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Introduction to POPs

%  POPs - general definition,;
%  Understanding of POPs;
%  Properties, problems, “Dirty Dozen”, new POPs;
%, Source of POPs;
% Toxicology and ecotoxicology of POPs;
%  POPs aspects of transboundary impact;
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Introduction to POPs

POPs - general definition;
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Environmental pollution
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Toxicological relevant chemicals

Personnal care Food packages

combustion processes  products (PCP)

Pesticides
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pep el

SHAMPOO

Average number of chemicals: 15

SUNSCREENS

EYE SHADOW
Chemicals: 26
Reprodukeéni Stredni
vék
LIPSTICK
BLUSH — Chemicals:33
Chemicals:
16
. BODY LOTION
Expozice \ @, Chemicals:32
FAKE TAN
Chemicals: 22 DEODORANT

Whole life exposure

"'/ Chemicals: 15

Environmental occurrence= potenctial possibility of transfer to human organisms
We have to determine the level of exposure in all age categories including prenatal petiod
Health effects may be delayed until later in life




Nowdays environmental chemicals

Human care products

Industrial chemicals

(cosmetics, perfumes (~300),
chemicals for hair bleaching
and permanents, UV-filters)

(~ 80 000 registered by EPA,

~ 4 000 neurotoxins)
(n=2??)

Pharmaceuticals

antibiotics, betablockets,
anti-epileptics, analgetics)

~ 50 000 producs,

~ 2 900 effective
substances

Metabolites

Tensides, detergents

(~ 800 substances)

Pesticides

(herbicides,
insecticides,fungicides. ..)

~ 1 004 effective substances
registered)
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What are we talking about ?

%  Unintentional releases

%  Releases to air, water, soil, waste, products

Of the 5.7 million tons of pollutants released, main part of them were
of chemicals considered persistent, bioaccumulative or toxic

970 000 tons were known ot suspected carcinogens and

857 000 tons were of chemicals that are considered reproductive or
developmental toxicants.

(UNEP Chemicals, 2012)

AR\
UN'DO UNITED NATIONS dnta
w INDUSTRIAL DEVELOPMENT ORGANIZATION ,

N



Risk of POPs

Persistent Organic Pollutants ¢
Cl Cl
. mﬁm
& Persistent cl
Cl Cl
& Bio-accumulative cl :@[m
Cl
. Br Br
& Potential of long-range transport /@o
Br Br Br
& Pose a risk of causing adverse effects to .

human health and the envitonment
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Persistent Organic Pollutants

Br Br
. H 0 Br
Main groups: N P
Br H

%  Technical chemicals
% Pesticides OO
% Industrial by-products C;O;:@:c

% Wastes
%  Obsolete POPs

%  Contaminated sites
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IP and UP POPs (010

CCly

% Intentionally produced (IP): Chlotinated pesticides, transformer/capacitor oils
(PCB), polybrominated flame retardants, ... Qﬁj{

% Unintentionally produced (UP): Dioxins/furans (byproducts in thermal processes)

Elimination of wastes (IP) - destruction
(conservation)

Elimination of stockpiles (IP) -
destruction (conservation)

Elimination of byproducts (UP) - prevention
and destruction

Decontamination (IP + UP) - remediation of soils, sludges,
water, sediments, ...
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Introduction to POPs

POPy - yenerl cdefir

et et et vt ittt et ——

Underst;nding of POPs;
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What I mean by understanding °?

% Understanding — physical-chemical properties — which one,
sources, fate, effects

% Properties — POPs definition — persistence, hydrophobicity,
lipophility, abiotic cummulation/bioaccumulation, long range
transport

%  Fate — transport, transformations, distribution, equilibria —
understandig of environmental behaviour

Effects — broad range, single compounds, toxic mixtures
Determination/monitoring — phase disttibution, propetties

Technologies — disposal, destruction, remediation

H
|
Decision making process ¢ O T O ”

CCl,
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Environmental

: Health impacts
impacts

Socio
economical
impacts

Production,
application,
disposal

Environmental
Policy and
Management

International
impacts
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Introduction to POPs

POPsy - vene
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Properties, problems, “D1rty Dozen”, new POPs;
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Environmental
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Historical trends of environmental levels of PCDDs/Fs

40 , . — , .
. . . ‘ . . . ' ' H
. . . ' . . . H H H

o7 - I Eoerisess - SR S— - , ....... , ....... , ....... , ....... . ....... Josais
30 .......é.....-.::.....-.?.......E'........;..-.....;..-.....;.......é........:’ .......  Jtpvee '..-....E' ........

