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What are POPs and why do we care
about them in the Arctic

* POPs currently on the Stockholm
Convention List
 The original POPs
e Aldrin, Chlordane, DDT,
Dieldrin, Endrin,
Heptachlor, HCB, Mirex,
Toxophene, PCB, PCDD,
PCDF
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e PentaCB

e PFOS, PFOA




Polychlorinated dibenzodioxins (PCDDs)

Polychlorinated dibenzofuranes {PCDFs)
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e Cold-Condensation

 Global Distillation

— Trade forced winds
— Diurnal influences
- — Monsoon Winds
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How do POPs get to the Arctic?

mid-latitudes

seasonal cycling

of deposition

and evaporation

A\

long-range
atmospheri
transport

long-range
oceanic
transport

low

latitudes —

evaporation > deposition

. and permanent

high latitudes

global distillation

deposition > evaporation with fractionation

|l

degradation "y

B retention

according to
global mobility

high mobility

relatively
high mobility

relatively
low mobility

low mobility

‘grasshopping’

Many POPs are
semi-volatile e.g.,
PBDE and can be

mobilized through
repeated
volatilization/conde
nsation steps




 BUT, they are soluble (like) in fat in organisms
" -_‘Accumulate In organisms

Could impact ©
food chain e.g., polar bears, wolves people

“« POPs are also very persistent

» Do not degrade readily blotlcally or
chemically

» Accumulate over time




— Legacy POPs prlmary use has decreased

° Forest and tundra flres Can release POPS
=CurrenttisePesticides detected in Arctic

—Elame retardants and fluesiaatec
compounds

— Emerging contaminants e,g., fragrances




“Secondary” sources of
Legacy POPs:
revolatilization from
water and soil!

Environ. Sci. Technol 2010, 44, 6978-6984
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Cycling of DDT in the global environment 1950-2002:
World ocean returns the pollutant
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Past, Present, and Future Controls
on Levels of Persistent Organic
Pollutants in the Global Environment



Most POP Research in the Arctic

Involve Measurements and Monitoring

50 YEARS FROM NOW - Ooglo Saarnch
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LAST POLAR BEAR
ANGS SELF
IN PRISON
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What did we do at Toolik in 2011, 2013
and 20147

e 2011: Isolation of dissolved organic matter
(DOM) samples

= Selection and collection of surface waters
= |Large scale isolation by solid phase extraction

= 2013: More DOM isolation, PBDE air
measurements, DOM binding experiments

= Active and passive air samplers
= PBDE binding to Arctic surface water DOM

= 2014: Actinometry and photolysis experiments



Comparison of PBDE Air

Locations

Different Arctic

Toolik air

concentrations

typically ~ an order
of magnitude

B Concentrations from

agreement with

other sites
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PBDE Concentrations in Toolik Air

Particle-bound (QFF)

Gas-phase (PUF)

—Air temperature
Tri + Tetra-BDEs
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Solubility Enhancement

PBDEs in solutio
(free and DOM-partitioned

Increasing DOC >

7 concentrations of DOM (+1 experiment with Milli-Q only)

4 replicates of each DOM concentration (+1 control w/o PBDE)
6 day minimum equilibration (kinetics study verification)

2:1 Liquid-liguid extraction with hexane

GC — ECD analysis, S/SL injector, 15m RTX-1614 column



Partition Coefficient Summary
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Molecular Modeling Results

ESABV = red
squares

LSABV = green
squares

Our data = filled
purple circles

Lit. Data = orange X

Wei-Haas et al., 2014 EST
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Conclusions 1:

v Kpoc IS a function
of bromination
and DOC
properties

v' pp-LFER
accurately
estimates this

Br Br reaction

J@/O@/ Both ESABV and
Br s LSABV robust

Observed Partition
Reactions




R Direct Photolysis
— Y
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P Indirect Photolysis
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Previous Research

* Direct photolysis in organic solvents

* t,,, = minutes to hours

* Indirect photolysis and the influence of DOM
* Conflicting Results (Eriksson et al., 2004 vs. Leal et al., 2013)
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Methods

o
Aqueous BDE-47 Solar Simulator

Solutions

Liquid-Liquid
Extraction (Hexane)
+PCB-155

layer

Gas Chromatograph
(LECD or Mass Spec)

NS



Time (hours)

Results — MQ vs. DOM
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Organic Solvent Effects
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Conclusions 2

Reduction MeOH/Water

Reactions



Arctic Photolysis model
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http://www.alaska=in-pictures.com/bow-lake-sunrise-banff-national-park-8189-pictures.htm




