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Chemicals and wastes are -

EDUCATION

reflected in a number of goals '
and targets, including health, I!ﬂl

gender, water, cities and
human settlements, oceans, 3 Rawcitstne
food and sustainable —M/\v
consumption and production

INOUSTRY, WNOVATION 10 REDUCED LIFE DECENT WORK AND
ON LAND ECONOMIC GROWTH
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Overview of the Chemicals

International Programme on
Management Plan

Chemical Safety

N

Poisons centres

Build capacity Risk assessment
Stakeholder Engagement

Chemical safety ysearch and Out.reach, Informa?ion

Gathering and Reporting
and, Cooperation and

Chemical incidents Internatu':mal N Collaboration IZ‘
conventions

/

http://www.chemicalsubstanceschimiques.gc.ca/fact-fait/overview-vue-eng.php

http://www.who.int/ipcs/en/
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Where’s the Harm — Toxics Across The Product Lifecycle Green Chemistry

v

Raw Material Chemical
Extraction Processing

——

Product “End of Life" -
Disposal or Recycling

¥

Product use

Component
Manufacturing

It’s important to recognize that many
Distribution, Product Assembly chemistry graduate programs don’t ever

marketing, sales photos by IStock Photo - - -
talk about toxicity of chemicals, or require
) students to take even one course on
Toxics: Pb, Hg, Cd, BFRs toxicology.
http://www.electronicstakeback.com/toxics-in-electronics/ http://wwvy.eIectromcstakgback.com/tost-
in-electronics/green-chemistry/ -
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The 2030 Agenda for Sustainable Development

Chemicals and waste is key cross-cutting issue which
provides opportunities for collaboration and
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Waste Hierarchy

to improve water quality by reducing pollution,
eliminating dumping and minimizing release of
hazardous chemicals and materials

‘ Chemicals and Waste International Treaties

= Basel Convention
Most comprehensive global environmental agreement on hazardous and other wastes

BASEL CONVENTION

- Rotterdam Convention
Covers pesticides and industrial chemicals banned or severely restricted for health or environmental reasons

ROTTERDAM CONVENTION
_ Stockholm Convention @
Global treaty to protect human health and the environment from persistent organic pollutants
STOCKHOLM CONVENTION
P‘{(\ \‘Q
-~ Minamata Convention \", " u
Global treaty to protect human health and the environment from the adverse effects of mercury & 1}/

. : : —
Strategic Approach to International Chemicals Management S a I C m
the environment and human health

‘\._______./

Policy framework to foster the sound management of chemicals throughout their life-cycle to minimize significan’

o Global Programme of Action for the Protection of the Marine Environment from Land-based Activities
The only global intergovernmental mechanism directly addressing the connectivity between terrestrial, freshwater, coastal and marine ecosystems

[P
o Montreal Protocol on Substances that Deplete the Ozone Layer \‘f "; \J
Designed to reduce the production and consumption of substances that deplete the ozone layer \l.\ I}/ ‘,4“‘\ ™y,
T i am
UNEP e
= S

- Vienna Convention for the Protection of the Ozone Layer
Framework for efforts to protect the globe’ s ozone layer by promoting cooperation and adopting legislative or administrative measures IINEP
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- An agency of the European Union News and Events | Press | Contact |English (en)

MECHA

EUROPEAN CHEMICALS AGENCY Advanced search »

About Us Regulations Addressing Chemicals

of Concern

Information on
Chemicals

Chemicals in our Life Support

OOOEE

ECHA > About Us > Who we are > Mission

European Chemicals Agency

- About Us Mission
- Who we are ECHA is the driving force ameng regulatory autherities in implementing the EU's groundbreaking chemicals legislation for
the benefit of human health and the environment as well as for innovation and competitiveness. ECHA helps companies to
Mission comply with the legislation, advances the safe use of chemicals, provides information on chemicals and addresses chemicals
of concern.
Values

Vision
Organisation
ECHA aspires to become the world's leading regulatory authority on the safety of chemicals.

Executive Director Values

Transparent

We are open and transparent in our actions and decision-making. We are easy to understand and to approach.

Independent

We are independent from all external interests and impartial in our decision making. We consult members of the public
openly before taking many of our decisions.

