COMMON MISCONCEPTIONS REGARDING
THE USE OF ALUMINUM SULFATE (ALUM) IN
LAKES AND PONDS

Joe Bischoff, Wenck Associates Inc.
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Presentation Objectives

- Sediment P release Iin lakes (internal loading)
- Mechanisms and scale of the issue in Minnesota
- Typical management approaches

- Common Misconceptions Regarding Alum
- Alum treatments are overly expensive
- Alum is not effective for the long term

- Alum treatments should not be considered until the watershed load
IS addressed

- Alum treatments are not effective in shallow lakes
- Alum treatments are not safe for humans or aquatic organisms
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Relationship between Total Phosphorus
and Transparency
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e
Lake Watershed Phosphorus Loading

PRSI @ Generalized Phosphorus Budget
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Sediment P Release

Input
(dissolved, particulate)

Sondergaard et al. 2001

Output

P-forms in the sediment:
* Dissolved (POy4, organic P)

* Particulate

Iron: Fe (lll) hydroxides, Fe (OOH), (ads.)
Strengite, Fe POy
Vivianite, Fe; (PO4)2 8 H2O

Alum: Al (OH)5 (ads.)
Variscite, Al POy

Calcium: Hydroxyapatite, Caqg (PO4)g OH2
Monetite, Ca H PO4

Calcite (ads.)
Clay: (ads.)
Organic: "Labile"

"Refractory”
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e
Sediment Redox Reactions

~
~

N‘--. Organic Substrate

[~ donor]

RELATIVE CONCENTRATION ~—#=
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Centerville Lake

Surface and Bottom TP
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What is Causing Phosphorus Release?

Release of
Phosphorus

f

Sediment depth (cm)

Burial of phosphorus

w
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Sediment Core Collection
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Anoxic P Release

Phosphorus (mg)

Upper Lunsten
Anoxic P Release Rate

Lower Lunsten
Anoxic P Release Rate

0.2

Phosphorus (mg)

Days

20
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Internal Phosphorus Reduction
Why Alum?

- Sediment P Inactivation Tools
- Aluminum Sulfate (Alum)
- Ferric Iron
- Phoslock (lanthanum clay)

- Water Column Manipulation

- Hypolimnetic withdrawal and treatment
- Hypolimnetic aeration
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-
What is Alum?

- Aluminum Sulfate (liquid)

- Dissolves in water to form aluminum
hydroxide and sulfate

- Aluminum hydroxide is a white solid
that settles out of the water column

- Permanently binds phosphorus in
the sediments

- Aluminum phosphate
complexation (Al(OH);PO,)
- Very stable in the environment
- Not sensitive to anoxia (low oxygen)
VQV
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Lake Riley Alum Application, Spring, 2016
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ALUM TREATMENTS DON'T
LAST!

ESPECIALLY IN SHALLOW LAKES.

Alum Treatment Misconception #1
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Alum long term effectiveness

0.4 -
0.35 - -
0.3 -
OPre-Alum Treatment TP
—~ 0.25 -
= @7 to 10 years Post Alum Treatment TP
(@)
- | m>11 Year Post Alum Treatment TP
- 0.2
al
= 015 -
0.1 -
0.05 -
C m Ve o =
Calhoun Cedar Harriet Langdon Long-Henn McCarrons Susan
7 to 10 year Reduction (%) 33% 37% 15% 54% 55% 54% 25%
Alum Dose (g Al/m?) 42 27 32 70 25.6 60
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Factors Influencing Longevity (Huser et al. 2015)

Osgood index (3%)

(Average depth + Area®>)

AN
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Watershed to Lake Area Ratio (32%)

Percentages refer to amount of variation explained by that variable in multiple regression (From Huser et al. 2015)




Recent Advances in Alum Dosage
(Rydin and Welch 1999; W. F. James 2011, James and Bischoff 2015)

| — /\
Potentially-mobile P layer 2 1 Potentially-mobile P layer
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- Based on binding and inactivating measured P fractions that are active in
internal P loading

- The Al:P binding ratio is measured for accuracy

- Thickness of the sediment layer active in internal P loading is measured for

dosage calculation VAV
A
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16 lakes in MN and WI

