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Algae Blooms

Causes:

* Internal loading of Phosphorous from sediments

 Additions of unnatural nitrogen into the system

* Drainage and runoff from nearby bodies of water

Effects:

* Algal blooms —release a toxin called Microcystin

Block sunlight from underwater plants

Shortage of drinking water due to poor water quality

Biological interactions===~ - = : :

 Chemical changes . &
o
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. %%  Epilimnion
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Photosynthesis
6CO2 + 6H20 --> C6H1206 + 602
Results in larger concentrations of dissolved

Separation of Layers oxyaen

Metalimnion

* Two major separate zones the Hypolimnion
and Epilimnion Respiration
 Each layer is stratified and distinctive from C_6H1206 ez e SR DBRRD J’_ATP
o Dissolved oxygen is a reactant, drastically
Iowermg DO vaIues
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* Formed as.a result of wind action and- -
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differential temggramre _—
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" Depth of sample (feet)
- Lake stage (feet)
Specific conductance
pH
Water temperature (degrees Celsius)
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Additions

* Water Eutrophication results from an
overabundance of nitrogen and
phosphorous added into the system from
storm runoff

* Wind lake has a nitrogen ratio of greater

than 15:18eritsis much more numg{gus R —

the system (Stephe en;1994) -
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Agriculture and Runoff
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Table 10. Types and densities of phytoplankton in Wind Lake. water years 1988-89

[a, population, in cells per milli : b, p ge of total pop <, less than; --, none present]

Date Total population Diatoms Green algae Golden-brown algae Blue-green algae

(cells per milliliter) a b a a b a b

: > . z ¥ 10-15-87 413,000 596 <1 3,890 1 28 o 408,000 99

i L Bt S 10-2087 110,000 s96 <1 4740 4 o o 104,000 95

3 11-17-87 110,000 223 <1 3260 3 113 <1 106.000 96

-3 12-10-87 77,700 340 <1 2365 3 788 1 73,900 95

P t oblan t on Saes N @Y & B #  Aiwe m sepey
2-16-88 28,200 80 =1 993 4 11,200 40 15,900 56

; 4-08-88 47.700 589 12 4450 9 744 2 36,400 76

- s-02-88 115,000 179 <t 9780 8 263 <1 104.000 o1

5-11-88 60,400 65 <1 3960 7 = - 56,400 93

5-25-88 49,500 19 <1 9,180 19 - - 40,300 81

6-07-88 130,000 17 <=1 16,100 12 - - 114,000 88

s 6-22-88 284,000 105 <1 7,040 2 - = 277.000 o8

Algae blooms are classified when there are 500,000 [ I TR <
7-18-88 1,120,000 - - 18100 2 612 <1 1,100,000 98

algae cells per liter of water sroms sesoes 40 <1 o 1 T e
8-23-88 367.000 263 <1 1810 1 = = 365.000 99

9.07-88 1,160,000 -  ~ 11700 1 309 <1 1.150,000 99

9-21-88 121,000 age <1 2800 2 - = 117.000 97

10-18-88 156,000 s2s0 2 7330 4 X = 146,000 94

6-07-89 16,200 108 <1 981 6 1,850 11 12,100 74

7-11-89 123,000 544 <1 4080 3 4,080 3 112,000 91

4 2,720 3 82,100 89

Chlorophyll ais another key indicator sosse  ozeo o 1 aoe

- Present in aII autotrophs PHYTOPLANKTON POPULATION

- Wind Lake has Chlorophyll a values of 1.8 to 58 W OTHER ALGAE
1600000 |- BLUE GREEN ALGAE 3| -

E
- 2|
Productivity/Trophic Status  What does the water look like? Maximum chlorophyll 7 § §
concentration (ng/L) E!' §\ §
Oligotrophic Clear Less than 8 § §
N \
Oligo-mesotrophic Usually clear Occasionally over 8 § ) §
2 N N
Mesotrophic Sometimes green 8to25 § § §
Eutrophic Green most of summer 261075
® 5 5>88388383883888 8888282233
Hyper-eutrophic Frequent dense algal blooms Over 75 ggregedgdogrdyigegegeEycCd
353388288358 :333355358583¢%

Table adapted from: Atlas of Alberta Lakes, http://sunsite.ualberta.ca/Projects/ Alberta-Lakes
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hypolimnion will be more devoid of DO

1987 1988 1989

Anoxic conditions increase phosphorous

Figure 9. Total phosphorus concentrations 1.5 feet below lake surface at Wind, Big Muskego, and Little Muskego Lakes, 1987-89.
percentage 8

As the lake surface cools, the water increases
in density, sinks and mixes. This occurs during Field, 1991
the autumn and spring and recharges the Y

system 7-11-89 8889
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Phosphor DUS= i

Additions :

Nitrogen is in overabundance, phosphorous
is the limiting nutrient for more algae
growth (Stephen, 1991)