25

Total PCDD and PCDF flux
pg cm? year!

’ . ' . ' ‘ . . . i . .
. . . . . . . . . » . v
. . . . ' . . . . i . .
‘ . . v . . . . " . . '
seeacssadessscasdesnacandecaccesd e {eses o emdeanses . o na ceenvmnaa lessmnnsa
4 R fevmennn fremcaad - - e e R X
. ' ' . . . bt . . . ' .
‘ . . ' . v . . . . v .
. . . ' . . . . . . . .
. ' . ' . ' . ' . . . .
. . . . . . v . . ' .
. . . . . . - . . «
. . . . . v . . . " ‘. "
’ . , . . . i} . . i . .
’ . . " . . v . v . . .
M . ' . . . ‘ . . . . "
B e e L T T T L T e B i s A Y
. . . . ’ . ‘ . " . . ‘.
. . ' . . . . . . . N .
. i N . v . . ' . . " .
N i ‘ . v . . . . . ' .
. . . . . . . ' . . . .
. . v ' ' . .

’ ' . . . . . . . il ' .
. . . . ' ' v . . I} . .
» . ' . . . ‘ . N . .
. . . . . ' . " ' . "
4 fewesncnndicccccadeccnneflinana . .aadt ¢ ! 3 Yo
4 caee fow - ce e levecscnnd O e e smsmnn O

' v . v . . . . " . ' .
H . Il . . . . . . . ' .
. . ’ . " . . v . . . '
. . . . » . . . . . " .
. " . . ' v . ‘ . . . ©
"

0 . H . . . ’ ' . .
1920 1930 1940 1950 1960 - 1970 1980

Average year of deposition
H5ARN
UNIDd UNITED NATIONS dnta 8

‘ TION
wf INDUSTRIAL DEVELOPMENT ORGANIZA
~ N




Changes in the temporal trends

Typical POPs time trend Typical POPs air and soil residues

Concentration in Air
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Exchange processes — air — soil - trends

In 1960: In 1995:
4
Wet and Dry - Wet and Dry
Particle Deposition ? Gas Particle Deposition ,‘ Gas
Exchange Exchange
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Wotldwide PeBDE production and levels of PBDEs in
Atctic organisms

Worldwide penta-BDE production,
tonnes/year
10000 - PBDE concentration, ng/g lipid weight
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Changes in time trends
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PBDEs: Anna Palm (Pers. Comm.) PCBs: Breivik et al (2002)
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Environmental fate of chemicals
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Exposure

Pollutants
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Exposure of human population

R\
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Possible pathways

Ingestion: Of contaminated soil/dust
of contaminated food
of contaminated water  (3)

Inhalation: of contaminated soil particles/dust/vapours @

Direct contact: with contaminated soil/dust or water (5)

Water table
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Environmental persistence

The ability to resist degradation in various media, e.g. air, soil, water,
sediment, measured as half-life of the substance in the medium.

Persistence reflects the ability of the substance to resist physical,
chemical or biological degradation.
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Environmental persistence

Persistence is desctibed by half-live (t, ,), when the concentration of
compound decreases on the half of original amount in given
environmental compartments — after 5 cycles the level decreased

on 3 %

Watets - t; ,, = 6 days — during 1 months; if t, , = 70 days, removal during ca 1 year

Disappearance of Chemical from
the Environment

% of Chemical
Remaining

1 2 3 4 5 )

Number of Half-lives Bapsed
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Biaccumulation — basic definitions

The process by which the chemical concentration in an (aquatic)
organism achieves a level that exceeds that in the water (soil), as a
result of chemical uptake through all possible routes of chemical
exposure (dietary absorption, transport across the respiratory
surface, dermal absorption, inhalation).

Bioaccumulation takes place under field conditions.