Al:P binding ratio
8

N
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High Release Rate

Sediment depth (cm)

Potentially-mobile P layer

0 1

* Collect Sediment Cores

* Determine if alum
treatment is necessary

2

3

* Apply initial alum dose

* (Collect sediment cores

—p

Low Release Rate

Sediment depth (cm)

0 1

2 3

Mobile Phosphorus (mglg)

* Apply subsequent alum
dose

* Collect sediment cores

* Monitor water quality to
track effectiveness

* Collect sediment cores

Vov
WENCK




Phosphorus Release Rate (mg/m2/d)

. 2011
- 2015
- 2017

100 g Al/m?

25

100 g Al/im?

-91% -93%

30

100 g Al/m?

40

Site

150 g Alim?

-12%

50

50 g Al/m?




Adapting to Sediment Results




Phosphorus Release Rate (mg/m2/d)

. 2011
- 2015
- 2017

100 g Al/m?
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100 g Al/im?

-91% -93%
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100 g Al/m?
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WATERSHED LOADS MUST
BE ADDRESSED FIRST!

Alum Treatment Misconception #2
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-
Factors Influencing Longevity

Osgood index (3%)

(Average depth + Area®>)
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Watershed to Lake Area Ratio (32%)

Percentages refer to amount of variation explained by that variable in multiple regression (From Huser et al. 2015)




Lake P Sedimentation

- How long does it take to
replace inactivated
sediment TP?

b .
(1+ Cp xCqpg X(V\\;Pj XT] - Used Canfield Bachmann P

Canfield and Bachmann (1981)

sedimentation term to
estimate P loading to

sediment
Canfield and Bachmann (1981) - Assumes 90% inactivation in
P Sedimentation Term top 5 cm

WP
P, =C,xC. X(ij x[TP]xV
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Alum Treatment Longevity with Internal and Watershed load

Reduction
70 -
60 - M Internal Load Only
o M Internal and Watershed

Load

Years to Replace Mass of
Phosphorus in 5 cm of sediment {(years)

Fountain Dean Susan Bald Eagle Lemmay Quigley Carlson Blackhawk
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Years to Replace Mass of
Phosphorusin 5 cm of sediment (years)
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Phosphorus Deposition After Internal and Watershed Load
Reductions (Bald Eagle Lake)

Jlll

Internal Load Reduction Internal Reduction Internal Reduction Internal Reduction
25% Watershed Reduction 50% Watershed Reduction 75% Watershed Reduction
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Internal or Watershed First?

Traditional Thought Model

Watershed Lake Clarity

Proposed Thought Model

Internal load Internal load Internal load

Lake Clarity
improvement

Watershed Projects
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ALUM IS NOT EFFECTIVE
IN SHALLOW LAKES!

Alum Treatment Misconception #3
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-
Factors Influencing Longevity

Osgood index (3%)

(Average depth + Area®>)

AN
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Watershed to Lake Area Ratio (32%)

Percentages refer to amount of variation explained by that variable in multiple regression (From Huser et al. 2015)




e
Alum Use IN Shallow Lakes

- Physical and biological factors
Increase internal load potential
and may limit the effectiveness
of alum

- Wind re-suspension of sediments

- Bioturbation from rough fish,
especially carp

- Sediment P pumping from deep
sediments by submerged vegetation

- Five shallow lakes (WA) treated with
alum had a minimum 7 to 10 years
effectiveness with net P release
reductions ranging

VARV
from 54% to 83%! o

WENCK
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Strategy for Restoring Shallow Eutrophic
Lakes

- Forward switch detection

and removal
Aguidet to th? - External and internal
t .
i nutrient control (TMDL)

shallow lakes - Biomanipulation (reverse
switch)

- Plant establishment
= - Stabilizing and managing
= restored system MAY
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e
Shallow Lake Alum Treatments

