ENV-167 Introduction to Environmental Engineering - Water we use

Oct. 28t — Micropollutants in water (F. Breider)

Sources, Fate and Behavior of Chemicals in the Environment

Oct. 30t"— Bacteria and viruses in water (T. Kohn)

«  Occurrence and fate of pathogens in the water cycle

Nov. 4th — Water treatment technologies (U. von Gunten)

«  Water resources for drinking water, drinking water treatment including water reuse and

(enhanced) wastewater treatment

Nov. 6t — Visit of Vidy wastewater treatment plant (13.15-15h)
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Aims of this course
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Gain a better understanding of:

The diversity of chemical contaminants/pollutants

The sources of environmental contaminants/pollutants

The fate and behaviour of contaminants/pollutants in the different
environmental compartments

The effects of pollutants on the ecosystem and human health



Definition (1)

A pollutant is a substance detectable in the environment, at least
partially due to human activity, and that may induce adverse
effects on the living organisms. Moriarty 1983

The Safe Drinking Water Act (SDWA) defines contaminant as
any physical, chemical, biological or radiological substance or
matter in water. The presence of contaminants does not
necessarily indicate that the water poses a health risk. us-era
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Definition (1)

A pollutant is a substance detectable in the environment, at least partially due
to human activity, and that may induce adverse effects on the living organisms.
Moriarty 1983

If totally foreigner to the nature: xenaobiotics

e.g. arsenic, petroleum or chloroform are not xenobiotics since they can be present naturally in rocks and/or sediments.

We can distinguish :

» Macropollutant

* Micropollutant

* Nanopollution ? (e.g. nanotubes, fullerene, graphene, metalic nanoparticles, nanoplastics)
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Definition (2)

We call micropolluant a substance detectable in the environment in low
concentrations (ug/l ou ng/l), partially due to human activity, and that can
induce adverse effects on the living organisms at these low concentrations.

Effects at 10 ng/L
Olympic sized swimming pool
2,500,000 L
=25,000,000 ng
=25000 pg
=25mg

=0.025¢

=42g P
E P F L = 18,312 grains "



Definition (3)

We call micropollutant a substance detectable in the environment in low
concentrations (ug/l ou ng/l), partially due to human activity, and that can
induce adverse effects on the living organisms at these low concentrations.

Inorganic micropollutants: heavy metals, metalloids, nitrite, nitrate...

Organic micropollutants: mostly substances produced by the industry
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Definition (4)

"Emerging substances" can be defined as substances that have been detected in the
environment, but which are currently not included in routine monitoring programmes at EU
level and whose fate, behaviour and (eco)toxicological effects are not well understood.

"Emerging pollutants” can be defined as pollutants that are currently not included in routine
monitoring programmes at the European level and which may be candidates for future
regulation, depending on research on their (eco)toxicity, potential health effects and public
perception and on monitoring data regarding their occurrence in the various environmental
compartments.

https://www.norman-
network.net/?q=node/19#:~:text=Examples%20from%20the%20LIST%200F,
L endocrine%20disrupting%20compounds%20(EDCs).
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Principal sources of pollution

Agriculture

Very different chemicals:

- fertilisers, phosphorus

- biocides

- antibiotics/pharmaceuticals

L8
e emission into the air: drift

* emission into the soil

« transfer to water, sediment, groundwater
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Principal sources of pollution

Industries (mines, pharma/chemical industries)

Very different chemicals:
- Metals
- PAHSs

- N-nitrosamines

« emission into the air: smoke
« emission into the water: discharges §
« emission into the soil: discharges
* transfer between compartments

EPFL <



Principal sources of pollution

Cities / Leisure activities /
Households

Very different chemicals:
Pharmaceutical substances
Biocides

Plastics

POPs

* emission into the air

« emission into the water

e emission into the soil

* transfer between compartments

EpFL ‘ - ' ﬂ




Principal sources of pollution

Military activities
(conflict zones, military training sites, ammunition factories)

Very different chemicals
Heavy metals
Radioactives materials
Explosives

PAHSs

Armed conflicts too often lead to
environmental degradation or destruction,
with long-lasting effects that contribute to
the increased vulnerability of the affected
populations.

3 "n":, y .,’ - L : 4, "4- »,'
EPFL .
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Inorganic pollutants
. . Major element(>0.5%) .
. Minor element(lOO—S,Omﬁ\ _
. Ultra-trace elements (1-1,000ppb)

e i HEEE R
>

=Pr-L Ren etal. 2024 https://doi.org/10.1016/j.gloplacha.2024.104498

_- Trace element(1-100ppm)
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Inorganic pollutants

2 3 C{\ mm/\w\q Gaseous
Precipitation Atmospheric (/\ )%
LJ‘L/ —/q ~~ Nitrogen  (* (QL > g gy
,',’,,,"- ity ,' il + Lightning Store 2 ( ,/
et Fixation QSN
Fossil Fuel 11 A8 K0 / /
Emissions TR TORY. Bacteria
GaseOuS Fixation
Losses
N, & N,O
Runoﬁ
‘ Fertlllzers E hi
A Organic Matter w, Littophication
Denitrification (R-NHZ)\
Mineralization
Plant Na .
Consumption Ammonium
+
(NH4 ) Leaching
Nltrlflcation
Nitrates Nitrites __/
e
(NOZ") “"Nitrification (NO,")

Moloantoa et al. 2022 https://doi.org/10.3390/w14050799
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Inorganic pollutants
NO,/NO;-

High concentrations of nitrite in freshwater ecosystems can be toxic to aquatic organisms. These living

organisms can capture nitrites from water through their cells, subsequently undergoing the oxidation of their

respiratory pigments (hemoglobin, hemocyanin). Since NO2- and CI- ions compete for the same active

transport site, high chloride concentrations in the aquatic environment have the potential to reduce nitrite

toxicity.

