goal of the Labs21 program is to improve the
energy efficiency and environmental performance of a lab by
examining the entire facility from a "whole building"
perspective. US EPA and DOE established the Labs21 Program.
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Lab Equipment-
Recycling/Purchasing

e LabX.com is a media service founded in
1995, provides a forum where buyers
and sellers of new, used, surplus,
refurbished scientific, and lab
equipment can find an item, negotiate
the terms, and complete a purchase
online.

e http://www.labx.com/
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Future Technologies
Lab-On-A-Chip

The holes on this chip
are actually ports that
can be filled with fluids
or chemicals. Tiny
valves control the
chemical processes by
mixing fluids that
move in the tiny
channels that look like
From NASA lines, connecting the
ports.

Many chemical and biological processes - previously conducted on large
pieces of laboratory equipment - can now be performed on these small
glass or plastic plates. Many companies are completing R&D on this

technology for medical applications. To make customized chips for various
applications, NASA has an agreement with the U.S. Army's Microdevices and Microfabrication
Laboratory at Redstone Arsenal in Huntsville, Ala, where NASA's Marshall Space Flight Center is
located.
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National
Nanotechnology
Initiative
e The National Nanotechnology Initiative
(NNI) is a federal R&D program
established to coordinate the

multiagency efforts in nanoscale
science, engineering, and technology.

e Twenty-two federal agencies participate
in the Initiative, including U.S. EPA

e http://www.nano.gov/

Attempts to coordinate federal work on the nanoscale began in

November 1996, when staff members from several agencies decided to
meet regularly to discuss their plans and programs in nanoscale science

and technology. The group continued informally until September 1998,
when it was designated as the Interagency Working Group on

Nanotechnology (IWGN). In August 1999, IGWN completed its first draft

of a plan for an initiative. The importance of a coordinated Federal

program for nanotechnology R&D was given greater recognition in 2003

with the enactment of the
(Public Law 108-153). See also
Scientific Knowledge, Lead to

Significant Technological Advances, Supplement to President’s FY 2004

Budget, Oct. 2003.
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http://frwebgate.access.gpo.gov/cgi-bin/getdoc.cgi?dbname=108_cong_public_laws&docid=f:publ153.108
http://frwebgate.access.gpo.gov/cgi-bin/getdoc.cgi?dbname=108_cong_public_laws&docid=f:publ153.108
http://www.nano.gov/html/res/fy04-pdf/fy04-main.html
http://www.nano.gov/html/res/fy04-pdf/fy04-main.html
http://www.nano.gov/html/res/fy04-pdf/fy04-main.html
http://www.nano.gov/html/res/fy04-pdf/fy04-main.html

U.S. EPA is Funding Research
on Nanotechnology

e Concerning human health and environmental
effects, fate and transport of nanomaterials,
and continuous environmental
monitoring/sensing applications (essentially
transporting the laboratory to the sample
source)

* USEPA funded 32 research grants for more
than $11 million in the applications of
nanotechnology through the Office of Research
and Development’s National Center for
Environmental Research

e http://es.epa.gov/ncer/nano/

Nanotechnology has both applications and implications for the
environment. EPA is supporting research in this technology while
evaluating its regulatory responsibility to protect the environment and
human health. This site highlights EPA's research in nanotechnology and
provides useful information on related research at EPA and in other
organizations.
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Future Applications of
Nanotechnology

* Drug delivery systems, including implantable devices
that automatically administer drugs and sense drug
levels;

* Medical diagnostic tools: cancer tagging mechanisms
and lab-on-a-chip, real time diagnostics for physicians;

* Cooling chips or wafers to replace compressors in
cars, refrigerators, air conditioners and multiple other
devices, utilizing no chemicals or moving parts;

» Sensors for airborne chemicals or other toxins;

¢ Photovoltaics (solar cells), fuel cells and portable
power to provide inexpensive, clean energy, and

* New high-performance materials.

The pharmaceutical and chemical industries are being impacted greatly by
nanotechnology.



INNOVATION

//\\
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¢

. MATERIAL
RECOVERY /' sussTiTUTION
REUSE /

RECYCLING

|

PROCESS INVENTORY

EFFICIENCY - CONTROL

In summary, laboratory pollution prevention should be a cycle of
continuous improvement of waste and hazard minimization.

The intent is to examine ways to minimize hazardous materials in the
laboratory at the earliest possible opportunity.

Ideally hazardous materials should be substituted before they are even ordered,
if possible. If an organization is large, such as a university, excess material may
be found within the organizations inventory system.

When necessary materials should be ordered in the minimum quantity that can
be used before expiration/instability.

Materials should used in the minimum quantity possible.

Examine ways to recover, re-use and recycle materials as an alternative to
disposal.

Lastly, continually look for innovative approaches that will eliminate or
minimize the use of hazardous substances in the laboratory.
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All the resources used for this presentation are included
in“Laboratory P2 Training Reference Guide” located at:

Please see the OCAPP website at
http://www.epa.state.oh.us/ocapp/ for further resources.

All resources used for this presentation are included in the “Laboratory P2
Training Reference Guide”
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