Lake , State Country Treatment pH  Alkalinity Surface  Mean Al dose TP longevity Osgood WALA Treatment
year (mgL™") area(Ha) depth(m) (gAlm~2) (Yr) Index method
Lake Glumsg Sealand Denmark 2006 100 25 1.3 30 2.6 28,5 Sediment
Schwandter See MeckPomm Germany 2002 19 1.6 16 7 3.7 124  Sediment
Lingsjon Stockholm Sweden 2006 29 2.2 75 8 4.1 84 Sediment
Banana Lake Florida us 2007 9.5 86 98 1.3 104 3 1.3 559 Sediment
Bay Lake Florida us 2006 15 2.3 20 : 5.9 64 Sediment
Conine® Florida us 1995 96 3 32 46 : 3.1 1 Sediment
East Lake. Tampa Florida uUs 1995.2001 8.2 40 1.7 30 4 26 114 Sediment
Three Mile Maine us 1988 7.2 12 259 52 20 4 32 93 Water
Spring Michigan us 2005 8.87 145 444 52 80 6 24 27.5 Sediment
Anderson SW Minnesota us 2012 7.8 104 23 1.2 a1 D] 26 8.1 Sediment
Blackhawk Minnesota us 1996 8.5 80 19 1.5 10 1 35 49 Water
Bryant® Minnesota us 2008 8.16 144 72 4.6 37 9 54 18.3 Sediment
Ceneterville Minnesota us 1998 87 1345 200 3.7 18 0.5 26 09 Water
Clear Minnesota us 1988 8.18 141 263 41 33 9 25 5.8 Water
Isles ; Minnesota us 1996 8.4 75 42 2.7 18 4 42 7.1  Water
Kohlman Minnesota us 2010 8.18 112 30 1.2 IC78 D 22 101 Sediment
Long (Hennepin co.) Minnesota us 1996 160 115 43 26 0.5 4 288 Water
Olson Minnesota Us 2005 8.5 79 81 2.1 8 0.5 24 231 Water
Powderhorn Minnesota us 2003 7.87 86 5 12 45 6 5.7 25,7 Sediment
Rebecca Minnesota us 2011 8.4 106 43 @ 41 4.7 Sediment
St. Clair Minnesota Us 1998 65 15 26 2 1.9 46,1 Water
Sunfish Minnesota [ 2008 8.74 25 12 8 0.1 24 85 Sediment
Susan Minnesota us 1998 83 130 36 3 30 D 5.1 273 Sediment
Kezar New Hampshire US 1983—1984 6.5 48 74 2.8 24 2 33 37.8 Water
Campbell Washington us 1985 8 85 150 24 26 7 2 71  Water
Erie Washington Us 1985 891 85 45 1.8 20 ] 14 2.7 79  Water
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—e— Loosely-bound P
—s—lron-bound P

—e— Labile organic P

Lake Susan Alum Dose
2016

| - Dose of 138 g/m? Al to

Inactivate redox P in upper 4
cm

| - Sediment density will likely

limit sinking

# - Multiple low dose

D Alum Application Area

Lake Depth (ft)

= Il -s

| -2
¢l R

2013 Aerial Photograph (Source: MN GEO)

™ s ™ L
Path: V:\GISI305710006\Lake Susan Alum Application.mxd
Date: 12/19/2016Time: 8:41:04 PM_User: BecBF0529

applications
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e
Wind Resuspension - Klamath Lake, OR

42730 —
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Bottom shear stress-

In dynes per square
centimeter
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i

1 1
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Maximum wmd event (average wind speed of 14 MPH over
14 hours estimated a wind resuspension of 2 cm sediment
(90% water). USGS 1996.
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e
Low Redox P with High Organic Sediment

- Lakes with high organic
solls have low redox
sensitive P

- Low P release

- Suggests P bound in
plant material (peat
accretion)

- Suggests plant
dominated shallow
lakes do not pump P to
the surface from deeper
sediments

x P (mg/g)

o
T 0.4

0.9

0.8

0.7 1

0.6 1

0.2

Figure 3. Redox sensitive P and
Loss on Ignition (LOI).
The regression line is also shown

(y = 13.239x-12843: 12 = 0.98).

Oneka Lake

LOI (%)
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Schwanz (1997) Fish Lake (2011) Blackhawk Lake LeMay Lake
(2013) (2015)

mpre-alum = post-alum VAV
A
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Total Phosphorus (ug/L)

50 75 100 125 150 175 200

25

Blackhawk Lake Total Phosphorus
June through Sept, 1991 - 2018

In—

lake alum dose
in spring of 1996

In—lake alum dose
o in fall of 2013
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LeMay Lake Total Phosphorus
June through Sept, 1991 - 2018

All data are shown.
In-lake alum dose
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ALUM TREATMENTS ARE
TOO EXPENSIVE!