It is a combination of chemical bioconcentration and biomagnification.
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Biaccumulation

Figure 7-1

Increase in metal
concentration with
time to reach the
steady-state value, Cg,.
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Bioaccumulation

Threshold for toxic effects
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FIGURE 5-5
Effect of dose fractionalization on accumulation of a toxic compound.
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Photochemical transformation processes

R solar
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Figure 2.2.1 Chemistry and photochemistry
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Biodegradation

Q c o]
Cl Cl Cl 5 S
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Figure 5.2.2 Reductive (anaerobic) reactions of xenobiotics
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Introduction to POPs

®  POPs - generl definition,

%  Undersmading of POPy

% Properiies, proplems, “Dircy Dozen”, ne
%, Source of POPs;

% Todeology and ecoioxicology of POPs;
% POPsagpects of trunspounchiey icnpuct
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Production,
application,
disposal

THE GRASSHOPPER EFFECT
AND OUT-OF-CANAD
SOURCES

and Industrial Contami
Agricultural
= Industrial

Dominant Air
Currents

Atlantic

Water Circulation
== River discharge
ﬂi“ Alpha-HCH
= seawal

Concentrations of one HCH
compound have been found
to increase from south-to-
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The main sources of persistent organic pollutants

(a) Combustion processes;
(b) Industrial processes;

(o Diffusing sources (mobile sources, open burning etc) ”
(d) Secondary sources (volatilisation from landfills etc.); and
(e) Accidental sources (industrial accident, transport accident etc.).

() Environmental processes
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Sources of POPs under the SC

% Although most information is available for dioxins and furans, it is
assumed that the major soutces of PCDD/PCDF ate also soutces
of PCB and HCB.

% The Convention specifies four source categories, which should be
addressed with priority:

% waste incinerators, including co-incineration of municipal,
hazardous, medical wastes, and sewage sludge;

» cement kilns firing hazardous wastes;

» production of pulp using elemental chlorine or chemicals

generating elemental chlorine for bleaching;

» thermal processes in the metallurgical industry (secondary

coppet, sinter plants in the iron and steel industry, secondary
aluminum, and secondary zinc).

4

L)

)

4
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>

D)

D)

9’/@\\1
UNITED NATIONS
g\@/Nlog INDUSTRIAL DEVELOPMENT ORGANIZATION dnta 37
Stz

=



Sources of POPs under the SC

An additional list of 13 other sources contains 11 more combustion
sources, which also can release POPs byproducts; e.g.

open burning,

residential combustion soutces,

fossil-fuel utility boilers,

crematoria,

cable smouldering, e#.

but also textile and leather dyeing (with chloranil)
and finishing (with alkaline extraction).

& & & & & & &
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Contaminated sites

Routes of POPs contamination

Industrial Pollution

Transportation (m\

Domestic
Sources

Wastewatet
Treatment Plant

Landfill & non-recycled
waste

Groundwater



PCDDs/Fs sources

a) Production processes involving chlorine (production, use and
disposal):

Chlorination of phenols

2,4,5-trichlorophenol

Pentachlorophenol

Friedel-Crafts synthesis with aluminium or ferrous chloride
Pesticides especially those based on chlorophenoxyacetic acid
PCBs

Chlorine with graphite anodes

Chloroamine

Metal chlorides

Pulp chlorobleaching

Water disinfection

Use of coagulants with a chloride base

EEEEEEECEEEEE
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PCDDs/Fs sources
(b) Thermal processes:

%  Incineration of:
- municipal wastes
- industrial wastes
- hazardous wastes
- hospital wastes

Y% Metallurgical processes:
- production of iron and steel
- production of copper
- production of aluminium
- production of nickel
- production of magnesium
- metal reclamation especially of copper or aluminium
- use of old iron in steel production
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PCDDs/Fs sources

(c) Other processes:

* Motor vehicles using unleaded petrol
* Domestic heating systems

* Production of heat and electricity

* Domestic waste burning

* Uncontrolled fires in landfills

* Building fires (dwellings and factories)
* Dry cleaning

(d) Diffusive sources:

* Use of sewage sludges in agriculture
* Volatilisation from landfills (flared and unflared)
* Use of products with content of PCDDs/Fs or their precursors

* Use of pesticides based on chlorophenoxyacetic acid with
impurities of PCDDs/Fs
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PCDDs/Fs formation

