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NYS Pollution Prevention Institute
= HQ at RIT
= Established in 2008

= $4.35M in annual NYS funding administered through
the NYS Department of Environmental Conservation

= Focus areas include:

« Sustainable Manufacturing Assessments
«  Supply Chain Sustainability

« Technology Commercialization

+ Food Waste Diversion

* Outreach & Education

+ Research & Development
* Green Chemistry & Emerging Contaminants ?
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Assistance for NYS Companies, Municipalities &
Non-Profits

= Must be NY-based

= Typical project cost range is $15-550k
NYSP2Il funding offsets most of the project cost to the organization
- Expenses are non-capital expenses

+ RIT’s engineering, technical and project management services

Post-project reporting

Typical project takes about 2-6 months
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Green Chemistry in Schools
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“...the utilization of a set of principles that reduces or
eliminates the use or generation of hazardous

substances in the design, manufacture and application
of chemical products.”

— Anastas and Warner

John Warner
Professor of Practice

) Department of Sustainability

& ™ Golisano Institute for Sustainability
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The Twelve Principles of Green Chemistry

Waste : - _Less Hazardous
Prevention : - Chemical Synthesis :
It is better to prevent waste - - Whenever practicable,
than to treat and cleanup - = synthetic methodologies
waste after it is formed. = : should be designed to use
. H and generate substances that :
R ‘.'. . possess little or no toxicity. , v
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Most relevant principles
for high school
chemical management
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Safer Solvents
& Auxiliaries

= The use of auxiliary substances:
- (solvents, separation agents) *
: should be made unnecessary :
:‘ whenever possible and, when .
%, used, innocuous. o

Safer Chemistry for
Accudent Prevention:

. = Substance used in a chemical
= process should be chosen to =

minimize potential for

= chemical accidents, (releases, :

. N 5
%, explosions and fires). .+

0
®sasssmssssssEEEsEEEEEs [3d
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Chemistry curriculum has historically relied on the same traditional lab
experiments

Many schools have stockpiles of old chemicals in stockrooms

The NYS Department of Environmental
Conservation’s school chemical clean-out
project at one high school found many
outdated and/or mislabeled chemicals
needing identification and sorting before
proper disposal.
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Pollution Prevention through Green Chemistry
Example: acid/base indicator lab experiments

- Traditional indicators: - Green Chemistry alternative:

= Phenolphthalein = Butterfly pea tea
= Universal indicator solution

\} SDS Information:

Skin irritation (Category 2)

Germ cell mutagenicity (Category 2)
Carcinogenicity (Category 1B)
Reproductive toxicity (Category 2)

acidity

https://senchateabar.com/blogs/blog/butterfly-pea-flower-tea
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NYS

“Many common high school level laboratory

Ma“y SChOOIS exercises use highly hazardous chemicals, creating
have hazardous a high risk of exposure for students. With the

presence of hazardous chemicals in laboratory

Chemicals exercises, many accidents occur in schools; 62%
- due to human error and 17% intentional acts.” By
Ieadlng tO eliminating hazardous chemicals and providing
- alternative lab exercises teachers can create a safer
aCCIdents and environmentally friendly learning environment.”

Green Chemistry Training for High School Teachers: Pollution Prevention

"Hazardous Chemical Incidents in Schools — United States, 2002 — 2007, CDC,MMMMWR Weekly, November 7, 2008, 57(44), 1197-1200.
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NYS

Traditional demonstrations use methanol and solutions of metal salts — one of the most
dangerous high school demonstrations!

Experiments require students to use Bunsen burners and metal salts

https://time.com/4782269/students-burned- https://www.edweek.org/leadership/popular-science-experiment-
@ rainbow-experiment-yellow-school/ results-in-student-injuries/2014/01

%ﬁgg%&(ﬁeﬁdgﬁﬁgg Popular Science Experiment Results

Experiment’ Goes Wrong in Student Injuries

by Melissa Chan 0 By Liana Loewus — January 14,2014 (O 1 min rea

MAY 17, 2017 11:19 AM ET

https://cen.acs.org/articles/92/i11/Safety-Alert-Rainbow-Demonstration.html

e e || Safety Alert: The Rainbow
Va. hlgh school chemlstry lab flre Demonstration
ralses safety concerns abOUt ACS seeks to prevent additional burn incidents

ra I n bow experl ment by Robert H. Hill Jr., Chair, Committee On Chemical Safety

SBpmEST | News | FOX50C | A

March 13, 2014 « 3 min read

https://edu.rsc.org/exhibition-chemistry/the-rainbow-flame-demonstration/3009399.article Aversion of this story appeared in Volume 92, Issue 11
https://www.beyondbenign.org/lessons/flame-test-emission-spectra/
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Traditional demonstrations use methanol and solutions of metal salts — one of the most
dangerous high school demonstrations!

