Chemical transport and fate in
the environment

Simply Complicated




Silent Spring —Rachel Carson 1962
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Late lessons from early warnings:
the precautionary principle
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Deaths from urban air pollution
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Example of issues
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Heath Effects
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Haggstrom, Mikael. "Medical gallery of Mikael Haggstrom 2014".


https://en.wikiversity.org/wiki/Medical_gallery_of_Mikael_H%C3%A4ggstr%C3%B6m_2014
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DISASTERS AND MAJOR ACCIDENTS, Pier Alberto Bertazzi



Chemical Disasters

Major Fire

Consequences

Place and date

Chemical involved Death Injuries
Methane 136 77 Cleveland, Ohio, United States, 1944
Liquefied petroleum gas |18 90 Ferzyn, France, 1966

Liquefied natural gas

40 -

Staten Island, New York, United States, 1973

Explosion Consequences Place and date

Chemical involved Death Injuries

Dimethyl ether 245 3,800 Ludwigshafen, Federal Republic of Germany, 1948
Kerosene 32 16 Bitburg, Federal Republic of Germany, 1948
Isobutane 7 13 Lake Charles, Louisiana, United States, 1967

Oil slops 85 Pernis, Netherlands, 1968

Propylene - 230 East Saint Louis, lllinois, United States, 1972
Propane 7 152 Decatur, lllinois, United States, 1974

Toxic Release Consequences Place and date

Chemical involved |Death |Injuries

Phosgene 10 - Poza Rica, Mexico, 1950

Chlorine 7 - Wilsum, Federal Republic of Germany, 1952

RS AND MAJOR ACCIDENTS, Pier Alberto Bertazzi



What makes a POP

+* Bioaccumulation

* Long range transport

+ Toxicity TOXIC
CHEMICALS
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What is the Environment?

\

* Natural environment is all living and non- Solar
.. . energy
living things

* The physical and biological parameters
with chemical interactions that affect
and organism or group of organisms

* The physical system that interacts with
exchange of mass, energy or other
properties







What may we need to know




Source Pathways

Source Management

Source
o Location

RECEPTOR
o Concentration

Receptor Management

Pathway Management



Waste

Solvent and product use

Road transport

Other

MNon-road transport

Industrial processes
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Individual




Point sources




Diffuse Sources

W?m-

i '1,___|
(= |:-i-:tu|'e=3.||i3.n-:e,-'d|llla|

Mexico City



Regional Sources
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Global

Commonwealth of Independent States

European
Community

ireported doto
collectivalw

Africa J:hlorine Monoxide and the Ozone Hole: 1996
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r IEEEE O
140 180 220 260 300 340

DU above 100 hPa




Lakes and Rivers







E waste production




Environmental impacts

\

» Studies conducted in China discovered heavy
contamination in e-waste recycling regions

— Soil, air, water, and sediments all contained high
levels of contamination

* Trace metals (Lead, Zinc, Nickel, Copper, Mercury, and
Cadmium)

* Polychlorinated Biphenyls
* Polycyclic Aromatic Hydrocarbons

* Dioxins



Environmental prediction

‘\

* Physical and chemical
properties
* Routes of transfer
* To the environment
* Through the environment
* Distribution



Predicting is Complex

nG) = (5% )

i
PV = nRT R = ﬂ 8.3144598(48) J mol-' K-
nT
p[nAx,(m + 1)At] = 1/2 p(nAx, mAt) + 1/ 4 p[(n - 1)Ax, mAt] + 1/4 p[(n + 1)AX, mAt]
Work
R =

o Amount x Temperature
PV = NRT = mRspecificT

Kay = H/RT c=S/KV+(c,-S/KV)eK
Force

P = (length)

Amount x Temperature

X (length)?