Alum Treatment Misconception #3
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e
Costs for Alum Treatments

.+ Cost is typically $1.75 to
$2.00/gallon applied

- Buffered alum (sodium aluminate)
typically costs more

- Alum prices vary significantly year
to year
- Sticker shock for upfront costs
- Bald Eagle Lake  $860,000

- Halsted Bay $1.1M
- Spring Lake $986,000
- Lake Riley $480,000
VIRV
(Al
WENCK
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Excess Nutrient TMDL Compliance Costs
Crow River Watershed

$40,000,000

$35,000,000

$30,000,000 2 Lakes

$25,000,000

3 Lakes 10 Lakes

$20,000,000

$15,000,000

22 Lakes

$10,000,000 27 Lakes

TMDL Internal Load Reduction Cost

$5,000,000
7 Lakes

SO
South Fork Crow North Fork Crow

B Deep Lake Internal m Shallow Lake High Priority m Shallow Lake Low Priority

Assumptions: 100 g Al/m2application rate; Deep lakes-only treat littoral area; Shallow lakes- treat 75% of lake area
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Rain
Gardens

N=6

Street
Sweeping

N=6

BMP Cost Efficiency by Project Type

Underground
Filtration
System

N=3

]
Basin Phosphorus | Low Impact Iron Basin Alum
Expansion |Interception [Development| Enhanced | Expansion | Treatment
Filtration and Iron
System Enhanced
Filtration
System
N=5 N=1 N=2 N=11 N=8 N=5
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ALUM IS NOT SAFE

Alum Treatment Misconception #5

SSSSSSSSSS



e
Aluminum and Human Health

earths crust.

- Occurs naturally in lake sediments due to
weathering of watershed rock

- Virtually all food, water, air, and soil contain some
aluminum.

- The average adult in the U.S. eats about 7-9
milligrams (mg) aluminum per day in their food

- Only very small amounts of aluminum that you may
Inhale, ingest, or have skin contact with will enter
the bloodstream.

- The FDA concluded that aluminum as a food
additive is generally safe

ﬁ - Aluminum is the third most abundant element in the
et

VAV
One dose of Maalox A

includes 400 mg WE NCK

Aluminum Hydroxide




Short Term Toxicity

- Dissolved aluminum (Al®*) can
cause toxicity issues in lakes if pH is

below 6

- pH decreases can easily be avoided
with proper dosing calculations and
field jar tests

- Alum does not appear to
bioaccumulate in algae or fish tissue
(Huser and Kohler, 2012)

WENCK




Macroinvertebrate Impacts

- Lake Morey, VT (Smeltzer at al. 1999)

- The benthic macroinvertebrate community
experienced a 90% decline in density year 1 then
recovered with density and taxa richness exceeding
pre-treatment values

- 6 Florida Lakes (Harper et al.)

- In general, benthic macroinvertebrate monitoring
Indicated a reduction in organism density
accompanied by a dramatic shift from detritivores
dominance to carnivores dominance and the
reintroduction of clean water indicator species.

- Sweden Lakes Study (Huser and Kohler 2012)

- Exclosure experiments determined short term impacts
,but long term improvements due to improved water
guality

BLM/USU Natiocnal Aquatic Monitoring Center
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Conclusions

- Sediment P inactivation is more cost effective that
watershed BMPs on a cost per pound removal

- Alum can be effective for 15 to 30+ years if dosed correctly

- Controlling external P loads is important, but alum
treatments can be effective even when watershed loads are
moderately high

- Achieve the benefits of alum now rather than wait 15 to 30+ years
- Alum can be safely reapplied and is still cost effective

- Alum is effective in shallow lakes and can support
restoration efforts

- Plant establishment prevents resuspension
- Alum use is safe for both humans and lake organisms

- May have some short term impacts, but long term improvemeng =
outweigh these impacts o
- Needs continued research WENCK
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