Trustworthy

Our decisions are science based, consistent and impartial. Accountability and the security of confidential information are
cornerstones of all our actions.

Efficient

We are goal-criented, committed and we always seek to use rescurces wisely. We apply high guality standards and respect
deadlines.

Comumitted to well-being

We stimulate the safe and sustainable use of chemicals to improve the guality of life of all citizens in Europe and the
environment.

REACH 2006
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- An agency of the European Union MNews and Events | Press | Contact

English (en)

Search the ECHA

ECHA

EUROPEAN CHEMICALS AGENCY

About Us Regulations Addressing Chemicals

of Concern

Information on
Chemicals

ECHA > Chemicals in our Life

Chemicals in our Life

Chemicals are the building blocks of life. They are present in us, all around us,
and in every product we buy.

Human beings and animals are made of chemicals; cooking food is all about

Chemicals in our Life

chemistry; the drugs that prevent and treat illnesses are made of chemicals;
and even the sun that enables life on earth is made of chemicals. Chemicals
are both naturally occurring and manmade. Life would not exist without them.

In these web pages, we try to offer a perspective on how vital chemicals are, as
well as how to use them safely .

Videos

= 4.
Painting a Safer Europe The Price You P,

¥

How can I use chemicals safely? How European legislation on

Labels - Products - Workplaces chemicals improves our lives Hot topics




The Frank R. Lautenberg Chemical Safety for the 21st Century Act

eEPA Espaiiol | Pz EMEE | @ #HE | Tiéng Vit | #30f
\’ US Environmental Protection Agency

Learn the Issues Science & Technology Laws & Regulations About EPA 1 EPA.gov Q

Assessing and Managing Chemicals under TSCA Contact Us  Share

a8 The Frank R. Lautenberg Chemical Safety for
- the 21st Century Act

How EPA Assesses
Chemical Safety

On June 22, 2016, President Obama signed into law the Frank R.

Assessments for TSCA Sign up for TSCA and

Work Plan Chemicals Lautenberg Chemical Safety for the 21 Century Act which amends Other Chemical Safety

Current Chemical Risk the Toxic Substances Control Act (TSCA), the Nation’s primary News

L= T T chemicals management law.

ChemView i )

R The new law, which received bipartisan support in bath the U.S. ) CE::_‘ET‘:"':TT
House of Representatives and the Senate, includes much needed S
improvements such as:

Mandatory requirement for EPA to evaluate existing chemicals
with clear and enforceable deadlines;

New risk-based safety standard;
Increased public transparency for chemical information; and
Consistent source of funding for EPA to carry out the
responsibilities under the new law.

» EPA establishes the

Science Advisory
Committee on Chemicals

EPA identifies five mercury

Learn more: compounds for export
restrictions

« law and Summary Information « New Questions and

« Implementation Activities Answers on PBT chemicals

« Meetings and Webinars

« Frequent Questions

Contact Us to ask a question, provide feedback, or report a problem.

https://www.epa.gov/assessing-and-managing-chemicals-under-tsca/frank-r-lautenberg-chemical-safety-21st-century-act
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THE PUBLIC HEALTH IMPACT OF
CHEMICALS: KNOWNS AND
UNKNOWNS

Infematienal Frogramme on Cherrieal Safety

(7N World Health

WE® Y Organization

The population attributable fraction (PAF) is the proportional reduction in death or disease that
would occur if exposure to a risk were removed or maximally reduced to an alternative level. To
quantify population health impacts from expeosure to chemicals, a systematic literature review
compiled estimates and summaries of chemical exposure and links between the respective
chemicals and disease or injury. The preferred source was global estimates of population
impacts for selected chemicals based on comparative risk assessment (CRA), followed by
astimates based on more limited epidemiological data or, finally, expert opinion (see Priss-
Ustln et al, 2018 for details on methods).

Reducing exposure to hazardous chemicals is essential to achieving the Sustainable
Development Goals (SDGs). which aim:

By 2020, to achieve the environmentally sound management of chemicals and
all wastes throughout their life eyele, in accordance with agreed intemational
frameworks, and significantly reduce their release to air. water and soil in order
to minimize their adverse impacts on human health ond the environment
(Target 12.4).