C
H = (3)/Cw



Chemical Factors

vapour pressure (PL) \

 aqueous solubility (S,)
e Henry’s Law constant (H)
 Partitioning Co-efficient
 octanol/water (Log Kyy)
* octanol/air (Log K,,)
o air/water (Log K,y)
e humic acid/water (Log Kyaw)
* particle-gas (K,)

Wania and Dugani., 2003; Wania and Makay, 1995; Macdonald et al., 2005



Units of Concentration

Viass per volume

Air -m3

Water —L™

Soil —g~

PPM, PPT, PPB

Mole (6.02 x 1023
atoms)

Wet weight/Dry
weight

Normalized



T

* Concentration —unit per volume
* Flux Quantity that passes though in a fixed period




is the Matrix

HCB

o Texsanane

- -_-l-l ._-_—_

o Chlordases

o FCBs
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Transport Routes
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* Atmospheric Transport

* Water Transport

* Biovectors



Mass Balance

* What goes in gw

Volatility
Low High
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So for an Lake system

\

Input Stream Flow

Volatilization |

Bioaccugulation

Sedimentation




So for an Lake system

1x 104 kg/m3 ‘ :

(1kg day™)

1

20kg day”’

1x 104 kg/m’3 *
Bioaccumulation

6 kg day' unaccounted for

10 kg day™



It’s a bit more complicated

Long-range
transport
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Dispersion




The Drunkards Walk
ere is randomness \

to movement

+ For every step there is
a series of choices




Random Walk Model

‘\

p(nAx, mAt)

° mare intervals
* tistime
* n probability it stays there and remains

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

flux g < 0,

substance diffuses to the left

| c(x.0)

Shortly after
P( release

On the right,
¢ decreases with x,
flux g = 0.
/ \, substance diffuses to the right

Some time
later

Long time |




Simple Example

25%

p[nAx,(m + 1)At] = 1/2 p(nAx, mAt) + 1/ 4 p[(n - 1)AX, mAt] + 1/4 p[(n + 1)AX, mAt]
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vironmental Air Transport










Atmospheric Transport

POP Migration processes

High latitudes
D &
eposition & evaparation o1 bl distillation

Mid lotitudes with fracticnation
Seasonal cycling di lebal maokili
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Air Contamination is not new

Calendar years
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National Air Quality Standards

Exposure Standard Cause for concern
duration

1 hour 35 ppm Headaches, asphyxiation
Carbon Monoxide 8 hours 9 ppm Decreased exercise tolerance angina pectoris
NO, 1year 0,53 ppm Aggravation of respiratory disease
Nitrogen Dioxide
SO, 3 hours 0,50 ppm Shortness of breath wheezing odor acid precipitation
Sulphur Dioxide 1day 0,14 ppm damage to vegetables
1year 0,03 ppm
0, 1 hour 0,12 ppm Eye irritation interference with breathing damage to
Ozone 8 hours 0.08 ppm materials and plants
Pb 3 months 1.5 ug/m3 Blood poisoning infant development
Lead
PM2.5 24 hours 60 ug/m3 Lung disease
1year 15 ug/m?3
PM10 24 hours 150 ug/m3 Visibility respiratory disease
1year 50 ug/m3

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



Water Transport




Water

* Liquid water

* Salinity
% pl—

* Conductivity
* Temperature
* SNow

*|ce



Surface Circulation
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k Escape

The Great Rubber Duc
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Macro Contaminants




Ocean Water PFCs

Concentration [pg L]
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Rivers
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Groundwater

* Metals —natural

* Agriculture

* Ccommerce

* Industry

* Residence

* Waste Management



Contamination of Groundwater
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Arsenic groundwater

-

* 100 million peoplea
risk =

{




Biovectors

Any organism that travels
can transport chemicals

+* Salmon

+ Reindeer
+ Whales

i

Miebrasha Game snd Prrks Commission




loNn

Icat

=

Ampl

Evenset et al., 2007, Choy et al., 2010 Blais et al., 2005; 2007




New Burdens

* LRT can transport
many chemicals

+ But biovectors can
go against the flow.

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



Credit River

Annually 20’000
Chinook salmon

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

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

* ~75g of >PCBs and 25g
of DDT to the river over
a few weeks

River Area, Siressed
by Lirhanization

(O’Toole et al 2005).