AN

2000
Q
1. PCDD/PCDF in waste

stream and poor
destruction efficiency

4. Catalytic formation of PCDD/PCDF
from precursors at 300°C on fly ash

2. PCDD/PCDF formed as
combustion intermediate
from gas precursors
within the flame zone

3. PCDD/PCDF formed on partially burned
particles of waste that escape due to
overcharging or short residence time
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Closed Applications

Dielectric Fluids

- Transformers

- Capacitors

- Microwave ovens

- Air conditioners

- Electric motors
Electrical Light Ballasts
Electromagnets

Partially Closed Applicati

Hydraulic Fluids
Heat Transfer Fluids
Switches

Voltage Regulators
Circuit Breakers
Vacuum Pumps
Electrical Cables

n

: mum :

SO

Sources of PCBs

Temporary Storage Facilities
High Temperature Incineration
Underground Storage Facilities
Chemical Decontamination

A 4

Interim Storage/Permanent Disposa

Open Applications

Inks

Lubricants

Waxes

Flame Retardant
Adhesives

Surface Coatings
Insulating Materials
Pesticides

Dyes

Paints

Asphalt
Condensate from Pipelines
Plasticisers

N
%
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Carbonless Copy Paper
Plastics

Recycled Materials
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Hydrogenation
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| Fluff
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<— - Spills
[ Decommissioned Equipment > Landfills
| Building Demolition
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| -
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OCPs sources

Production

Use as a pesticide

Environmental contamination

Disposal of wastes and materials containing DDT
Volatilisation from landfills (flared and unflared)
Use in livestock treatment

Use in wood and seed applications

Use as intermediate

EEEEEEEE
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PAHSs sources

(a) production
(b) use as intermediates
(© production of carbon black
(d) combustion of fossil fuels
* production of heat and electricity
* motor vehicles
(e) production and use of coke
(f) production and use of asphalt
(f) production and use of coal tars
(g) catalytic cracking
(h) heat coal conversion processes
(1) waste watets
() food technologies
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PAHSs sources

(k) production of aluminium

() production of iron and steel

(m) volatilisation from landfills (flared and unflared)

(n) combustion of various types of wastes

(o) cement production in both dry and wet process kilns
(p) petroleum refineries

(t) ctematotria

(s) forest and prairie fires

(t) volcanic eruptions

(w) smoking
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Brominated Flame Retardants (BFRs)

% PBDEs: added into plastics or as impregnation of fabrics,
technical mixtures of various bromination degree

%  wvastly used in North America and Asia

% their use was banned, however EU regulation ALLOWS use of
recycled plastics containing PBDEs (Directive 2002/95/EC,
ammended)

%  HBCDDs: additives in polystyrene foams (EPS, XPS), extensive
use in Europe

% moreisomers, &, B, ¥, O, &, used again as technical mixture,
where ¥ -HBCDD prevails
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Mechanism of flame retardancy

Heat (increasion of tempateture) = destruction of FRs (eatly
than destruction of polymer matrice) = input of products
protected/retard the fire

Ideal situation: retardant is destroyed round temperature round 50 °C

RN
UNID

than polymer — brominated flame retardants (BFRs) in
combination with many polymers cover this consideration

2 types of FRs
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How does BFRs work?

They are thermally labile
Break down with heat — give off HBr (g)
HBr ‘quenches’ flame

Increases ‘flash-over’ time - More time to escape
BFRs save lives, but are toxic and persistent!

Non—ﬂame retarded

& &6
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Aditive flame retardants

O
PBDES >
(DeBDE - 75 %) Br Br

Commercial technical mixtures conteins PBDEs: BROMKAL 70,
DE - 71, FR 1205....)