Phosphorous is supplied to the system
from Lake Muskego via Carp

Orthophosphate was taken up by algae and
incorporated into its cello structure

Orthophosphate released from the bottom
of lakes depleted in dissolved oxygen

'ﬁ"'ctp's://www.chesapeakebay.net/is

sues/stormwater_runoff
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Possible Solutlons Usmg
PHREEQ

* Plants, prominently cattails, absorbing P
* Co-precipitation with CaCO, by adding Ca
* Aluminum Sulphate additions

* |ron additions

| l
/ \
http://www.mtpr.org/post/cattail-
plant-thousand-uses
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Phase ** log IAP log K(279 K, 1l atm)

Anhydrite . -3.97 -4, CasSo04
Fe (CH) 3 (a) . 11.81 4. Fe (OH)3
Fluorite & -9.31 =10. CaF2
Goethite . 11.81 -0. FeCOH
Gypsum - -3.97 -4. Cas04:2H20
H2 (g) . -28.26 -3. H2
H20(q) -2. -0.00 2 H20
Halite -4. =-3.18 L NaCl
Hausmannite 0. €6. 65. Mn304
8 Hematite 26. 23. -2. Fe203
Hydroxyapatite 9. . -1. Ca5 (PO4) 3CH
: Jarosite-K 10. 5 -7. KFe3(S504)2(0H) &
8§ Manganite b1 . 35, MnOOH
Melanterite -4, . -2. Fe504:7H20
02(q) -39, . -2. 02

Calcium Carbonate in o . o e o oo

Pyrolusite -5. . 44. MnO2:H20
Sylvite -5. . 0. KC1

re | at i O n to Vivianite 3. . . Fe3 (PO4) 2:8H20
Hydroxyapatite

10CaCO, + 6HPO," + 2H,0 + 2H* --> Ca,(PO,)s(OH), +10HCO,"

* Adding calcium into the system to form
more calcite

e Calcium carbonate will combine with
hydrogen phosphate

* This produces Hydroxyapatite, effectively
takmg phospherous eut of the_syst.é'm.f-qn. e

aﬂ@e grozvth R
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—_— - 2y > o Hydroxyapatite 9.80 8.13 -1.67 Ca5(P04)30H
e 2

3.700e-05
. CaHPO4 1,343e-05  1.396e-05 -4.855 0.017
L CaP04- 1.189%e-05  9.065e-06 -5.043 -0.118
g HPO4-2 1.08le-05 3.526e-06 -5.453 -0.487
=5 FeHPO4 4.324e-07 4.494e-07 -6.347 0.017
. H2PO4- 2.090e-07  1.593e-07 -6.798 -0.118
NaHPO4- 1.644e-07  1.254e-07 -6.902 -0.118
CaH2P04+ 3.818e-08 2.91le-08 -7.536 -0.118

PHREEQ Values e s e
For Liming

Hydroxyapatite 10.65 8.98 -1.67 Ca5(P04)30H

3.700e-05
CaHPC4 1.548e-05 1.633e-05
CaP04- 1.428e-05 1.061e-05
. - H HPO4-2 €.728e-0¢ 1.964e-06
Table 1: HPO," concentration 29% ceatos e e
H2PO4- 1.195e-07 8.875e-08
NaHPO4- 9.331e-08 €.931e-08
t)l ) 0 CaH2PO4+ 4.584e-08 3.405e-08
- - KHPO4- 8.10€e-09 €.021e-09
Table 2: HPO," concentration 18% aeod B-loge0s  s02ie0

it

Table 3: HPO, " concentration.24% - : —— Ca at 138 pr e .

— - —
i

P e ——— B Hydroxyapatite 11.07 Ca$ (PO4) 30H

w - -
= - .

« - o . = L

3.700e-05

CaHPO4 1.801le-05
CaP0C4- 1.540e-05
HPO4-2 5.210e-06
FeHPO4 1.661le-07
H2PO4- 8.561e-08
NaHPO4- 6.627e-08
CaH2PO4+ 4.944e-08
KHPO4- 5.671e-09
PO4-3 4.571e-09
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Plant Biota Ccmtrolllng
Phosphorous Levels
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* Nature has its own system of regulators, Thick clay soil column due to water saturation

cattails take in P through sorption

|

* Graphic 2 trapped more total dissolved
solids and nitrogen, and it exported less P
from runoff

* More light penetration allowed for moss to
grow

* Thinner soil column resulted in less clay
which increased P removal

* Nutrients were leached in graphic 1

* Resulted in a net export of phosphorous

\ 'y
LN N | k‘ ‘_
i* N f‘\“‘f\“‘ A I8 ¢
\ ‘ A0

Thin soil column due to dlverse vegetatlon

/7,“ /’7,1\ \ /’r/i‘\\ .




