Chemistry of the Ocean

Liz Kujawinski

Woods Hole Oceanographic Institution









Chemicals in Seawater

Salt
Nutrients
Land-derived (trees, grasses, dirt)

Ocean-derived (phytoplankton, shrimp, fish,
whales)

Pollution (pesticides, oil, sewage)



Salt 35 g

SO0 7.7%
—Mg?* 3.7%
—Ca® 1.2%
- K" 1.1%
-Minor
constituents:

0.7%
Sr?+ Br-,C

Seawater

Salinity = 35%e. Dissolved components
Copyright © 2005 Pearson Prentice Hall, Inc.
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NUTRIENTS

NITRATE NITRITE H
0 . Nitrogen
F (,N% /N-..,,I_I In biomass, C:N =7
O'?er'\”O 0 g0 H h Proteins, DNA, RNA
(I) Phosphate
O=P-—-0 In biomass, C:N = 16
(I)' DNA, RNA
O-
|_ Silicate
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NUTRIENTS (nitrate)
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NUTRIENTS (nitrate)

Sea-surface nitrate [mmol N m -3 ]
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LAND PLANTS




LAND PLANTS

CDOM (log(m™ ")) on May 2008
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OCEAN PLANTS

Roman Stocker, 2012 Science



OCEAN PLANTS

Chlorophyll a Concentration (ma/m?)
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OCEAN PLANTS (dissolved impact)
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OCEAN PLANTS (exchange!)

phytoplankton phosphate
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OCEAN PLANTS (exchange!)

Global Marketplace




POLLUTION

OIL SPILLS
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POLLUTION
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POLLUTION
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DEEPWATER HORIZON OIL SPILL - 2010

=] BLOWOUT PREVENTER FAILED
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DEEPWATER HORIZON OIL SPILL - 2010
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DEEPWATER HORIZON OIL SPILL - 2010

Near the wellhead... Evidence of an underwater plume

CDOM
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Mandy Joye, Univ of Georgia




DEEPWATER HORIZON OIL SPILL - 2010

Rich Camilli, WHOI



DEEPWATER HORIZON OIL SPILL - 2010

Plume discovered

In June, Woods Hole Oceanographic Institution
researchers discovered an undersea oil plume
measuring more than 21-miles long spreading
southwest of the Deepwater Horizon wellhead.

S e

Plume
dimensions

2 _ . » More than
Gulfiofexico Wellkiead ~ 21 miles long

» 1.2 miles wide
» 656 feet high

Source: Woods Hole Oceanographic Institution; graphic by Dave Mermill, USA TODAY

Rich Camilli, WHOI



DEEPWATER HORIZON OIL SPILL - 2010
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DEEPWATER HORIZON OIL SPILL - 2010
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1 tanker truck = 8000 gallons; daily total = 23,000 gal; ~3 tanker trucks per day; ~300 total!!



MASS SPECTROMETRY TO FIND TRACE MOLECULES
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DOSS concentration (ug/L)
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DEEPWATER HORIZON OIL SPILL - 2010
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DEEPWATER HORIZON OIL SPILL - 2010




DEEPWATER HORIZON OIL SPILL - 2010

ane Contours
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OCEANOGRAPHY =
A COMMUNITY OF

RESEARCHERS

CDOM, oxygen sensors
Methane measurements
Mass spectrometry for oil
and dispersants

Air measurements
Surface samplers
Mass spectrometry

Deep-sea sampling
Modelling of flow and

- bubbles

Sediment analysis



QUESTIONS?






1. What is a dispersant
and how does it
work?

A mixture of
surfactants and
solvents that break oil
into small droplets

In theory, these small
droplets make oil
more available for
biotic and abiotic
weathering

2. Why do we care if it
is present?

Toxicity of oil may be
enhanced in presence
of surfactant

Toxicity of dispersants
has not been tested
on deep-water fish

Without dispersant

With dispersant (THEORY)

Graphics by J. Cook, WHOI



Spatial distribution of DOSS — ACTIVE FLOW

DOSS concentrations at plume depth; May/June 2010
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Kujawinski, et al. 2011. Env. Science & Tech.

Color legend:
Red: > 9 ug/L

Green: 0.1-1.0 pg/L
Cyan: 0.01-0.1 pg/L
Blue: <0.01 pg/L
White: below detection

Model assumptions:

Average DOSS rate:
4800 kg / day

No degradation

Lateral turbulent mixing

Conclusions:

DOSS is sequestered
conservatively with
deepwater oil & gas plume.
No evidence of short-term
degradation. Variable
concentrations may be due
to variable discharge rates
at well-head.
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DOSS concentrations at plume depth; Sept 2010

Spatial distribution of DOSS — NO FLOW
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Color legend:
Red: > 9 pg/L

Green: 0.1-1.0 pg/L
Cyan: 0.01-0.1 pg/L
Blue: <0.01 pg/L
White: below detection

Model assumptions:

Average DOSS rate:
4800 kg / day

No degradation

Lateral turbulent mixing

92 °W 91°W 90 °W 89 °W 88 °W

Conclusions:
DOSS is transported conservatively with deepwater oil & gas plume.
No evidence of long-term degradation.

Kujawinski, et al. 2011. Env. Science & Tech.