Molluscs, crustaceans

Hemocyanin
Preforms better in cold environments
with low oxygen pressure
Contains copper linking other parts
of the molecule
Binds with oxygen non co-
operatively most
of the time (when non co-
operatively, is one quarter as
efficient as hemoglobin)
Free floating in blood

T

Vertebrates

Hemoglobin
Preforms better in oxvgen rich
environments
Contains iron surrounded by atoms
of carbon. nitrogen, and hydrogen
Binds with oxygen co-operatively all
of the time

Connected to red blood cells

H,C

HsC CH,

OH

Heamoglobin

o _
N i N N PN
N N Nl N
N N
Hs} His
N N
(\-’ﬂz_/\ (\/t/\
Oxyhemoglobin Deoxyhemoglobin
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Inorganic pollutants

NO,NO;

Eulimnogammarus toletanus

T

Antagonist effect of chloride on nitrite toxicity

a 100 4 0278 ppm Cl- M B ]
0 58.% ppm CI-
>, go 4 B3 ppmCl- L ]
= W00 ey -
E
E 0 - |
=
3‘? ll{: E
5
= 20 - H]j_l L‘
0 T T J ! !
b 100 - M B M i [T ]
2 80 -
g
S
< 97
o
& 40 -
=
3 2
E M 4
0 T T T J ! !
24 48 72 96 120 144 168
Exposure time (h)

Mean percentages (+SD) of mortality (a) and affected
individuals (b) for Eulimnogammarus toletanus exposed
to 5.1 ppm NO,-N through seven different exposure
times (hours) and at four different chloride
concentrations (ppm CI)

2010

> L'environnement pratique

> Protection des eaux

> Méthodes d’analyse et
d’appréciation des cours d’eau

0-chimiques, nutriments

Appréciation

Nitrites [mg/L N]™
(<10 mgiL CH

Nitrites [mg/L N]
(10 4 20 mgiL CF)

Nitrites [mg/L N]
(>20 mg/L CF)

trés bon Jjusqu'a < 0,01 Jusqu'a <0,02 jusqu'a<0,05
bon 001a<0,02 0,02a<0,05 0,05a<0,10
moyen 0,024a<003 0,054<0,075 0,104<0,15
médiocre 0,03a<004 0,0754<0,10 0,154<0,20
mauvais 0,04 et plus 0,10 et plus 0,20 et plus
Systéme Modulaire Gradué
17



Inorganic pollutants

“Heavy” metals, metalloids (Al, As, Cd, Cr,
Cu, Pb, Hg,...)

* Natural contamination: Bangladesh, Vietnam...
» Agriculture: pesticides, sluges,...

* Runoff water: streets, railways,...

* Industry, mines

Caution: they will not degradate but they can be transformed!
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Inorganic pollutants

Speciation and toxicity of arsenic




Inorganic pollutants

Speciation and toxicity of arsenic

0.75

0.50

0.25

Eh (volts)

-0.25

-0.50

T

Arsenic compound
Arsenous acid, arsenite
Arsenic acid, arsenate
Monomethylarsonic acid
Dimethylarsinic acid
Trimethylarsine oxide
Arsenobetaine
Arsenocholine
Tetramethylarsonium ion

Arsenosugars

Arsenolipids

Formula

HiAsO,

HyAsO,
CH,AsO[OH),
(CH,),AsO(OH)
(CH,)5As0
(CH,)sAsCH,CODH
{CH,);AsCH,CH,0OH
(CH,)As*

(CH, ), ASOCH~.

OH OH

B
o
NI,:_,:I,.-W/\_)\-DH
CH AsFa 342
o
H;.;?NWW\/’V
CHy AshG 332

Abbreviation
As(l)
As(V)
MMA
DA
TMAD
AsB
AsC
TETRA

As-sugars

As-lipids

R = glycerol, phosphate, sulphonate or sulphate
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Inorganic pollutants

Speciation and toxicity of arsenic

As (Ill)

Arsenobetaine

T

) =X O~

Arsenic compound
Arsenous acid, arsenite
Arsenic acid, arsenate
Monomethylarsonic acid
Dimethylarsinic acid
Trimethylarsine oxide
Arsenobetaine
Arsenocholine
Tetramethylarsonium ion

Arsenosugars

Arsenolipids

Formula

HiAsO,

HyAsO,
CH,AsO[OH),
(CH,),AsO(OH)
(CH,)5As0
(CH,4)3AsCH,CO0H
{CH,);AsCH,CH,0OH
(CH,)As*

(CH, ), ASOCH~.

Abbreviation
As(l)
As(V)
MMA
DA
TMAD
AsB
AsC
TETRA

As-sugars

As-lipids

R = glycerol, phosphate, sulphonate or sulphate
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Inorganic pollutants

Speciation and toxicity of arsenic

Cardiovascular Disease

Affects plasma levels of soluble
Diabetes Mellitus cell adhesion molecules, Hepatotoxicity
enhance TNFa or reduce
Inhibition of GLUT4 transporter, apolipoprotein E and serum Upregulation of pro-apoptotic
Glucose stimulated insulin paraoxonase activity proteins, damage to the
secretion , induction of hepatic blood vessels and
pancreatic B-cell death endothelial cell
Neurological Functions Carcinogenecity

. Generation of ROS/RNS
Affects the embryonic stem f \ - . ;
cells to development CNS, ‘ E;Arsen ic " alterations of micro RNAs

low sensory neuron and h&_xtpresmon;hch?nges ":j
- I ne maodar 10N n
skeletal muscle formation, stone modifications a

DMNA methylation

Effects on Proteins Skin Lesions

Induction of unfolded protein

Nephrotoxicity response (UPR) signaling

pathway, Generation of ROS,
Induction of DNA damage

Interact with SH-groups on
proteins, inhibition of
transcriptional coregulators Destroying mitochondrial

and enzymes membrane potential, decreased

Cox enzyme activity, increases

the expression of HO-1, MAPK,
E P F L NAG, urinary B,microglobulin, 22




Inorganic pollutants

Speciation and toxicity of chromium

Agricultural
NC

Anthropogenic
source of Cr (VI) R

contamination in
water

Steel Industry

Geogenic and anthropogenic sources

mpre- i /ldoi
- P - L Xie 2024 https://doi.org/10.1080/17518253.2024.2356614
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Inorganic pollutants

Speciation and toxicity of chromium
Crb*is more toxic than Cr3*

1.2

0.8

P 0.4
©
=
&
o0 (Impermeable)
i..
+Cr* *,
5+ »,
) : (+Cr “]+ — /Cr* ‘-,,.i fot confirmead)
e Cr* Stable oy \;"05 “d
~ i .
Cré* Stable B Cr** DNA - Protein
~<a = complex and/or
0.8 % = DNA modification
source: Bodek
1 | 1 | | L
0 2 4 6 8 10 12 14
pH

Geogenic and anthropogenic sources

T

Narayani et al 2011 - DOI: 10.1080/10643389.2011.627022
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Micropollutants

Diversity of micropollutants

More than 142,000 chemical
substances are in commerce in the
EU (2018).

