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POPs
Organic Pollutants)
wwention 2001

s Polychlorinated dibenzo-p-dioxins (PCDD)
s Polychlorinated dibenzofurans (PCDF)
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1yl fluoride (PFOS)

o tetrabromodiphenyl ether and pentabromodiphenyl ether

o alpha hexachlorocyclohexane, beta hexachlorocyclohexane
and pentachlorobenzene

ane, beta hexachlorocyclohexane,




.~
What makes a POP

oaccumulatio

“
‘énge transport %

o Tody CHEMICALS




jalf-Lives

ent

r 1254 -940 days Hsieh et al. (1994).
ar (Sinkkonen and Passivirta, 2000)



Example of issues

Click on [LINKS] to

1 Persistent chemicals, nm:n-r:

find out more

River pullutiun_.
ROMANIA

|

| Dead zone, US ‘\-[

| Pesticides, AFRICA

]{‘;hamuhyl UKRAINE
Aral Sea
Qil apill Emlrﬂ I CASIA

Bhopal
INDIA

Dioxins, JAPAN

Air pollution,
L'EHII"M

BBC News



Y =
M "": v;::BF.. iﬁ:‘?m



01Nt sources
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Brazil
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Air pollution in

China kills 1.6

million per year

= That’s 4400 a day or
3 per minute

UK 1952 ‘Great
Smog’ killed 4000

Psz(uglmalhr) PM. (g / m® / hr) SO, (ppb /) people in London
>1007000 ill

Air Pollution in China: Mapping of Concentrations and Sources Robert A. Rohde,
Richard A. Muller




Jeath Effects
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Haggstrom, Mikael. "Medical gallery of Mikael Haggstrom 2014".
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s a transport parameter based on rate

ow or diffusion (mol Pa h)

* fis the fugacity (Pa) of the chemical in
question

Macdonald et al, 2002, Wania 1999
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In a system =
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‘ 1 Lake system

Stream Flow

Bioaccumulation

!

Sedimentation



Lake system

3 x10* m> day!
x 104 kg/m™
(3kg day)

Bioaccumulation

6 kg day! unaccounted for
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Atmospheric Transport

- high latitudes lobal distillation
mid-latitudes deposition > evaporation ugvith fractionation

seasonal cycling according to
of deposition : brl ! gb'l't
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National Air Quality Standards

CcO 1 hour 35 ppm Headaches, asphyxiation
Carbon Monoxide 8 hours 9 ppm Decreased exercise tolerance angina pectoris
NO, 1 year 0,53 ppm Aggravation of respiratory disease
Nitrogen Dioxide
SO, 3 hours 0,50 ppm Shortness of breath wheezing odor acid precipitation
Sulphur Dioxide 1 day 0,14 ppm damage to vegetables
1 year 0,03 ppm
O; 1 hour 0,12 ppm Eye irritation interference with breathing damage to
Ozone 8 hours 0.08 ppm materials and plants
Pb 3 months 1.5ug/m>  Blood poisoning infant development

Lead

PM2.5 24 hours 60ug/m®  Lung disease
1 year 15 ug/m?3
PM10 24 hours 150 ug/m?®  Visibility respiratory disease

1 year 50 ug/m3

The six chemicals designated as criteria pollutants by the US Environmental Protection
Agency and the corresponding National Ambient Air Quality Standards.



Diffusion

Shortly after
release

On the right,
On the left, ¢ decreases with x,
¢ increases with x, flux ¢ > 0,

flux ¢ < 0, substance diffuses to the right
substance diffuses to the left 4 ‘




e Drunkards Walk

= There is
randomness to
movement

= For every step
there is a series
of choices



Walk Model

p(nAx, mAt)

oility it stays there and remains

Einstein, A., Investigations on the Theory of Brownian Movement, Dover Publications,
1956, 122 pages



Simple Example

25%

p[Ax,(m + DAt] =1 /2 p(nAx, mAt) + 1/ 4 p[(n — 1)Ax, mAt] +1 /4 p[(n + 1)Ax,
mAt]
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>now/Rain Partitioning

e T e m Different
chemicals disperse
into different
phases

m Rain and Snow
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Phase Distribution in a Cloi atj’ < (3°°C partitioning
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Great Rubber Duck Escape
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Jacro Contaminants