PCB Halo

e

ArChic Benitorimg and Assensmesnt Prcoea s
AMAPFP bcsassrmant Report: Arctlic Pelluticn Issues, Figura 6.8
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Resolute Lake

PFCs and Airports

Char Lake

Amituk Lake
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Breakdown
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Deep ocean water
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Sedimentation

\

particles particles
suspended settled
in water on bottom
+:{‘.‘= I'.“I-




* * X X ¥

*

\

Symbol C

Atomic mass 12.0107

Atomic number 6

CAS 7440-44-0

Naturally found as

# anthracite (coal)

* Graphite

* Diamond

Discovery date.... Considered prehistoric




Total Carbon
(TO)

Inorganic Organic Carbon
Carbon (1C) (00)

Particulate i Dissolved

Industrial BC Emission Biomass BC Emission

Volatile Organic
Carbon (VOCQ)

Particulate [y Dissolved
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Black carbon

\

* Strongest light absorber of atmospheric particulates

+ Fine particles (PM, ;)

* Absorbs 1 million times more solar energy that CO2

* Major soot component

* Transport vector for many compounds including PAHs

* In soil and sediment may be primary sink of organic
contaminants and heavy metals



By air or by sea

e —

Perfluorinated compounds







PFC humans

Poland

Belgium  15.7 104 482 <3
India 1.85 1.6 2.64 <3
Sri Lanca 5.03 0.57 6.38 N.A
Malaysia 12.7 1.98 <10 4.57
Korea 21.1 3.95 61.8 1.3
Japan 24.6 5.92 6.4 7.92
China 52.7 1.88 1.59 1.82
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Yeung et al 2006
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* So in the Arctic are they transported from the air to
the water

* Oris the water the transport

How would we test this?
Is it important to know?



Evidence of
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Ocean Water PFCs

Concentration [pg L]

1000 1200

CO~NOIARWN =

O PFBS
OPFOS
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Temperature [°C]
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Devon Ice Cap
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The Sea may still be a source

Ice clouds

Mixed phase
. . clouds

Organic-enriched
film drops

o ®

® @ ®

®
e * o

Wave
breaking

B“bb‘le Scavenging of
. bursting : biogenic organics

Bubble
entrainment



Importance

‘\

* By knowing the source we can predict the behavior

* We can also limit the emissions if possible
* Can monitor one matrix to predict others
« ldentify routes of exposure






Why look in the Arctic

Northern Diets
Persistence
Snow and Ice
Volume
Bioaccumulation
0.0008% PCB
21% of y-HCH

12% of DDT

* % % F*x X X X ¥



Sources

CON TAMINANTS SOURCE AREAS

Industriml
Agnoultural
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Snow/Rain Partitioning

Phase Distribution in a Cloud at T > 0 °C

(8] | 1]
M <
. disperse 1]
3 T
. £ phases
. * Rain and Snow generate
’ different partitioning
= 8
4 5 6 7 8 9 10 11 12 13 14 15 16 ° + How chemicals will fall
(A) log KParﬁcle . .
Phase Distribution in a Cloud at T < 0 °C out will Change with

seasonality
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10
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(B) 109 Kporrie Lei and Wania 2004



Wet/Dry Revo||/tltzatlon

Deposition Air/Water
transfer




Oceanic Exchange

Atmosphere

Stack emissiohs

Kia/w
Kap

KAW

Koa |

Sea-ice Snowpack ‘
Marinelee

Partition coefficients
Ky —Air/Water

Kap —Air/Particulate
Ky — Water/Particulate
Kow — Octanol/Water

Koa —Octanol/Air

Kyaw —Humic acid/Water




Concentration in the air

< Ry
* H(PCB-18) as 21.33 Pa m3 mol", at 298 K (or 25°C)



Air water partition at equator

\
Kaw = "/pt

K., =21.33/(8.314 x298) =8.6 x 103 or InK_, -4.8




Concentration in water at equator




H /(1 1
InK,, (T;) =InK,, (T1) — ( - _)

* AH for PCB18




Concentration




Polar bear

* PFOS 4.7% 2

* PFNA 6.1% CA <
+ PFDA 4.3% Nl -~ < i
+ PFOA 2.3% BT e DN -

+ PFCs exceed all other |
Organohalogen contaminais
Bears N

* Based on rat and monke

2014-2024 will exceed NO A
LOAEL estimates 7
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* Three major routes of contamination

* Atmospheric
+ Water
* Biovectors

* Persistence
* Toxicity
* Many factors affect the transport
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