There are over 180 million unique
chemical substances registered
with CAS (Chemical Abstracts

Service)

15,000 to 25,000 new substances
are added to this list (CAS) every
day.

ACS www.cas.org

T

First 25
Million ca.
40 years

Next 17
Million
125 May
Fith 25 2018
Million ca.
1 year
100
Fourth 25
Million ca. 2
years
Third 25
Million ca. 4
years
Second 25
Million ca. 4
o€ years
2005 2009 2013 2015 2016

142

2018
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Micropollutants

T

] Use of the Term Emerging Contaminants

= 160 4 1969 Jensen et al. End of Production 2004 Stockholm Convention
[0}
[ol%) 140 + Polychlorinated Biphenyls (PCBs) | .
B 5 1204 ‘ From Industrial Use
o=
& E 100+ w 2001 Giesy 1 2009 in Stogkholm WEU Regulation to Emergence as
& Kannan Conventi Contaminants to
w c
o= i Per-and Polyfluoroalkyl Substances (PFAS .
S Ttg 80 i 3 ( ) Regulation: PCBs,
L2860 i ) " PFAS and Plastics
= S 1972 Carpenter & Smith 988 MARPOL (Prevent pollution from spips) UN Considering
S G 404 . as Examples
S = 5 Global Action
e O 20 Plastics
S i
O
T T T T T T T T T T
1970 1980 1990 2000 2010 2020
. Spectroscopy, High Performance Liquid LC- (Tandem) MS  LC- High Resolution Tandem MS
Access@le /" Electrochemistry,  Chromatography (HPLC),
Upcoming  Chromatography lon Chromatography (IC) Toxicity screens Advanced Data Science Workflows
Analytical (Gas, Gel, Thin Layer),
Methods Mass Spectrometry Bioanalytical methods MALDI-MS -> Non-Target Analysis
(GC-MS)
- N
Pathogenic || Per- and Polyfluoroalkyl Substances _ PFAS Genetically modified Different-RNA
. bacteria || (PFAS) 1st Generation 2nd Generation organisms (GMOs) types
Prominent / . S : .
Bl Cyanotoxins Perchlorate Antibiotic resistance genes (ARGS) Protein  Environmentally
ging contaminants  persistent
Contaminant Heavy metals, Nutrients, ’ . S . il . . . free radicals
Classes Pesticides, Chlorinated hydrocarbons,l Ogganometalhc MTBE, Dioxane Ant_lblotlc res_lstam Nanoparticles Mlcro—an_d Virus Ino_culatlons
8 el Cans fuaiie ompounds microorganisms nanoplastics with novel UVCBs
over Time L X i o strains
(Exam Ies) Surfactants Endocrine-disrupting Brominated flame retardants Liquid crystal
P compounds (EDCs) monomers

Radionuclides and Certain peptide
Pharmaceuticals and personal care products (PPCPs) nuclear waste complexes

Wang et al., Emerging contaminants: A One Health perspective, The Innovation, Volume 5, Issue 4, 2024,100612,
ISSN 2666-6758,
https://doi.org/10.1016/j.xinn.2024.100612..

)
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Micropollutants

The multifaceted pathways of environmental contaminant (EC) production, utilization, and
Sources of micropollutants environmental release

Cosmetic

Pharmaceutical \, _
Perfumes | - S—
Dyes | v 1
Pesticides, herbicides, Cindusty ) g
fungicides
Plastics (Sgwdgg | ‘ > >
Additives s ~ €&
Non-stick substances |
Flame retardants

¢ leestockﬁ_

LandflII ) L :'j—iospit;r‘)

Wang et al., Emerging contaminants: A One Health perspective, The Innovation, Volume 5, Issue 4,
2024,100612, ISSN 2666-6758, https://doi.org/10.1016/j.xinn.2024.100612..

EPFL .



Micropollutants

Pathways through which ECs enter the environment and their subsequent fate
Fate of micropollutants

ECs can originate from various
sources, such as industrial
discharges, agricultural runoff, and
wastewater effluents. Once released,
ECs can undergo transformation
processes such as degradation,
volatilization, and bioaccumulation,
influencing their distribution across
different environmental compartments,
including water bodies, soils, and the
atmosphere.

Wang et al., Emerging contaminants: A One Health perspective, The Innovation, Volume 5, Issue 4,
2024,100612, ISSN 2666-6758, https://doi.org/10.1016/j.xinn.2024.100612..

EPFL .



Micropollutants

"~ Remediation Technt;lojy : Sustainable Managemeﬁ

Strategies for controlling ECs
encompass various measures,
including pollution control at the

source, sustainable remediation S em ) oms © N

to clean up contaminated sites, >y - =~
and sustainable management A a3 <48 - ¢, e
practices to prevent

contamination.

¢ Enhanced bioremediation

Wang et al., Emerging contaminants: A One Health perspective, The Innovation, Volume 5, Issue 4,
2024,100612, ISSN 2666-6758, https://doi.org/10.1016/j.xinn.2024.100612..

EPFL "



Definition
lonic, polar and non-polar substances
In chemistry, polarity is a characteristic describing the distribution of negative and positive charges in a
dipole. The polarity of a bond or molecule is due to the difference in electronegativity between the chemical
elements that compose it, the differences in charge it induces, and their distribution in space. The more
asymmetrically the charges are distributed, the more polar a bond or molecule will be, and conversely, if the

charges are distributed in a totally symmetrical way, it will be non-polar.

Bond Bond
. dlpole dipole Bond Bond
Polar: water, sucrose, ... -> hydrophilic S .,_>) dipole >0 dipole
Non-polar: hydrocarbons, ... ->hydrophobic / lipophilic k Molhular
dipole
a) No net dipole moment (b) Net dipole moment

T :
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Non-polar micropollutants &
persistant organic pollutants (POPs)



Non-polar micropollutants & Persistant organic pollutants (POPs)

Problematic properties of certain
é - == High-Latitudes
Deposition > evaporation POPs

miCI"OpO"UtantS J i condense and fall to earth.