NECD [9
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Reactive flame retardants

Br Br
CH3

reeen B ¢ )¢
CH3

Main use of tetrabromobisphenol (TBBPA):
Y Epoxy resins

%  Phenol resins

faps lek
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Special care needed for industrial chemicals like PFOS

because: Used in numerous processes and parts

Upstream

End products
Chemical _—

producers

Downstream

AR\
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Special care needed for industrial chemicals like PFOS because:
Long supply-chain, involve many producers/ users

N

surface treatment

anti-reflective
coatmg

dispersion

etchmg

urface treatment
Photo resist ]\{ ‘

De-smeanng

sermconductor \v

(p;ljor/nasks

HDD

IR | o
1 NlD UNITED NAT
wp INDUSTRIAL DEVELOPMENT ORGANIZATiun

other use

l

parts, modules

..may also affect other

industries
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Using of PFOS

PFOS use areas with possible relevance:

EEEFEFEEE

S
S

Fire fighting foams

Chromium plating and other plating industry
Oil extraction

Synthetic carpets (production and use)
Textile industry;

Paper industry

Imported textile and paper

Other specific industrial applications (listing in the POPRC
document)

Pesticides (Sulfluramid); aviation fluids air plains
Detergents and impregnations

Recycling of PFOS containing materials:
Recycling synthetic carpets, PFC paper, PFC textiles?

b AA 1T 3" 4
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{SWF INDUSTRIAL DEVELOPMENT ORGANIZATION “
~ N

55



Emission of PCDDs/Fs and PAHs from uncontrolle
burnings
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Introduction to POPs

PO Py - venerl cdefiniri

(> T o /

Urnclersmncline or PO Py

. et et e —_—

Tomcology and ecotoxn:ology of POPs;

&FE & F F & &
T
—
O
1
(1
I~
o
(1
&
1
I~
O
o
;r
L—

POPy agpects of trangpouncurey icnpscr
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Health impacts

© Cengage Leamning
TR Naturally occurring o |
1 1 = 3. 1
' \Waterand food ' h contaminants Raw materials PO !
' ) < .
\ safety - e.g. arsenic and fluoride in e.g. fossil fuels, raw S Chemical safety '
H ' . chemicals ! '
e ____1 water, natural toxins v ____n
H = R !
H g Manufacture _.-'___!  Occupational,
5 and transport < , transport and H
SNTTTL chemicalsafety |
1 1
Manufactured products :' _____________ H
Human || gomees e.g. industrial and _-7"=--+  Chemicaland 1
exposure agricultural chemicals, S~.i4---1 productsafety |
petroleum products |
' ) i
Use and _-___1  Occupational, 1
disposal  <<_ ___, chemicalfoodand |
S H water safety ,
1 1
[ rTTTT T e T T T 1
' E ~ Combustion products Waste and by-products _a j Waste :
! Transportand e.g. indoor and outdoor air eg e-waste persistent [ <77 777 management, 1
' health, air quality H ” pollutants organic pollutants T chemical, food and !
[ L watersafely |
Legend:
. ~=-1__ Policies and wessmmp ENViIrONMmental Occupational
D Chemicals © Exposure 1 __ programmes mm) Processes > exposure - exposure
{ 4/ Figure 1 Human exposure to chemicals throughout their life-cycle and selected prog | to their p
4 |
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Threshold for toxic effects . /
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o
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One event
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Time
FIGURE 5-5

Effect of dose fractionalization on accumulation of a toxic compound.
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Effects of POPs

The most important effects:

% Induction of AHH receptors

%  Neurotoxicity
% Imunotoxicity

% Endocrinne disruption:

- estrogens/antiestrogens
- antiandrogens
- thyroid hormones
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6NID8 UNITED NATIONS
\I®5/F INDUSTRIAL DEVELOPMENT ORGANIZATION



Biotransformations

Original
lipophilic
xenobiotic

Active

primary
metabolite

4
5
Sites 3
of action A
Excretion
Active
secondary SE
metabolite .:3 ; Conjugates
Sites of S
P R
metabolism —> Metabolites
Primary .
metabolite Excretion
Sites of
primary
metabolism

FIGURE 2.2 Metabolism and toxicity.
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Biotransformations

LIPOPHILIC _» HYDROPHILIC

-

NADPH + H*  NADP*

Naphthalene a-naphthol
+
OH — Glue. OH
— O
Conjugate f-naphthol
HYDROPHILIC EXCRETION

Figure 1. The cytochrome P-450 mixed function oxidase system facilitates excretion of
lipophilic organic substrates in terrestrial and aquatic animals by producing metabolites that
are more water soluble than the parent compound. Common metabolites of naphthalene are
shown (after 2).
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Environmental chemicals exposure