Experiments require students to use Bunsen burners and metal salts

Greener and Safer Alternative:
ColorFlame Birthday Candles

Eliminates:

o Solvents
o Bunsen burners
o Metal salts (handling)

Maintains fundamental chemistry lesson!

https://edu.rsc.org/exhibition-chemistry/the-rainbow-flame-demonstration/3009399.article
https://www.beyondbenign.org/lessons/flame-test-emission-spectra/
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Green Chemistry Training for High School Teachers: =
Pollution Prevention in New York City Schools Initiative - s

= NYACS partnership with Beyond Benign

= Aim: reduce hazardous chemical use in school
classrooms = providing 25-30 teachers with an
introduction to green chemistry

= Replaced a traditional iodine clock reaction with a | J—y P |
e | |

greener Vitamin C Clock Reaction:
» By switching the reaction for 500 students, an estimated

cost savings of $1,092 and waste was reduced from 29.5 T
gallons to 7.5 gallons (84%) j
> Reduced the use of hazardous chemicals in the classroom e on vl -

Images from
(ammonium persulfate, mercury compounds, and iodine)

, po:tassium nitrate

https://www.rit.edu/affiliate/nysp2i/sites/rit.edu.affiliate.nysp2i/files/docs/resources/American_Chemical Society Conducts Green_ Chemistry Training.pdf
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Example Green Chemistry Implementation: =

Green Chemistry & Sustainable Science

“Greening the Clock Reaction” i

Greening the Clock Reaction:
Rates of Reaction Lab

.
 Lesson Plans Available: Teacher Background:
" The amount of each reactant present and the temperature of the reaction vessel typically influence

the rate at which a chemical reaction proceeds. And, typically. this relationship between the
Reaction Rate and Reagent Concentration takes a simple form known as the rate law: rate =
K[A}[B)

o Teacher Background, Safety, and Materials oo et iy s i i

mercuric ions, and thiosulfates. The traditional clock reaction involves the use of mercuric ions. And
while the mercury compounds are typically not used in today’s classrooms it provides an excellent
example for highlighting how experiments have evolved and the importance of green chemistry.

o Educational Goals and Corresponding Standards ety ot et s oot

colourless solutions contining iedate ions, hydrogen sulphite ions, mercury(ll) ions and starch are
mixed. After a few seconds the solution suddenly rurns orange with a precipitate of mercury(11)
wodide and a few seconds later suddenly turns black with the starch-iodine complex.

o Student pre-lab questions, lab procedure & questions e s e

sgmum mnhmmn and water react to hrm sedium hydrogen sulfite: Na:5:0r < HAO 32 NJHSD
Todate(V) ions are reduced to iodide ions by the hydrogen sulfite ions: 107 + 3 HS0x 3 -+ 3 504
3H

Ke ‘When the concentration of iodide ions becomes sufficient for the solubility product of the Hglz to

O exceed 4.5 % 10 mol’ dm %, then orange mercury(l1) icdide precipitates until the Hg® ions are
consumed (assuming an excess of I- ions): Hg?* + 2 I Hglz (orange or yellow)
1£1-and [0 ions remain, then an iodide-iodate reaction takes place: [0r + 5T+ 6 H' 3 31+ 3 H:0
The resulting starch-iodine complex is black to blue-black: I: + starch 3 a blue/black complex

H H H This ab s popular due o the dramatic ro!or:'hn;r of the reactions. In this lab students will
« Green Chemistry Teaching and Learnin T
while preforming 2 clock reaction lab using commen
. Greemer clock recerion mechanism:
0 m m u n It T L The reaction rate being studied is for the following reaction:
Hi0:+3 1+ 2H —=ir +2H:0

The [- is produced by adding excess vitamin C (ascorbic acid CuHoDs) to tincture of iodine
I3+ CeHuOe =2 Hr + 3 1- + CH Oy

o Online platform where teachers can connect with S I

Clarify for students that they are measuring time in this lab rather than rate, as the time gets

others and find resources R ——— .
o httpS://qctlc.orq $b¢y@ndhi'\‘.ic|n

https://www.beyondbenign.org/lessons/greening-clock-
reaction/#:~:text=This%20lesson%20replaces%20the%20tradition
al,hydrogen%20peroxide%20and%20starch%20solution.
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Replacing traditional chemistry labs with green chemistry alternatives can help:
Reduce the number of hazardous chemicals stored in high school
stockrooms

Reduce the amount of hazardous waste that is produced, stored on site,
and disposed of

Reduce the risk of chemical exposure for both students and teachers o o
during lab activities

Ease staff transitions and prevent accumulation of hazardous materials
after teachers retire

Empower students to participate in Chemistry labs confidently
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Resources and Opportunities
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After you do a stockroom cleanout, how do you prevent schools
from purchasing the same hazardous chemicals?