- Degrade poorly in the

environment (POPS) Wio s Y N L MidLatitudes
) - / ; O S Seasonal cycles of

y
evaporation and deposition

- Have a short-term and/or long-

term toxic effect

— — —) Low-Latitudes
Evaporation > Deposition

- Disperse in the environment

Short-range
Atmospheric Transport Y, ¢ 1 W s POPs are mobilized into
(LRT Iong range transpo r‘t) Less volatile compounds move Y, ; A B the atmosphere
' through evaporation / deposition ) : § . i * 4

cyclesina

- Accumulate in food chains -grasshopper effect”
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Non-polar micropollutants & Persistant organic pollutants (POPs)

Benz[ajanthracens

Polycyclic aromatic hydrocarbons (PAHS)

o og o

Chrysens

Triphenylene

Benzola]pyrene

cl e |
237 B-Tetrachlorodibenzo-
pediaxin (TCDD)

Chlorinated aromatic compounds

izl
Cl cl \E:I:
il il
1 |
o al Cl Cl

2578

Tetrachlorodibenzofuran

3344

Tedrachiarabighenyl

3344
Telrachlorodiphenylelher

cel,

Cl Cl

p.p-DOT

T

Cl Cl

Aldrin

Pesticidas

[
o, By
- cl
Cl cl
oo Gl |
cl

Mirex

HyCS

o My

Hs 2
An Ao
H H

Aldicarb

Brominated flame retardants (BFRs)

Br Br Br
Br Br

Br Br Br Br Br. Br
Br Br Br
Br Br Br Br Br
Br Br
Br Br Br Br Br Br Br

Pohybrominated dipheny| ethers (PEDEs)
(decabromodiphenylether,decaBDE shown)

Br
Br. By Br
B B Br Br CHy
B i :: :’ r :C): Br Ho OH
Br Br CH
Br Br Br Br * Br
Br

Telrabromaobisphenal A

Paolybrominated diphenyls (PBBs)
[decabromabipheny| shown)

Drecabromodiphenylathane (DBDPE)

Telrabromoethylcycohexane Tetrabromoethyleyclooctane Hexabromecyelododecans

{TBECH, &, [i, v, and & sterecisomers) (TBCO, « and [ sterecssomers)  (HBCD, o, [, y sterecisomers) {TBEPA)
Perfluoroalkyl compounds (PFCs)
F, Fy Fz F F, F; F3 F CF3 CFy Fo Fo oo

P S 7 2 -
CF: F, F, F, COOH ofl ¥, F, F, % S50y

Fz Fz
CFy F. Fz Fa CF, CF,

Parfluoroocctana sulfonate
(PFOS)

Parfluoroocctances acid
{PFOA)

6-CF3-PFOS 3 3-CF3-PFOS
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Non-polar micropollutants & Persistant organic pollutants (POPs)

PCBs - Polychlorinated Biphenyls

Cl | Cl

Cl cl |
e Wy W

cl PCE &1 = PCH 114

Cl il | cl
e Wy W

Cl FCE 128 c FCB 118

|
Cl Cl Cl Cl
CICI r:.|c|
cl Cl cl FOR 123

FCEB 168

Cl | Cl .
e Ses
[ )
cl

PLCBE 156

Cl | Cl
eSS
Cl

PLCB 157

| Cl
I oo
cl [

PCB 1687

Cl | Cl
{9
Cl Cl

PCE 188

Switzerland: First regulations in 1972, ban in 1986

T

Persistent organic pollutants
209 PCB congéneres

Fat soluble

Classified dioxin-like PCBs as
human carcinogens
Endocrine disruptors

Bioaccumulation
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Non-polar micropollutants

Dioxins & furans pollution in Lausanne

PCBs Dicxins (PCDDs)
=] cl
cl 0. cl
- @ @ ) I@/L :@[
cl o cl
3,3'4,4"letrachlorabiphenyl 2,3,7 8- tetrachlorodibenzo-p-dioxin
[+
cl ci
cl 0. <] ]
} @ @ : @
i o =] i
cl
3,3 4.4’ 5-pentachlorobiphenyl 1.2,3,7 B-pentachlorodibenzo-p-dioxin
cl cl R
i o. cl
; @ @ : j@
cr o cl
ci ]
=}

3,3'4.4",5,5"hexachlorobiphenyl 1.2,3,4.7 8-hexachlorodibenzo-p-dioxin

Furans

ci |j I: I: cl
[} 0 cl

2,3,7 8-tetrachlorodibenzofuran

Q1oL

1,2,3,7,8-pentachlorodibenzofuran
al
cl : : cl
cl o cl
<l

1,2.3,4.7,8-hexachlorodibenzafuran

https://doi.org/10.1016/B978-0-12-800159-2.00019-1
75 dioxin and 135 furan congeners

unintentionally formed pollutants

Sources: incineration, combustion, industrial...

Qv

G PRILLY af >~

34
Bellerive O
36

e 500m (\"A Ouchy

Effects: cancer, respiratory, cardiovascularem, neurological and reproductive disorders

T

LE MONT-SUR-
LAUSANNE

LAUSANNE

i
1. CAUDULLO. So‘l'.'iRCES- CCANTON DE VAUD, UNISANTE
“

ﬁiveau de pollution

~~ potentielle aux

dioxines/furanes

En nanogrammes
équivalent toxique
par kg de sol (ng TEQ/kg)

De 20 a 50
De 512100
I De 107a 200
Il Plus de 200




Non-polar micropollutants -

£
- .. . 26000 A
Dioxins & furans pollution in Lausanne B
e 0 T
(2) BOILER g
\& w 4000 A
(4) WET SCRUBBERS (WS) a
since 1982 8 3000 4
) A L
Fungas | T=250C ﬁ S 5000 -
T=950°C Tr ] o o : ) g
‘ e | \. < 4000 4 —— furnace —-= stack (g =0%)
q g; T=65C i —=--stack (nyg=40%)
‘.}\‘.}‘ 'Aﬁ'{L ]I -] 0 T T T T T T T T T T
! o v o ’vw 9o ¥ o \vw o Wu
@FURNACES "VonRoll"  (3) ELECTROPREGIPITATORS (ESP) @ EXHAUST STACK 8 8 B 5 8 8 8 % § §
Year