EXPOSURE _ ,

% Only in the case of contact

%  Exposure pathways have a lot natural and active
function barriers

% After transfer to organism some chemicals can

\lg A have negattive effects

Ingestion A

Skin contact—"

EXPOSURE PATHWAYS <

' Inalation
Dermal [ | Oral
exposure nd h\ w ~ €xposure

WHO World Health Organization Outdoor X hﬂ IndOOr

SOIL

Inhalation /
,
Skin contact ‘ ’

Health
Environment Exposure effects on
population

Soutce of

contamination
({//@\\n
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Water pollutant Air pollutant
levels LR levels

Overview of factots,
which can affected
exposure and human

risks

Soil/dust

levels

Food pesticide
levels

Scientific
measurements

\_) and modeling

| &

Lifestyle

Petsonal Predicted level of

habits toxicant in people
Genetic .
predisposition Metabohsrp

Accumulation
N Excretion
ﬁNID3 Lung, intestine, and

\\s.274 skin absotption rates 63
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Assessment of Combined
Exposures to Multiple Chemicals:

Report of a WHONPCS
International Workshop
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Toxic interactions
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Regulatory Toxicology and Pharmacology ==
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WHO/IPCS framework
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Risk assessment of combined exposure to multiple chemicals: A
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World Health Oeganization (WHO) Netersational Progeamme
on Chemsical Salety (PCS) Workshog on Aggregate, Comalative Risk
Assessment { Combined Lxposares 1o Mubiple (hermicals) was held
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objectives of the workshop, which srvolved experts from agencies
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delmeate next steps. The workshop report, which comprises an
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paper describes the framework based o and devebaped by a deal-
ing group subsequent t the WHOJIPCS workshop and references
ansociated case studies, inchided o the end of this paper and else-
where (EFSA, 2008), developed 10 test and refiee the framework
The draf framework was revised based om feedback recewed dur
g & public comment periad fom Miy te Ocsber 2009 and 2
W review meeting (soe Acknowledgments

The fearsowoek is desigeed 10 4id fik asnon i identifyieg
priorities for risk maragement for 3 wide range of apphcations
where coexpoumrs 15 maltiphe chemcaly are expeoied. Apphcs
thow of the framework &5 tot confised o any parskul type of
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Endocrine Disruptors (EDs)

= exogenous substance or mixture that alters function(s) of the
endocrine system and consequently causes adverse health effects in an
intact organism, or its progeny, or (sub) populations (IPCS, 2002)
& avariety of chemical classes - natural and synthetic hormones, pesticides,

compounds used in the plastics industry and in consumer products, and other
industrial by-products and pollutants

Y often widely dispersed in the environment

Y some are petsistent, can be transported long distances across national
boundaries, and have been found in virtually all regions of the world (e.g. POPs)

& others are rapidly degraded in the environment or human body or may be
present for only short periods of time but at critical periods of development (e.g.
phthalates)

Y Interfere with teproduction, immune functions, neurobehaviour, development
of cancet, at all levels of biological organization and at key stages of life cycles
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Obesogens

Obesity = a major global health problem

&

Associated with many serious health risks

Fundamental basis = an imbalance of energy intake and
expenditure

% the eatly life experience (= quality of intrauterine life) being the
important risk factor in obesity development.

@

...... the role of 7# utero and early life exposures to synthetic chemicals (e.g
EDs) that may have the capacity to disrupt energy balance, in the
development of obesity and related metabolic diseases

49’/@\\1
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Obesogens

Obesogens = chemical agents with ED properties that inappropriately
regulate and promote lipid accumulation and adipogenesis to favour

weight gain and obesity (Grun and Blumberg, 2007).

%  exposute to dietary and environmental chemicals, may further
exacerbate the effects of imbalances in diet and exercise,
resulting in an increased susceptibility to obesity and obesity-
related disorders.