=1

By 2030, to substantially reduce the number of deaths and illnesses from
hazardous chemicals and air water and soil pollution and contamination
(Target 3.9).

By 2030, to improve water quality by reducing pollution, eliminating dumping and
minimizing release of hazardous chemicals and materials, halving the propoertion
of untreated wastewater and substantially increasing recycling and safe reuse
globally (Target 6.3).

http://www.who.int/ipcs/publications/chemicals-public-health-impact/en/
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Figure 2. Human exposure to chemicals throughout their life cycle and selected programmes relevant to their prevention

i | . Naturally occurring Raw ials B :
| ===ty contaminants i ;
: Water and food safety = > e, rsenicand Rosrkdeln eg. f:::i;f:::llss, raw S Chemical safety
. water, natural toxins o
Manufacture _' {
T s . _ Occupational, transport
B (ER) H l‘“"w “o ===+ andchemical safety
S \ / ]
B AR I N\ o
- 0 PR Manufactured products - '
F f% £+ Human | eg.industrial and agricultural | <7 memmsla;:d product
B ' #3? ks exposure chemicals, petroleum products S : ty
k& ‘§ 2 g Fommmmmmm————-
B E 4 N Useand -~ " Occupational, chemical,
disposal “~<_=--1 food and water safety
1 ' I,
! Combustion products Waste and by-products -1 __ ! Waste management,
: Transp?rtan:il health, D e.g.indoor and outdoor air e.g.e-waste, persistentorganic | <~ chemical, food and
: arquality :’ . pollutants pollutants N water safety
Legend:
. --- Poliiesand o o .. Environmental Occupational
[:] Chemicals Brposure | prOgrRES W) Processes exposure ! exposure  ——

Source: Knowns and unknowns on burden of disease due to chemicals: A systematic review, Priiss-Ustiin etal (2011).
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21+¢ % 5 TR Transforming Environmental
&f% & lﬁi“% NAP 2007 Health Protection science 2008

Standard rodent Alternative Biochemical- and cell-based
toxicological tests animal models in vitro assays

10-100/year 100-10,000/year >10,000/day

Human experience
1-3 studies/year

TOXICITY TESTING IN THE 21ST GENTURY
A VISION AND A STRATEGY

Knowledge

pi0oiio01Q 4 s
Computational toxicology Critical toxicity pathways

Immediate human relevance __ e ’

o Transforming toxicology. The studies we propose will test whether high-throughput and computational tox-
y icology approaches can yield data predictive of results from animal toxicity studies, will allow prioritization
of chemicals for further testing, and can assist in prediction of risk to humans.
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nature .
chemistry

Home | Cument issue | Comment | Research | Archive v | Authors & referees v | About the joumal »

home » archive » issue » commentary » full text

NATURE CHEMISTRY | COMMENTARY 5 =

The role of chemistry in inventing a sustainable
future

Stephen A. Matlin, Goverdhan Mehta, Henning Hopf & Alain Krief
Affiliations | Corresponding author

Nature Chemistry 7, 941-943 (2013) | doiz10.1038/nchem.2389
Published online 09 November 2015

poF | & citation | Il Reprints | % Rights & permissions | [ Article metrics

The Sustainable Development Goals adopted at a UN summit in September 2015 address
many of the great challenges that our planet faces this century. Chemistry can make
pivotal contributions to help realize these ambitious goals, but first it must undergo major
changes in its priorities, approaches and practices.
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12 #68 A

= PolyEthylene Terephthalate = PolyLactic Acid (PLA) & 5 &
(PET) ®$pspee = Ay o General process (PLA-G)

= High Density PolyEthylene o Nature-Works LLC (PLA-
(HDPE) & % & & 2 % NW)

= Low Density PolyEthylene = PolyHydroxyAlkanoate (PHA)
(HDPE) % & & % ¢ % B 73 4k R v L

= PolyPropylene (PP) & [ o corn Grain (PHA-G) %.  #-

= PolyCarbonate (PC) sk ik fin a corn Stover (PHA-S) % 3 4%

= PolyVinyl Chloride (PVC) %&_ 1+
S = hybrid bio/petroleum polymer;