80000 -

60000 -

40000 H

Mass of waste [t]

20000 -

PCDD/Fs average concentration
over 50cm topsoil

W

[ 10~ 20 ng TEQ(2022)/kg dry mass
[ 20 - 40 ng TEQ(2022)/kg dry mass
I 40 - 60 ng TEQ(2022)/kg dry mass
[ 60 - 80 ng TEQ(2022)/kg dry mass
(B 80 - 100 ng TEQ(2022)/kg dry mass
I 100 - 120 ng TEQ(2022)/kg dry mass
I 120 - 140 ng TEQ(2022)/kg dry mass

06%

)

— total waste incinerated
-®- incineration capacity [ 10

Other legends
® Measurement points
== Municipal boundaries

——— incineration residues Scientific literature Historical archives Technical data

1960 -

1965 ~

1970 ~

1975 ~

Percentage of incineration residues [%)]

+-m

1980 ~
1985 ~
1990 o
1995 ~
2000 ~
2005 -

Year

Breider et al.

, 2024
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Non'pOIar mlcrOPOIIUtants » Persistent organic pollutant

PAHs — PolyAromatic Hydrocarbons « Linked to skin, lung, bladder, liver,

HAP - Hydrocarbures aromatiques polycycliques and stomach cancers

 Cardiovascular disease

« Developmental impacts

Benzo[K]fluomthen Chrysene Dibenzo[ghi ber\d Naphthalen

DQQ.C O * G:@ &

Dibenzofa, hjanthracene Phenanthre Indenof1,2,3-cd]pyren

EPFL .
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Polar micropollutants



Polar micropollutants

PPCP - Pharmaceutical and Personal Care Products

Os_ _CH,
HsC CH,
Musk ketone
0O,N NO,
H,C CH§H3

N

Cl

OH
QOQ Triclosan
Cl Cl

NH NH

)J\H )I\NHZ Metformin

)

= ,OH . .
0 Ethinylestradiol

OF

SOURCE
Haospital use

At home use

- - T
FATE .- [
-
Sewage system Incineration

EFFECTS

Effectis on
aquatic organisms

r
|

Effects on
terrestrial organisms

— — =) Minor —» Major

40



Polar micropollutants

PPCP - Pharmaceutical and Personal Care Products

Carbamazépine vatris
L.P. 400 mg

“““““

A0 o scablan 4 bbb rtios grofongss

z

o~
2%

Carbamazepine an antiepileptic and a mood stabilizer, is
often detected in the environment primarily through its

metabolite, carbamazepine-10,11-epoxide

Vo ey N CO0M oM COOH 1o
i F ™ ( \[-/ i, .-d""\'\.-]/\ I:, P W
™ = "OH ~ e, R N
l
||

{a) Ozonation

J

() Activated sludge process

(b) UV/H:O: () Fungal degradation
l. N N _ | o o g
| s | L ) ]
T
(d) UW photolysis (&) Human hver
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Polar micropollutants

Agrochemical substances

Glyphosate (herbicide)
T w7
HO/F\/N\)kOH
HO
cPrL
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Polar micropollutants

Agrochemical substances

AMPA

Glyphosate (herbicide)
T w7
HO/F\/N\)kOH
HO
cPrL

Metabolized by
microorganisms and certain
resistant plants

Aminomethylphosphonic
acid

0
’I:I
HN<_-P~oH
i
OH

* Pro-inflammatory
cytokines TNF and IL-1

Unaltered viability

and energy
metabolism

Leblanc et al. 2024 https://doi.org/10.1016/j.envres.2024.118831

Unaltered
phagocytosis

Glyphosate

J\/H
HO

N P—
~N OH
N\

Neutrophil

0
[

Increased
production of
reactive oxygen

species

OH Metabolized by

microorganisms and certain

resistant plants

Methylphosphonic
acid

0
Il
il P~ oH

HO~~ '\
CHs

peptide

‘ + Bacterium-derived fMLF

Sex-specific
modulation of
CXCLS/IL-8

MPA
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Pol . llutant Chlorothalonil was registered by the Federal Office for
olar micropoliutants Agriculture (FOAG) in the 1970s. It was used on cereals,

vegetables, potatoes, vines and ornamental plants to combat
diseases such as mildew

Agrochemical substances

N Chlorothalonil (fongicide
cZ
probable carcinogen
Cl Il
cl, cl
/ F “ \
<l
Chlorothalonil e
o - Improbable dans .
Acides sulfoniques Feau potable Phénols
L) o *‘N\én HN o
i et ‘ :
o N O E o a, o
| ; ° s /\fv\ll
& i =z g & I <l & I o
SYN548581 R417888 R611968 SYN507900
Concentrations maximales: Concentrations maximales: Concentrations maximales: , Concentrations maximales
~0,1-0,2 pg/l rd ~1-2 g/l <0,1pg/l \ ~0,1-0,2 pg/l
L u,uVuJ HN o
Chlorothalonil R471811 Céréales a A :\5(‘-' 5 W a "
[  <001pgh ou<la 1% )@ L : \ i I
0.01-0.1 pg [ 1-5% .//_ I _" Y 1 a
[ ] > 0.1 pgh 5-10% - 1
pas de données | 10-20% R419492 R471811 SYN548580
i > 20% Cam:erlt;a:ifvss:;:lmaies: [unzeniia:u]n:gr;an\mabs Concentrations maximales:
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Emerging micropollutants

perfluorinated
compounds

[

I

polybrominated
diphenyl ethers

human
pharmaceuticals

water

disinfection
byproducts

|

gasoline
additives

Emerging

pollutants

] flame

retardants

]

personal care
products

UV-filters

ANIMALS

MICRO-
ORGANISMS

]

[

manufactured
nanomaterials

J

pharmaceuticals

veterinary

]

T

HUMANS
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Emerging micropollutants Quaternary ammonium compounds (QACs)

QAC Exposure R1
PRODUCTS: From Products to Our Bodies HUMAN EXPOSURE: | cl-

+

| R

RZ

Ingestion, Inhalation,

Dermal Absorption N
R

Cleaners, Disinfectants, Personal Care,
Furniture, Clothing, & more

USED IN: ENVIRONMENT:
Homes, Offices, Schools, Hospitals, Food Wastewater, Biosolids,
Service, etc. Water, Soil, Sediments,

e Food

QAC exposure routes from products and other sources, via pathways indoors and outdoors.

