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PO, + Fe?*

Lake water

v Sediment
PO, + Fe?* «+— Fe(OH),-PO,

Concept from Einsele (1936) and Mortimer et al. (1941)
Insert courtesy of G. W. G. Ferris (1882)



Predicted average P flux (mg/m?/day)
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What broke the “ferrous wheel”?




Sampling Method
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Syringe 2 »| Closed cell pH
Bottle 1 Anions, DOC, and ANC
Bottle 2 Acidify (HNO) »| Total Acid-soluble Metals
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Fe,, dissolved, ug/L
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Al and Fe are quite insoluble in lakes with pH 5.5-8 (most of
Maine lakes). How does all the Al and Fe get into lakes?

Al and Fe in soil + DOC ——dissolved AI-DOC + Fe-DOC in streams and lakes

So, how does the soluble AI-DOC and Fe-DOC get removed from lakes?

dissolved AI-DOC + Fe-DOC in lakes + sunlight —— dissolved Al + Fe,
both of which then precipitate as AI(OH), and Fe(OH),,
both of which adsorb PO, from the water column



Coring (profile)
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thanks to K. Coolidge



Dissecting the Core
Lake sediment

0.5cm

1.0cm

2.0cm

H20 (%), 110°C
LOI (%) = % org., 550°C
Conc. = (ug Hg)/(g dry sed.)
210pph = Bg/(g dry sed.)

tip =22y
137Cs (1963/4 maximum)

241Am (1963/4 maximum)
Speciation of the elements of interest,
including Al, Fe, and P



1MNH, CIl@pH7

Seqguential Extraction
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P speciation in sediment of two Maine lakes

(data from K. Coolidge)
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Elemental Concentrations of Sequential

Extractions for Highland Lake

(umol P/g dry sediment)
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Elemental Concentrations of Sequential

Extractions for Salmon Lake
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The magic numbers!

If extractable Al(OH),:Fe(OH); > 3, there is little release of P
If extractable Al(OH),:Fe(OH); <1, = P release is substantial if ....
If extractable Al(OH)3:P ¢ associatedy > 29, there is little release of P

for example, Lake Auburn.......



Fe* —» Fe(OH), « L PO,

AlZ* —* AI(OH),

Epilimnion

Hypolimnion

v

PO, + Fe>* «— Fe(OH),-PO,

PO, + Al(OH); —— AI(OH),-PO,




-
?
vu

e
—

- T ———
— e ——
e

—

| -———— ——
!} - ' 3

 — I T - Sargent Mountafn'Pond,_-alne

Assembling the pieces of a biogeochemical problem
Water in streams and lakes
Speciation of the chemistry of water
Speciation of the chemistry of sediments



and now to the future.....

Engaging citizen scientists to evaluate potential
for water quality decline in Maine lakes

Senator George J. Mitchell Center for Sustainability Solutions
University of Maine
FY16 Sustainability Research Grants

A focused study of 24 Maine lakes to: (1) develop a lake Vulnerability Index that
combines stakeholder engagement parameters with physical and chemical
indicators (all with VLMP help) to predict which lakes are more susceptible to
deterioration in water quality, (2) identify, through surveys and interviews, the
underlying factors that result in successful collaborations among VLMP monitors,
homeowners, and lake associations on lake stewardship activities, and (3) use the
data to develop a blueprint of activities that can positively influence stewardship
behavior among the public.



citizen

low <—— involvement —— high

low

trophic state

high

Thompson (4400%*)
Emden (1568)
Hopkins (442)

Long (2700)

Great (8240)
Messalonski (3500)
North (2900)

Salmon (666)/McGrath (486)
East (1823)

Pleasant in Casco (1312)
Clearwater (750)
Pleasant in Caratunk (1120)

Damariscotta (4400)
Mousam (900)/Square (840)
Taylor (650)

Meddybemps (6765)

Sabbatus (1960)
Unity (2500)
Webber (1200)

Tunk (2010)

Auburn (2260)

China (3844)

* Numbers are lake surface area in acres




Who is involved?
A consortium of Maine D.E.P.,, U.Maine, U.S.Maine, VLMP, and VLMP

monitors

What are we doing?
1. Targeted sampling and characterization of sediment and water samples

(2X). First round complete.

2. Written surveys from, and interviews with, VLMP volunteers and lake
associations. “In the mail”.

3. Workshops with Lake Associations and volunteers on how lakes function
4. Compiling metrics about lakes and their watersheds

5. Development of a Vulnerability Index capable of predictive power for
water quality in a changing physical and chemical climate

Why bother?
Better understanding of social and scientific dynamics related to lake

protection, leading to better protection of Maine’s aquatic gems



