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nann1suazuuIlf R Iun1sdmniseeade (Waste Management Hierarchy) 71 Anflsfis
An9ifastunisiineeads lngnisldmaianisannisiinuadidy (Waste Minimization) N15ae
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fa?gfrted prevention

option

minimisation
reuse
recycling

least energy recovery
favoured

option disposal

U7t 3.1 ndnnisuazualfiR tun1sdAnMsEeeidy (Waste Management Hierarchy)
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The 12 Princip

® GREEN CHEMISTRY

Green chemistry is an approach to chemistry that aims to maximize efficiency and minimize hazardous effects on human
health and the environment. While no reaction can be perfectly ‘green’, the overall negative impact of chemistry research
and the chemical industry can be reduced by implementing the 12 Principles of Green Chemistry wherever possible.

1. WASTE PREVENTION 7. USE OF RENEWABLE FEEDSTOCKS

Use chemicals which are made from
renewable (i.e. plant-based) sources,
rather than other, equivalent
chemicals originating from
petrochemical sources.

Prioritize the prevention of waste,
rather than cleaning up and treating
waste after it has been created.
Plan ahead to minimize waste at
every step.

2. ATOM ECONOMY 8. REDUCE DERIVATIVES

Reduce waste at the molecular
level by maximizing the number of
atoms from all reagents that are
incorporated into the final product.
Use atom economy to evaluate
reaction efficiency.

Minimize the use of temporary
derivatives such as protectin:
groups. Avoid derivatives to reduce
reaction steps, resources required,
and waste created.

@@

3. LESS HAZARDOUS CHEMICAL SYNTHESIS 9. CATALYSIS

Use catalytic instead of
stoichiometric reagents in reactions.
Choose catalysts to help increase
selectivity, minimize waste, and
reduce reaction times and energy
demands.

Design chemical reactions and
synthetic routes to be as safe as
possible. Consider the hazards of

all substances handled during the
reaction, including waste.

@0@

4. DESIGNING SAFER CHEMICALS 10. DESIGN FOR DEGRADATION

Minimize toxicity directly by
molecular design. Predict
and evaluate aspects such as
physical properties, toxicity, and
environmental fate throughout the
design process.

Design chemicals that degrade and
can be discarded easily. Ensure
that both chemicals and their
degradation products are not toxic,
bioaccumulative, or enwronmentally
persistent.

5. SAFER SOLVENTS & AUXILIARIES 11. REAL-TIME POLLUTION PREVENTION

Choose the safest solvent available
for any given step. Minimize the
total amount of solvents and
auxiliary substances used, as these
make up a large percentage of the
total waste created.

0
0

Monitor chemical reactions in
real-time as they occur to prevent
the formation and release of any

potentially hazardous and polluting
substances.

@
@

6. DESIGN FOR ENERGY EFFICIENCY 12. SAFER CHEMISTRY FOR ACCIDENT PREVENTION

Choose the least energy-intensive
chemical route. Avoid heating and
cooling, as well as pressurized and
vacuum conditions (i.e. ambient
temperature & pressure are optimal).

Choose and develop chemical
rocedures that are safer and
inherently minimize the risk of
accidents. Know the possible risks
and assess them beforehand.

o
6

© COMPOUND INTEREST 2015; WWW.COMPOUNDCHEM.COM @@ @
Shared under a CC Attribution-NonCommercial-NoDerivatives licence.
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ﬁm‘ﬂﬁuuﬁﬂﬂ‘isfuﬂﬂ”mvuﬂﬁﬁﬂw’] (Regulations for Hazardous Waste Generated at Academic
Laboratories) fiag Tuanunasijnanuasdudunsiayidn hazordous waste generator 52Tt Subpart
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° miﬁmstﬂﬁ’a’ﬁmémmumsmﬁﬁumwﬁsfﬁfagrfuﬂmgﬁ'u (Product Substitution):
finn1sWasafisdad idusunsounuasiai sunsna unszuannisnied uaeuea9ns
AnTsimasey SutsanUBnnneeaiudunany uarandiFarsunistilaietidaeeaiaas
TrEnmnaniis
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usinzdu donfianiasilifuTunimzssgeenemaniy fnuineenieyneiialufesfifing
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AFUNN I s Tuﬂi:mumiLﬁ94‘m%fm’iﬂﬂﬁ:mumiﬂﬁﬂmﬁ%‘fugﬂLﬁm Fapting 1 N1531eE e (4
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N52UIUNI9NA%K (Distillation)
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® n1sAnemaay (Waste Disposal): inianiafiazyinlizeaded atisatnin
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3.2 A15IMUNTEA2BREaNATIY
gpaRganndesfuinisanisasiuun e 2 Ussianlngjq Ae saaiadunsie