T p



Emerging micropollutants

T

€10, (n=4)

Quaternary ammonium compounds (QACs)

Py ———

Increased Use of Quaternary Ammonium Compounds during the
SARS-CoV-2 Pandemic and Beyond: Consideration of Environmental
Implications

Priya I. Hora, Sarah G. Pati, Patrick J. McNamara, and William A. Arnold*

Cite This: Environ. Sci. Technol. Lett. 2020, 7, 622-631 Read Online

ACCESS | [l Metrics & More | Article Recommendations

ABSTRACT: Quaternary ammonium compounds (QACs) are active
ingredients in over 200 disinfectants currently recommended by the U.S.
EPA for use to inactivate the SARS-CoV-2 (COVID-19) virus. The
amounts of these compounds used in household, workplace, and industry
settings has very likely increased, and usage will continue to be elevated
given the scope of the pandemic. QACs have been previously detected in
wastewater, surface waters, and sediments, and effects on antibiotic
resistance have been explored. Thus, it is important to assess potential
environmental and engineering impacts of elevated QAC usage, which may
include disruption of wastewater treatment unit operations, proliferation of
antibiotic resistance, formation of nitrosamine disinfection byproducts, and
impacts on biota in surface waters. The threat caused by COVID-19 is
clear, and a reasonable response is elevated use of QACs to mitigate spread
of infection. Exploration of potential effects, environmental fate, and technologies to minimize environmental releases of QACs,
however, is warranted.

ﬁ/CnHZnH
/ \
H3C CH3 4\\/ \CH3

n=28,10,12, 14,16, 18

ci® N: o
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Emerging micropollutants

Lung absorption

* High bioavailability
* Bypasses hepatic
first-pass metabolism

P

Hepatic metabolism

| « oxidation by CYP enzymes and B-oxidation

QACs in circulation

* Plasma protein-bound

* Brief plasma half-lives
due to partitioning to

tissues: . .
* Heart, lung, Biliary secretion
kidney, and
spleen ]
Intestinal absorption
Systemic Uptake

entry

circulation filtration &
(blood) secretion

= Urine

/ QAC exposure
\ Inhalation
N@

R4

4

Feces

Oral
intake

Oral absorption

* Moderate bioavailability
*  Subject to first-pass metabolism

R, 0
Ry ~R,
Ry ¢
QAC-bile acid complex

* lon pairing may influence QAC
movement across membranes

Active transport

* Organic cation transporters
* P-glycoprotein
* Thiamine transporters

Elimination routes

* Major: Fecal elimination of
parent & metabolite mixture

* Minor: Urinary elimination of
polar metabolites (no parent)

Proposed ADME routes for QACs based on in vitro and in vivo data on some subgroups of QACs in humans

and animals.

T
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Emerging micropollutants
Development of bacterial resistance to QACs and antibiotics
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A constant exposure to 88% of the minimum inhibitory concentration (MIC) of
benzalkonium chloride (BAC) led to an increase of the MIC of P. aeruginosa
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Emerging micropollutants

Per- and polyfluoroalkyl substances (PFAS)

How per- and polyfluorinatedalkyl substances (PFAS) affect human health
PFAS are commonly used, long-lived chemicals; some are known to be toxic

——High certainty

Developmental

effects affecting
the unborn child
-Delayed mammary
gland development

-Reduced response
to vaccines

-Lower birth
weight

-Obesity

-Early puberty
onset

-Low sperm count
and mobility

T

Breast cancer --------eeoen

- Lower certainty

—— Thyroid disease —{:}J

Increased

Liver damage

" Inflammatory -
bowel disease

Testicular cancer

-Increased
miscarriage risk

-Increased time
to pregnancy

-Pregnancy induced
hypertension/
pre-eclampsia

cholesterol levels

e
Kidney cancer ——' w ’
/

,.9

\
A\

Source: European Environment Agency (CBC)

PFAS

PFOS (Perfluorooctanesulfonic acid)
RFRFR FR F 5
F. V4

/
FréFeredvd o

PFOA (Perfluorooctanoic acid)

FFRFRF O
F OH
FFFEFF FFEF

/ 2%
a
O PFAS Y& 3



Emerging micropollutants

Per- and polyfluoroalkyl substances (PFAS)

EEREEEEIBNEEEY perfluoro, Perfluorinated
(ST R dfelleleel I LV PFC’s = Perfluorocarbons (C,Fyn,2)

Hekster and Voogt, 2002;
Hekster et al., 2003 Perfluoroalkylated Substances

FF O R FRF

F.
oo ta 3
FFFF FFFFO
Perfluorobutanoic acid (PFBA) Perfluorobutane sulfonic acid (PFBS)

RFRFRF O FFFFFO\\S,,\O
OH

n=982 OECD 2007 Lists of PFOS, PFAS, PFOA, PFCA Related Compounds and Chemicals that Degrade to PFCAs ¥fluorononancancicacid (PFNA) - Perfluorooctane sulfonic acid (PFOS)

Buck, 2011
n=4730 OECD 2018 PFAS: -C,F,,- where n > 3 and (-C,F,,0CF;,-, nand m>1)
’
ITRC 2018 PFAS: C.F,,..-R where n > 2
WERE XN ECHA, 2020 PFAS: all substances with -CF; or -CF,-

Integr Envir Assess & Manag, Volume: 17, Issue: 5, Pages: 1045-
1055, First published: 14 May 2021, DOI: (10.1002/ieam.4450)

F OH
FFFFFF FFEFFFF
Perfluoroheptanoic acid (PFHpA) Perfluorohexane sulfonic acid (PFHxS)
o FF 9
RFRFRF
OH Fre PR OCh
FFFFFFFF FF
Perfluorooctanoic acid (PFOA) Hexafluoropropylene oxide dimer acid
(HFPO-DA or GenX)
R FRFRFRF RFRFRFRS o
KRR RS
N
_ 4 “OH
YFFFFFFF o FFFFFFFFO
FEFREFEFEF O FFRFRFRS o
F
OH s
F FFFFEFFFF Frererero N

Perfluorodecanoic acid (PFDA) Perfluorooctanesulfonamide (PFOSA)