THE FIVE GYRES s

become entangled in

ALTHOUGH NOT WIDELY DISCUSSED THERE ARE IN FACT 5 MAIN tengths of plastc Fiosting plaskic trarports MARME LId
. t, it tl PLASTIC (&)
GYRES IN THE WORLD'S OCEANS AND SEVERAL SMALLER GYRES e e serttcion e otk sliher s
THROUGHOUT ALASKA AND ANTARCTICA. THE MOST COMMONLY floating in the water. have invaded new hatitats e
) DISCUSSED GYRE IS THE NORTH PACIFIC GYRE, KNOWN AS THE Suistnce specitar HITCHHIKERS
GARBAGE PATCH DUE TO THE MASS OF MARINE DEBRIS THAT I\
HAS COLLECTED THERE.
Plastic pellets are
el
Plastic fragments. effect, becoming,
umber 200 There are six poison pills.
plankton 4010 1. #ﬂ’:""""‘
of

"THE NORTH PACIFIC GARBAGE
PATCH IS TWICE THE SIZE OF TEXAS
- APX 10,000,000 50 NAUTICAL

MILES (3,000,000 50 KILOMETRES)
IT IS THE LARGEST GYRE ON EARTH

EVERY OCEAN SAMPLE

Plastic lost at sea is.
an environmental

and potential human
health hazard.

Fish get entangled
ingest plastic

Ocean Pollution

NORTH ATLANTIC GYRE affects at least 267
species worldwide.

NORTH PACIFIC GYRE

'SUNLIGHT AND WAVE ACTION
CAUSE THESE FLOATING PLASTICS

HARD WHITE OR
COLOURLESS SPHERULES

AGYRE

: TO FRAGMENT, BREAKING INTO OR PELLETS HAVE BEEN
A gyre is a place where A LES, BUT NEVER FOUND IN THIS GYRE
COMPLETELY DISAPPEARING. (3-5MM IN DIAMETER].

currents meet and form a
whirl pool type system -
this forms a meeting place
for ocean debris. Millions
of tiny and large pieces of
plastics accumulate here;
due to the currents they
remain trapped here,
breaking down over time

to become smaller and SOUTH PACIFIC GYRE

smaller pieces of plastic SOUTH ATLANTIC GYRE INDIAN OCEAN GYRE are eating
until they eventually Lastic, we are
become plastic dust. Siting 1 ton

This 'dust’ will never go

away but will instead stay z

in the ocean accumulating :m:ﬁp?:mm i phocas of pastic ook
toxins and working its way eight tons of solid waste like jellyfish or squid,
into the food chain as more Lo — :’;;::,’, st ‘while small pieces look
animals digest these enter the food : Lca jish spgx.

invisible and dangerous chain via plastics.

items of plastic waste. ‘s—

owskadesign.com



Ocean Water PFCs

Concentration [pg L]
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Ahrens Et al
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Rivers

M others
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Burdens

Blais et al., 2007; Christensen et al., 2005



Credit River
= Annually 20’000

Chinook salmon B

(Oncorhynchus
tshawytscha) spawn
and die in the Credit
River,

m Passive water
monitoring devices
(SPMDs, (semi-
permeable
membranes devices)

m ~75g of Y PCBs and
25g of DDT to the
river over a few
weeks

O’Toole et al 2005
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PCB Halo
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Arctic Monitoring and Assessment Progra mme
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Resolute Lake Char Lake Amituk Lake



Groundwater




BoNtamination of Groundwater
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Arsenic groundwater

=@ 100 million
people at risk |




Bangladesh at Risk



Figure 1. Position of Upper, Middle,
and Lower Ganga Plains; the area
of arsenic-contaminated ground-
water in Chandighar; affected areas
of Nepal; affected areas of West
Bengal and Bangladesh in the
Lower Ganga Plain; and the study
site, Semria Ojha Patti village and
its surroundings in Bhojpur District
in the Middle Ganga Plain of Bihar.
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Figure 2. Arsenic concentrations in the tube wells
of Semria Ojha Patti village (n = 206} compared
with the arsenic-affectad areas of Weast Bangal
{n=99520) and Bangladesh {n = 29,200).
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Symptoms

Figure 4. Comparative prevalence of dermatologic
involvement manifested by the arsenic-affected
adults (n = 50) and children (n = 10) of Semria Ojha
Patti village. Abbreviations: CC, conjunctival con-
gestion; DKP, diffuse keratosis on palm; DKS, dif-
fuse keratosis on sole; DMP, diffuse melanosis on
palm; DMT, diffuse melanosis on trunk; DOR, dorsal
keratosis; LEL, leuco-melanosis (white spots with
some black), SKP, spotted keratosis on palm; SKS,
spotted keratosis on sole; SMP, spotted melanosis
an palm; SMT, spotted melanosis on trunk; WBM,
whole-body melanosis.