A first set of candidate obesogens — e.g. persistent organic pollutants
(POPs), perfluoroalkyl compounds, bisphenol A, and phthalates.
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Environmental policy: Limitations of sources and
effects

Starting point:

Prevention and
reduction of
environmental load

@ 1_

Source-directed
measures

Limits
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Risk assessment & management

Hazard index

Exposure assessment Effect assessment

PNEC

: , ..
1Sk characterisation

HI = PEC/PNEC

)
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Risk assessment

European Union
System

for the Evaluation
of Substances

Exposure Effects a0

Atmospheric

Deposition
Vi

L

Laboratory (and field) studies
Untreated discharge< Ecotoxicity tests

1 |

Predicted Exposure
Concentration (PEC)

Predicted No Effect
Concentration (PNEC)
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Environmental

: Health impacts
impacts

Socio
economical
impacts

Production,
application,
disposal

Environmental
Policy and
Management

International
impacts

7R\
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Basic definitions

/ Benefit

Costs “ > Risks

None from this element could not be changed without changes of other

Alternative evaluation have to include relationship between benefit and
risk, which can be done due to some remediation

C/I/@\\Qn
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THE GRASSHOPPER EFFECT
AND OUT-OF-CANAD
SOURCES

and Industrial ContamingnfS
Agricultural

= Industrial

Dominant Air
Currents

Atlantic .

Water Circulation
== River discharge
Hg" Alpha-HCH

Concentrations of one HCH
compound have been found
to increase from south-to-
north along a line from the
Java Sea (off Indonesia and
cmnaLm he Beaufort Sea
(AMAP, 1997),

3000Km

BASE] CONVEMNTION

Long-range Transboundary Air Pollution

International
impacts
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Environmental

: Health impacts
impacts

Socio
economical
impacts

Production,
application,
disposal

Environmental
Policy and
Management

International
impacts
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Summary of chemical problems

i Secondary
PﬂmAar}%;eéeaEes T )| Contamination — A, W,
T ~ SED,S,B
Chemical
wotld POPS Products

Production, Contaminated

i Remediation
sites

EFFECTS, IMPACTS, RISKS
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Introduction to POPs

“Dicey Dozen” neyw POPy;

Toxicolovy arned ecgroxicolovy of PO Psy:
- - o) T - - <) - - 7

&S & & F F &
T
-
<
1
(1
I~
=
(1
C
-
~

POPs aspects of transboundary impact;
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PTS Transport Pathways

% persistence increases the relative importance of transport relative to
transformation in controlling a contaminant's fate

%  distribution characteristics leading to significant presence in different
environmental media (ait, watet, soil)

atmospheric transport (gas phase, particles, cloud water)

< - transport by migratory animals

/
Y

tiverine transport
- (dissolved phase, particles) S

PCCANICHTANSPOLL

: : :
(dissolved phase; particles)

N
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Long-range transport of POPs

RN

PQUATIC
FOGLMED

K -
K, the ainfwa

K, = the water-particulate partitioning coefficient

K_ . - octanol/water
Vr- vapor pressure
degradation coefficient
ter partition coefficient
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Long-range transport of PTS

Because rates of deposition and evaporation are temperature-dependent,
hopping is enhanced by periodic temperature changes

Temperature gradients in space in combination with atmospheric
mixing will favour gradual transfer from warm to cold regions
on both global and regional scales

high latitudes
deposition > evaporation
mid latitudes

seasonal cycling
of deposition and
evaporation

“grass-hopping”

long range
atmospheric
transport long range

oceanic

transpott  Wania
6/@8 M low latitudes
N 4
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Climate change and POPs — Predicting the impacts

inter-hemispheric mixing

7) industrial

) AyWet and dry
deposition
= 3|

urban
areas

areas aKeS greas

; ’é\’obalwind patterns

: < @) -oH
regi I gl e TR G extreme
Wi?:gnal : irradiation b, i
patterns v events :: ::,

‘ pr lmary 5

5 emissions < 13

8 5
e 8

v

mountains
and glaciers

oceans
! latitude
1
. temperature
---------------------- . >
tropical temperate polar
regions regions regions

Conceptual representation of key factors influencing the environmental fate and transport of POPs under a climate change scenario. Numbers in
the Figure correspond to enumerated items in the text, including climate-change-induced modifications in (1) strength of secondary re-
volatilization sources, (2) wind fields and wind speed, (3) precipitation, (4) ocean currents, (5) melting of polar ice caps and mountain glaciets, (6)
frequency of extreme events, (7) degradation and transformation of chemicals, (8) environmental partitioning of chemicals, and (9) biotic
transport of chemicals. Note that the processes depicted for the Northern hemisphere are the same in the Southern hemisphere.
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