Fluorocarbons, C-F Substances
Also, A Big Universe of Very Different Substances

6:2 Fluorotelomer

SOLID LiQuiD Alcohol

Polytetrafluoroethylene HFC-134a
PTFE, F(CF,CF,)F CeF 15CH,CH,0H CF4CH,F

A Fluoropolymer A Refrigerant

T

We should not group these together, because they are not the same.
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Emerging micropollutants

Valsartan Sandoz’ 80 £

o
International Agency \ / N-nit .
Research on Cancer N_N -nitrosamines
(@) World Health / Highly mutagenic
X% Organization

NS R2 Probably carcinogenic to humans

N (o]
N
nivosepyrrolidine
(NFYR)
L ) [l
0\\ o. (NDPhA)
i ~
I l N-nitrosadi-n-propylamine N-nitrasadi-n-butylaming 53
(NDPA) (NDBA)



Emerging micropollutants

N-nitrosamines in municipal wastewater

120
Primary effluent
100 4 ====smmmmmemmomoonnnootocoeo—-—~| [1Secondary effluent f--=-======<f-==-=---=
_ W Sandfilter
Os <
N g
| —
=4
=
/N\ %
Osp
-
N £
[ ] :
[=]
=
O =

N-nitrosamines in industrial wastewater

+ +

H
“ NO,” === HNO, NO* + H,0
L2 e 2N
Zuuch
l i . _N_ NO*
e ° 7 Bem i (
77 " E 0
Lausanne Z S /N\
e ST Ri” LR
9
y geneve [ ® % \\N )/(
, { 7, | "

Log [conc.] (ug/L)

o

14, ]

"|WHO guideline for NDMA (__|_) l I ]
"

NDMA

NDEA NDBA NMOR

Breider al. Water Res. 2023
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Emerging micropollutants

Plastic Pollution

Macro/meso-plastics >5mm
Microplastics <Smm — 1pm
Nanoplastics <1um — 1nm

Primary Microplastics
Primary microplastics are small pieces
of plastic that are purposefully made.

Secondary microplastics

Secondary plastics are small pieces of
plastic derived from the decomposition
of large pieces of plastic debris, both
in water and on land.

T
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Emerging micropollutants

Plastic Pollution

Different shapes, sizes, polymers (also copolymers), colors, additives, texture density...

HoH

—C C s
CH-CH;

H H n

F'o!:.rethylene Polypropylene
’ F F FI{
+C C—F FC-01
\F F/ H
Pcly‘tetrafluomethylene Polyacetal I —| '_~'| s
CH4 T = .
A J)_|_<\_f>_o_§\ ->_5_‘\\ g Poly(ether ether ketone)
Polysulfone

w@ Lo}

Polycarbonate

H H O 0
| L ||l
N—(CH, )g—N—C—(CH,),—C

Nylon 6/6

Alexcinder Kunz (Microplastic Research in Taiwan.

m
o
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Emerging micropollutants
Plastic additives

Intentional additives

Added during manufacturing processes:
~10,550 chemicals possibly used.
(4,300 just for packaging)

Family: plasticizers, solvents, antioxidants, biocides, dyes, flame
retardants, light stabilizers, fragrances, etc.

Provide additional properties to polymers (shape, longevity, color,

g!l!ﬂ[gnw noiogy =[clolsle

T

Deep Dive into Plastic Monomers, Additives, and Processing Aids
Helene Wiesinger,* Zhanyun Wang,* and Stefanie Hellweg

I: I Read Online

|sil  Metrics & More I Article Recommendations I

Cite This: Environ. Sci. Technol. 2021, 55, 9339-9351

ACCESS|I

ABSTRACT: A variety of chemical substances used in plastic e ey ——
production may be released throughout the entire life cycle of the P 00 stibe
. - I 22d In plastie

plastic, posing risks to human health, the environment, and

recycling systems. Only a limited number of these substances have

been widely studied. We systematically investigate plastic

monomers, additives, and processing aids on the global market

based on a review of 63 industrial, scientific, and regulatory data

sources. In total, we identify more than 10'000 relevant substances

and categorize them based on substance types, use patterns, and

hazard classifications wherever possible. Over 2400 substances are “+ Goncentrations.

identified as substances of potential concern as they meet one or Literature . Regulafory 8
Lo N review research gaps

more of the persistence, bioaccumulation, and toxicity criteria in

the European Union. Many of these substances are hardly studied

according to SciFinder (266 substances), are not adequately regulated in many parls of the world (1327 substances), or are even

avproved for use in food-contact plastics in some iurisdictions (901 substane: ial information aans existin the public

o Supporting Information

Data compilation !

and analysis

o rogistered in

o = Kngwn inventories _
y

f
'
1 no ' missing
' azard hazard hazard dala
'
1
!

>2 400 substances 9 . pgjtion
of concern R

gloss).

Little or no toxicological data and little regulation.

2 7 - . t avoids the
Contents lists available at ScienceDirect f

eyl ibility.

Environment

Science of the Total Environment

journal homepage: www.elsevier.com/locate/scitotenv

Unintentional contaminants

Review
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Degradation products or by-products during
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their hazards
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Emerging micropollutants

Plastic additives Phthalate esters (PAEs) are a group of chemicals used to improve the flexibility and
durability of plastics.

Haihe River (China) ={" T | 2
1] 8 e DEHP, DBP, and DIBP were the
5 o | ey dominant species in surface
sediment and pore water.
OR 2
OR' 3 : B 5 . .
el MO P s , : | Notable differences in PAEs
0 B Bt s ; ’ g : .
concentrations were observed
/ Erdaozha Dam between urban reaches and
PAEs #DMP «DEP «DBP «BBP « DEHP «DnOP «DIBP « BMPP «DEEP *DBEP «DNP i ] . *: - non-urban reaCheS
3 Sediment particle \}
e Partitioning of PAEs between
iR i | W , surface sediment and pore water
A /I\ was not significantly affected by
I Pore water oW
1 3 4 5 6 7 8 9 10 {
logKow /

mrpre i
- P._ |_ Lui et al. (2020) N



Emerging micropollutants

Rubber materials & Tire Particles

Tire and Road Wear Particles (TRWP) ©\/¢/ WL e
o 5

- PAHs, heavy metals, antioxidants

C 201
H 6PPD
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(0]
6PPD-quinone

T

oo O

6PPD

6PPD quinone

thally toxic?