= General Purpose PolyStyrene BioPolyethylene Terephthalate
(GPPS) . ¥ ¢ % (B-PET)

Environ. Sci. Technol., 2010, 44 (21), pp 8264-8269
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Green Design Principles
12 Principles of Green Chemistry
GC 1. Prevention (Overall)
GC 2. Atom Economy
GC 3. Less H Chemical Synthesi
GC 4. Designing Safer Chemicals
GC 5. Safer Solvents and Auxiliaries
GC 6. Design for Energy EfMiciency
GC 7. Use of Renewable Feedstocks
GC 8. Reduce Derivatives
GC 9. Catalvsis
GC 10, Design for Degradation
GC 11. Real Time Analysis of Pollution Prevention
GC 12, Inherently Safer Chemistry for Accident Prevention
12 Additional Principles of Green Chemistry
A 1. Identify byproducts: quantify if possible

A 2. Report conversions, selectivities. and productivities

A 3. Establish a full mass bal for the p
A4, Quantify catalyst and solvent losses
A3l basic ther hemistry o identify

A 6. Anticipate other potential mass and energy transfer
A 7. Consult a chemical or process engineer
A 8. Consider the effect of the overall process on
A9. Help develop and apply sustainable measures
A 10. Minimize use of utilities and other inputs

A 11, Identify safety and waste minimization are incompatible

A 12. Monitor, report and minimize wastes
12 Principles of Green Engineering

GE 1. Inherent rather than circumstantial

GE 2. Prevention instead of treatment

GE 3. Design for separation

GE 4. Maximize mass, energy, space, and time

GE 5. Output-pulled versus input-pushed

Table 1. Metrics for Green Design Principles

theme
avoid waste
material efficiency
avoid hazardous
materials/pollution
maximize energy efficiency

use of renewable sources
use local sources

design products for recycle
design to degrade

cost efficiency

principles
metric referenced
atom economy GC 2, A1, A3
density GE 8, GE 4
TRACI health and ecotoxicity GC3-5 11, GE2

impacts
Total Energy Demand

10
percent from renewable sources GC 7, GE 12
feedstock distance GE 10
percent recycled GE 3,6, 9, and 11
biodegradability GC 10
price GE 9

GC6,A10,GES3, 4,

% of Greatest Impact

Carcinogens

Eutrophication

Global Warming

9% of Greatest Impact

GE 6. Conserve complexity Non carcinog! Ozone depleti Respi y effects Smog Fossil Fuel Depletion
GE 7. Durability rather than immonality mPET  ®B-PET #PVC ~PLA-NW ®PLA-G ®PHA-G ~PHA-S mHDPE mLDPE w=GPPS mPC s PP
GE 8. Meet need, minimize excess
GE 9. Minimize material diversity
GE 10. Integrate local material and energy Mows
GE 11. Design for commercial “afterlife”
GE 12. Renewable rather than depleting
Environ. Sci. Technol., 2010, 44 (21), pp 8264-8269
25
Table 3. Rankings for Each of the Polymers Based the Normalized Green Des 0
Assessment Results and the Normalized Life Cycle Assessment Results B Petroleum Feedstock
¢ -2 m Biological Feedstock
2 T HDPE
Q 4 PPH & [ |
E LDPE
PLA (NatureWorks) 1 6 T 6
PHA (Utilizing Stover) 2 4 ‘g /QA‘S s
PHA (General) 2 8 g -8
PLA (General) 4 9 S .40 PLA-NWS
High Density Polyethylene 5 2 Z PHA-GH
Polyethylene Terephthalate 6 10 % -12
Low Density Polyethylene 7) 3 9 1 BPLA-G
Bio-polyethylene Terephthalate 8 12 O
Q B PET
Polypropylene 9 1 5 -16; 5
General Purpose Polystyrene 10 5 L B B-PET
7 - -18 .
Polyvinyl chloride 1 7 -3 -2 1 0 1 2 3 4 5
Polycarbonate 12 11 Adherence to Green Design Principles

Environ. Sci. Technol., 2010, 44 (21), pp 8264-8269
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