Green Chemistry!

Pictured: The NYS Department of Environmental
Conservation'’s school chemical clean-out project at one
high school found many outdated and/or mislabeled
chemicals needing identification and sorting before proper

disposal.
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Free Program for K-12 Schools in NY

Program goals:
« Safe removal of

41 an old, outdated, or
X unsafe chemicals
en Implementation of

SCHOOLS green chemistry

‘ lab curricula
Pilot Program _
* Professional

development for
teachers

https://www.rit.edu/affiliate/nyspZ2i/clean-green-schools



GREEN CHEMISTRY

PROFESSIONAL LEARNING TEAM

A monthly
collaborative space
for NY teachers
aspiring to green
their chemistry
classrooms.

Third Tuesday of each
month from November
2025 to June 2026

7 p.m. to 8:30 p.m. ET
Virtual

Registration Link: https://www.beyondbenign.or:

New York State Pollution Prevention Institute | 19

-team/2025-11-18/
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Co-developed by the New York State Pollution Prevention Institute and
Beyond Benign

NYS Microsite: https://sites.google.com/beyondbenign.org/green-
chemistry-in-new-york/home

Includes: WORK SUPPORTED BY:

% beyondbenign

Green Chemistry Teacher Starter Pack

green chemlstry education

Regents Standards Guide- Green Chemistry Labs

Professional Development Opportunities

New York State

IndUStry Examples and Lesson Plans Pollution Prevention Institute

" NYS

Perspectives from NYS Teachers!
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FREE Professional Development Courses

online courses

Registration open through June 2, 2026

= Offered by Beyond Benign

over the summer

= Introductory and advanced

courses
= Fellowship opportunity
= Register by June 2nd!

= Funding provided by the NYS Pollution Prevention Institute through
a grant from the Environmental Protection Fund as administered by

the NYS Department of Environmental Conservation.

1-CREDIT COURSES

beyondbenign

MIDDLE & HIGH
SCHOOL TEACHER

SUSTAINABLE SCIENCE: CONTEXTUALIZING
CHEMISTRY THROUGH SAFER HANDS-ON LABS

TIMING: June 8th, 2026— June 28th, 2026

beysadbenion

HIGH SCHOOL
TEACHER COURSE:

Advanced Green
Chemistry: Connections to
Our World

ADVANCED GREEN CHEMISTRY: CONNECTIONS
TO OUR WORLD

TIMING: June 8th, 2026 — August 3rd, 2026

AUDIENCE:
High School Chemistry Teachers
(Pre-Req: Intro to Green Chemistry)

3-CREDIT ONLINE COURSES

beyondbenign

HIGH SCHOOL
TEACHER COURSE:

Introduction to Green
Chemistry

INTRODUCTION TO GREEN CHEMISTRY FOR HIGH
SCHOOL TEACHERS

TIMING: June 8th, 2026 - August 3rd, 2026

' Beyond Benign Green

Chemistry Fellowship

BEYOND BENIGN GREEN CHEMISTRY
FELLOWSHIP PROGRAM

WHEN: September — December, 2026 (following completion of
Advanced Green Chemistry)

AUDIENCE: New York State High School Lab-Based Science
Teachers (Pre-Req: Advanced Green Chemistry Course)
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Rochester Institute of Technology
111 Lomb Memorial Drive, Bldg. 78-2000

T h a n k Yo u Rochester, NY 14623

Phone: (585) 475-2512
Email: nysp2i@rit.edu
Web: rit.edu/nysp2i

CornellCALS

College of Agriculture and Life Sciences

BingHamTon  Glarkson
UNLVERSITY w D__
© 2026 Rochester Institute of Technology. Funding provided by the Environmental Protection Fund as administered by the New York State Department

of Environmental Conservation. The opinions, results, findings, and/or interpretations of data contained herein are the responsibility of Rochester Institute
of Technology and its New York State Pollution Prevention Institute and do not necessarily represent the opinions, interpretations, or policy of the State.
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