1000 mg/L TWP leachate

Seattle Seatte  Los Se;,lltﬂe San
Site 1 Site2  Angeles, Francisco

L

T T
Roadway Runoff  Receiving Water

Each passenger car B

4 tires: ~36 kg tire rubber
140 - 700 g 6PPD

1.4 - 500+ g 6PPD-quinone

Each heavy truck
18 tires: ~900 kg tire rubber
3600 - 18000 g 6PPD
36 — 10,000+ g 6PPD-quinone

1 Predicted
(C) | Observed
o Multilane

roadway runoff

— 0.8-19 pglL

= Receiving waters
) = during storms
N <0.2-3.5 pg/L

Pt 50% LCs,
D<= s% 0.8-1.5 pgl/L
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Emerging micropollutants

Rubber materials & Tire Particles
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International treaties and conventions

Stockholm Convention on Persistent Organic Pollutants STOCKHOLM
CONVENTION

Adopted on 22.05.2001, entered into force in May 2004, ratified by 150 countries in February 2008

Persistent organic pollutants (POPs) are organic compounds that are toxic and are not readily degradable.

The initial 12 POPs of the Stockholm Convention

Initially, twelve POPs were recognized as causing adverse effects on humans and the ecosystem.

Industrial By-

Chemical Pesticides p
chemicals |products

Aldrin
Chlordane
DDT +
Dieldrin
Endrin
Heptachlor
Mirex +
Toxaphene
Hexachlorobenzene

Polychlorinated Biphenyls + +
(PCBs)

Chlorinated Dioxins

+
I Chlorinated Furans +
62
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International treaties and conventions

Stockholm Convention on Persistent Organic Pollutants STOCKHOLM
CONVENTION

Adopted on 22.05.2001, entered into force in May 2004, ratified by 150 countries in February 2008

Persistent organic pollutants (POPs) are organic compounds that are toxic and are not readily degradable.

Bans and restrictions on the manufacture and use of The unintentional production of the following
the following commercial products substances, which for example may occur and
Annex A: Elimination Annex B: Restriction be released in the course of incineration

processes, should be minimised or eliminated
Aldrin « DDT wherever possible:
Alpha-hexachlorocyclohexane » Perfluorooctane sulfonic -Hexachlorobenzgne
-Beta-hexachlorocyclohexane acid (PFOS), its saltsand ~ ~exachlorobutadiene
*Chlordane rfluorooctane sulfonyl Pentachlorobenzene

be y *Polychlorinated biphenyls (PCBs)

Chlordecone fluoride g

*Polychlorinated dibenzo-p-dioxins (PCDDs) and
polychlorinated dibenzofurans (PCDFs)
*Polychlorinated naphthalenes

Pl o
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International treaties and conventions (

Stockholm Convention on Persistent Organic Pollutants STOCKHOLM
CONVENTION

Adopted on 22.05.2001, entered into force in May 2004, ratified by 150 countries in February 2008

Persistent organic pollutants (POPs) are organic compounds that are toxic and are not readily degradable.

The new POPs of the Stockholm Convention
a-hexachlorocyclohexane, b-hexachlorocyclohexane, chlordecone, dicofol, lindane, PFOA, PFOS, polychlorinated

naphthalenes, short-chain chlorinated parafins (SCCPs)...
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CONVENTION &
ON MERCURY i

Minamata disease was first discovered in the city of Minamata,
(Japan) in 1956, hence its name. It was caused by the release
of methylmercury in the industrial wastewater from a chemical
factory owned by the Chisso Corporation, which continued from
1932 to 1968.

i " o

= P =L https:/inews.un.orglen/story/2021/10/1103842
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/

= P L ntips:

ON MERCURY

Operational provisions describing the obligations for Parties to reduce
anthropogenic emissions and releases of mercury and mercury compounds to
the environment, with controls on all their lifecycle stages:

- Controls on mercury supply sources and trade (Article 3)

Phase-out and phase-down of mercury use in products and processes (Articles
4,5 and 6, Annexes A and B)

- Controls on artisanal and small scale gold mining where mercury is used
(Article 7, Annex C)

- Controls on air emissions and releases to land and water (Articles 8 and 9,
Annex D)

- Storage, waste and contaminated sites (Articles 10, 11 and 12)

/Inews.un.org/en/story/2021/10/1103842
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International treaties and conventions

UN Global Plastics Treaty
End Plastic Pollution: Looking forward o,

UNEA-5.2
INC-1
28 Feb - 2 Mar | Nairobi, Kenya
Adoption resolution 5/14 End 28 Nov -2 Dec | Punta B INC-4 INC-5
Plastic Pollution: Towards an del Este, Uruguay INC-3 !
International Legally Binding Preceeded by a multi- 13 -19 Nov | 21-29 April | 25 Nov - 1Dec |
IFSEFUREAE stakeholder forum Nairobi, Kenya Ottawa,Canada Busan, Republic of Korea

UNEA-6 Diplomatic Conference

26 Feb - 1 Mar | Nairabi, Kenya of Plenipotentiaries
Report progress of the INC

INC-2

29 May - 2 June |
Paris, France

OEWG

30 May-1)un |
Dakar, Senegal

Mid 2025 | For the purpose of
adoption and opening for signature
the new instrument

UNEA-5 resolution sets the ambition of
completing the INC wark by the end of 2024
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International treaties and conventions
UN Global Plastics Treaty

Some key points the treaty may include are:
+ Determining where the life cycle of plastic production begins, and potentially capping primary plastic polymer production.

* The "Zero Draft" of the plastics treaty aims to promote better the sustainable production of plastics for packaging through product design
and environmentally sound waste management

* The treaty may aim to advance national and international cooperative plastic reduction measures aimed at pollution in marine
environments.

*Specifying national reporting to the INC, when appropriate, and assessing the progress and effectiveness of the agreement.

«Initiating a multi-stakeholder action agenda, including the private sector, to promote cooperation at the local, national, regional and global
levels.

*The treaty may aim to specify arrangements for capacity-building and technical assistance, mutually agreed technology transfer terms and
financial assistance.

These are key points that may not be in the finalized treaty, however, are areas of interest in the negotiation process.
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