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Low oxygen happens ... algae grows ... why?

chemistry

Eyes Over Puget Sound .
Hood Canal 2013 physics




Relative impacts on dissolved oxygen
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... more study needed.
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Local sources

of nitrogen
(US and Canada)

e Pacific Ocean is
the largest source
of nitrogen

e Sediment-water
exchanges highly
influential

Mohamedali et al. (2011)



Current and Future Scenarios

(2020s, 2040s, 2070s)
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e 3D model (circ, WQ)
e 10,000s of elements

e 1,000,000,000s of
outputs

e See me for
modeling details...
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*Source: Khangaonkar
.etal. (2012)




Average regional and

seasonal oxygen deficit:

e Oxygen inventory
e Below pycnocline
e September - October

Average DO
depletion
(mg/L)
0.00 — 0.05
0.05-0.10

Oxygen
depletion —
current sources
(wastewater,
watersheds)

*Biggest impacts in
South and Central
Puget Sound

*Not directly

applicable to State
of WA water
quality standards
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. . Average DO
Oxygen depletion — future marine 4 jetion

point sources and watershed inflows  (mg/L)
0.00-0.10

2020 2040 2070 0.11-0.20
0.21-0.50
0.51-0.80

0.81-1.10

current 2020 loads, current 2040 loads, current 2070 loads, current
circ, current ocean circ, current ocean circ, current ocean
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. Average DO
Oxygen depletion — future human 4 ction

loads and future circulation (mg/L)
0.00-0.10

2020 2040 2070 0.11-0.20
0.21-0.50
0.51-0.80

0.81-1.10

current 2020 loads, future 2040 loads, future 2070 loads, future
circ, current ocean circ, current ocean circ, current ocean
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Future scenarios — Pacific Ocean trends

Oxygen declining at 3| isop

ycnals at Statjon p
(50-year trend)

Ocean Station
Papa (P)

Sources: Figs 1 and 4 from Whitney et al. / Progress in Oceanography 75 (2007) 179-199 *°



. Average DO
Oxygen depletion — future human 4 etion

loads, circulation, and ocean (mg/L)
0.00-0.10

2020 2040 2070 0.11-0.20
0.21-0.50

0.51-0.80
0.81-1.10

-1.5 mg/L

2020 loads, future

ocean, future circ

2040 loads, future 2070 loads, future

ocean, future circ ocean, future circ
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Future population growth will increase oxygen
impacts; ocean trends would make it worse

Current human
sources, circulation,

2070 human 2070 h-uman'+ future
circulation

ocean conditions, air
temperature

2070 human + circ + 2070 human + circ +
. future ocean ocean + air tem
Average depletion —

(mg/L of oxygen decline compared
with current conditions)

0.00-0.10
0.11-0.20
0.21-0.50
0.51-0.80
0.81-1.10
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Relative impacts on dissolved oxygen

inflows

Increased air
temperature

Changes in circulation due Increased
to changes in freshwater wastewater

from future
population
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Pacific Ocean trends

Higher river nitrogen
concentrations from
land cover change

... more study needed.
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Influence

HIGHER

Future ocean conditions

Future marine community shifts

Future climate
(air temperature, precipitation, hydrology)
Future sediment-water exchanges
Future watershed concentrations
(land cover)
Future watershed inflows
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Future marine point source concentrations

Future marine point source flows
Current sediment-water exchanges
Current ocean conditions
Current watershed inflows

Current marine point sources




Next steps (2015):

Pacific Ocean trends?

Sediment diagenesis

Revisit scenarios

Project Team:
Mindy.Roberts@ecy.wa.gov

Teizeen.Mohamedali@ecy.wa.gov
Tarang.Khangaonkar@pnl.gov
Wen.Long@pnl.gov
Cope.Ben@epa.gov
Bsackmann@integral-corp.com

This project has been funded wholly or in part
of the US EPA under assistance agreement PC-
00J279-01 to Department of Ecology. The
contents of this document do not necessarily
reflect the views and policies of the EPA, nor
does mention of trade names or commercial
products constitute endorsement or
recommendation for use.

15



	Relative influences of human nutrient sources, the Pacific Ocean, and climate change on Salish Sea dissolved oxygen through 2070
	
	Speaker

	Relative influences of human nutrient sources, the Pacific Ocean, and climate change on Salish Sea dissolved oxygen through 2070
	Low oxygen happens … algae grows … why?
	Relative impacts on dissolved oxygen
	Local sources of nitrogen�(US and Canada)
	Current and Future Scenarios�(2020s, 2040s, 2070s)
	Slide Number 6
	Oxygen depletion – current sources (wastewater, watersheds)
	Oxygen depletion – future marine point sources and watershed inflows
	Oxygen depletion – future human loads and future circulation
	Future scenarios – Pacific Ocean trends
	Oxygen depletion – future human loads, circulation, and ocean
	Future population growth will increase oxygen impacts; ocean trends would make it worse
	Relative impacts on dissolved oxygen
	Slide Number 14
	Slide Number 15