(Hazardous Waste) hazaaaidsfiHauns1e (Non-Hazardous Waste)

[ 1
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EPA's Chemical Compatibility Chart

EPA-600/2-80-076 April 1030

A METHOD FOR DETERMINING THE COMPATIBILITY OF CHEMICAL MIXTURES

‘mean that e
‘ad dsposing of any given waste should be ahraimad froe the origiastor o the watse.

& REACTIVITY GROUP NAME

4 |Acids, imeral, Noworidizing | 1 CODE CONSEQUENCE
2 s, Mineral, Osidicing 2 H  Heat Generation
5
3 |Acids, Organic H 3 F Fire
A
4 |Akobols and Glyeols I R Y G Innocuous and non-flammable gas generation
L
5 [AMeindes PP e 5 GT  Tosic Gas formation
H |
6 |Amiles H_|oT | 3 GF Flammable Gas formation
H
7 |Ammes, Asphatic and Aromate |0 |61 |u " 7 E Explosion
(] il
8 | Hyndnes |6 |6T |6 |6 |H ] P Vinlent Polymerization
H R
8 |Carbamares G |eT | H o B Solubilization of toxic substance
w
10 |Caustics L I O 5 | U May be hazardous, hur Unknown
GT [eT [oT
1 |cymites (e L r, n
W [HGT GF o
12 GE_|cF |oF 6T v e 12
H I H
13 |Esters H|F I H 13
H
15 [Errs u_|F 1
15 |Finarides, Tnorgamie or ot lor | 15;
T
16 romal F | 1
"R G "
17 |Bstogensted Organie: or |61 | lo1 e lce_n 7
H o HF o H oW AP
6 |o1 |6 |p G G o |u ®
o i
H_F I oK i
T A i
GF |1 | G (I O LI )
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. G| 6T v |n g |n GF 2
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20 [Taxic s s s | s s s F1]
GF [H.F [H_[HE [GF i [GF GF [GF [6F [oF
25 |Niuider bE_|E_|GE loF W v o lu 4 JoF w n LER (ORI TR 25
HGT[.F H GF
26 |Nindles oF |61 |n | u P s |
L W HE HE
45 H E GF GF Fil
T m
F H E ]
H
F p]
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e F s LT P [ FEN T S 5 O s lof ot e )
W i 0 o oF
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or_|oT | u e n lu 32
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33 |Sulfdes oF |of |61 | n 3 H 1 n
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4 |Epesties [ - I [ plp p P b b o b lp P lp v b |
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101 |Maturials, Miccellaneans G |6T | | G i GF &7 | 101
(R i i i ([ ] Ho (W (I T
102 |Fxplosives E | e E E E e £ e E e E e E g g lme
CENCI) g G R I I Ca 0 W
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i7 3 4 5 8 7 8 8w 12 8 15 5 47 8 19 20 21 22 23 24 5 26 a1 a8 2 30 91 32 35 34 W01 0z 105 04 15 05 107

gﬂ‘ﬁ 3.5.1 EPA ‘s Chemical Compatibility Chart
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DANGEROUS GOODS & COMBUSTIELE LIQUIDS STORAGE COMPATIBILITY CHART

PR X S X XX RN

FLAMMABLE
GASES

NON TOXIC
NON FLAMMABLE
GASES
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’gﬂﬁ 3.5.2 Dangerous Goods and combustible Liquid Storage Compatibility Chart (CCOSH)
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X - Indicates chemicals that are incompatible and should not be stored together.

’gﬂﬁ 3.5.3 Chemical Compatibility Chart (Adapted from CRC Handbook)
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