Effects of Arsenic

Figure 3. Subject from Semria Ojha Patti village with
the full panoply of arsenical skin lesions, including
hyperkeratosis, suspected Bowen's disease, and
nonhealing ulcers (suspected cancer).




Jrine Contamination

by Arsenic

4,000
g * #*
e *
=
= 2500 -
5

2,000

1,500
E 1,300
af 500

*
nI:I Foi 1] L] =i 1] 1] 1.3 LI ]

Arsenic concentration in water {jig/L)

Figure 5. Corralation between arsanic concantra-
tions in uring and drinking water. Mean = 73986
pgfL: median = 387 pg/L; minimum = 24 pgfls maxis
mum = 3696 pg/l; =443+ (19 = X); R=0.774;
fn=51.
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Figure B. Correlation batween arsenic concantra-
tions in hair and drinking water. Mean = 2I73.8 pa'kg
median = 1,470 pafkg; minimum = 257 pgfkg; maxi-
mum = 12,404 igfkg: ¥=EB58.7 < (5.1 = Xk R=077%;
=54,
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Arsenic concentration in water {ug/L)

Figure 7. Corralation bebween arsenic ¢oncentra-
tions in nails and drinking watar. Mean = 6976.9
pgfka; median = 36015 pgfkg; minimum = 453 pafka;
maximum = 35 790 palka: ¥V = 438.4 + (16.7 = X):
A=071% n=34.



Impact Effects
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Fig. 7. Impact map showing the spatial association between land use and nitrate (NO3-) contamination defined by level of nitrate
concentration and contamination index.

Assessment of groundwater contamination by nitrate leaching from intensive vegetable cultivation using geographical

information system .
Environment International, Volume 29, Issue 8, 2004, 1009-1017
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in the Arctic
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particles in the ice

Bource: NVAF 2002, ACIA 2004



Arctic Circulation




Al masses

Contaminants in the arctic marine environment

Figure 3. Arctic air masses and their transport into the Arctic in winter (after Raatz, 1991).

Moller et al 2011
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ospheric particles

Atmospheric vapour
phase

T>
0°C

Sorbed to ice interface

Dissolved in rain or sorbed to water surface
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Oceanic Exchange

Atmosphere

Atmospheric boundary layer

Sea-ice Snowpack
Marine Ice :

Partition coefficients
Kaw —Air/Water

Kup —Air/Particulate

Kwe — Water/Particulate

LROT Kow — Octanol/Water
Koa —Octanol/Air
Kiiasw —Humic acid/Water

Ocean
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Halsall Environmental Pollution (2004) 128: 163-175



Particulate Phase
Dissolved Phase
Wet Deposition

Dry Deposition y

~

|~ Firnlayer

Switch
between
particulate
and dissolved

3 may impede
X St /
B o, movement

4 Air Flow in
st 82 ‘:éér snow may

Flow may take or
give chemicals to

Water Flow
Under snow

snow

Ice or soil
interactions

e ¥ circul
b5 ‘ circulate

contaminats

Frozen layers

@24

1: Chemicals maybe delivered to snow either by wet or dry deposition

2: Within snow they may move in 3 dimensions driven by air, or hydraulic movement, Ice layers may impede vertical flow

3: Chemicals revolitize to air, move into water or enter base layer be that ice or soil




us-Clapeyron Equation




hat is R?

8.3144598(48) ] mol™ K1

Work
— Amount x Temperature

IRT = mR T

specific
Force

Force ) R = (area)
(length)? x (length) Amount x Temperature

5 x (volume)?

R

~ Amount x Temperature



itration in the gas phase (Cg)
al gas constant (R)
emperature in Kevin (T)

= Concentration in water (Cw)






t does It mean?
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soncentration in the air

* 5ng m
N ¢ 1°C

« H (PCB-18) as 21.33 Pa m> mol!, at 298 K (or 25°C)



Alrawater partition at equator

= H/ns

8.6 x103 orIn K_, -




concentration in water at
equator

aw

/ 8.6 x 10 =5808 pg m= =5.8 pg L]




or Arctic



. Concentration



Polar bear

annual increases in

Cs
PFOS 4.7%

PENA 6.1 %
PFDA 4.3%
PFOA 2.3%

FCs exceed all of
Organohalogen cc
1n bears

= Based on rat and mioTgke:
by 2014-2024 will Seses
OAEL and LOA
estimates

Dietz 2008



ot all doom and gloom

Concentration of a-HCH
in the Arctic atmosphere
(pg/m?)

Concentration of a-HCH
in Arctic Ocean water

(ngiL)

B Present day climate
@ Climate change (SRES A2)

Arcrisk
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