A natural solution that doesn't harm the
environment

Cattails remove phosphorous from the
system without causing pollution

The limiting factor for cattail growth is
phosphorus, as they take in P their biomass
is drastically increased

Once biomass is increased the plant requires
more to sustain itself

Phosphorus (% as dry

biomass)

0.20
0.15
0.10
0.05
0.00

B Maximum
" Median

Minimum

=

Summer

Fall

Winter Spring
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Phosphorous Removal

Through Aluminum
Sulphate Al,(SO,),

R

When Aluminum Sulphate reacts with water
it forms Alum

Alum is a coagulant commonly used in
water treatment plants to clarify drinking
water

Alum disrupts the nitrogen cycle and
internal loading of phosphorous from
sediments

Upon contact with water Alum will form
Aluminum Hydroxide, commonly called
"floc"

This then dissociates to form trivalent Al3*ions and
becomes hydrated with water

The species then undergoes a series of rapid hydrolytic
reactions to form Al(OH), precipitate




= | 21 (0) 3 (a) 2.
AI(OH)zHPO4' was not X o : , . Sy s G
. . 10 ppATof- 3.7002-05
found in any of the T = AT pp g > CaHPO4 1.3992-05  1.456e-05 -4.854
PHREEQ databases. To S : ; u_mln_u_m . HPO4-2 1.164e-05  3,758=-06 -4,934
' S CaPO4- 9.666e-06 7.350e-06  -5.015
use this compound . FeHPO4 1.162e-06 1.209e-06  -5.935
info i ded 2 — 2.829e-07 2.151e-07 .548
more INTO IS needed.
11 (0H) 3 (a) 2
20ppmof B 3.700e-05
. = . 2— . e— -4,
CaHPO4 1.390e-05  1.449e-05 4.857
Aluminum HPO4-2 1.1752-05  3.752e-06 -4.930
CaPO4- 9.644e-06 7.315e-06  -5.01&
Table 1: HPO, 2 concentration 31.5% 1.160=-06  1.208=-06 93¢
: Al (OH) 3 (a) 2
Table 2: HPO, > concentration 31.7%
3.700e-05
_ 30 ppm of CaHPO4 1.382e-05  1.442e-05  -4.860
Table 3: HPO4'2 concentration 32% Aluminum HPO4-2 1.186e-05  3.746e-06  -4.926
CaPO4- 9.622e-06 7.280e-06  -5.017
FeHPC4 1.158e-06 1.208e-06  -5.936
Table 4: HPO, 2 concentration 32.4% il .
Al (OH) 3 (a) 2.
P © 3.700e-05
= 40.ppm Of 1.374e-05 1.435e-05  -4.862
- """“'Afumiﬁu Y 1.196=-05  3.74le-06 -4.922
e = 9.60le-06 7.247e-06  -5.018
R e 1.156e—-06 1.207e-06  -5.937
A 2.837e-07  2.142e-07

e

-4,
-5.
-5.
-5.
—-@.

.36

-4,
-5.
-5.
-5.

.54

-4.
-5.
-5.
-5.
-6.

(19

-4,
-3.
-5.
-5.

14.

837
425
134
817
L1

14

839
426
136
o918

14.

841
4zZe
138
gls
(3]

22 12.1e RL(CH)3

0.017 (0}
-0.491 8.22
-0.119 (0}
0.017 (0}
-0.119 34,05

.52 12.1e AR1(0CH)3

0.018 (0}
-0.496 2.25
-0.120 (0}

0.018 (0}

T0 12.1e RL(CH)3

0.018 [0}
-0.500 8.27
-0.121 (0}

0.018 (0}
-0.121 34.07

14.82 12.16 RL(OH)3

0.0l8 (0}
-0.505 8.29
-0.122 (0}

0.018% (0}




= e T e =7 FerricIron: Fe,(SO,)*gH,0 + 2P0, 3 > 2FePO, + 350, + gH,0
- < . : ";_._-‘_ ;:-:-r =
Phosphorous Removal™ =« ~ s s
Through Iron . =,
+ There are two types of iron sulphate used to e g
remove phosphorous, ferric iron and ferrous
iron

F Iron: 3FeSO,*7H,0 + 2P0, 3 - Fe, (PO SO,2+7H.,0
* Both compounds react with dissolved SITOUsIron: 3res, 7MY+ 2P, &(PO,).+350,7 +7H,

phosphate to form unique mineral
precipitates

* Iron Chloride is similarly used for
phosphorous removal creating ferric
phosphate

https://www.minfind.com/mineral

581259 hth-__
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Effect of pH on % Phosphate removal

1) Treatment with either ferrous or - with Ferric & Ferrous sulfate
ferric sulfate

w0 O O
£ 0

2) Precipitation of ferrous or ferric
phosphate

w0 w
(=T %

% Phosphate removal
= e]

o

3) Settling of the precipitate

The product must settle out or the
water will become turbid and useless

Is most optimal.in apH range from |
150 -




4,81
“ E VL_"\' 1‘ =
s 3.700e-05
-14ppm Ofn ¥ 1.408e-05 1.463e-05 -4,852 -4,835 0.017 (o)
At p|—| Of 8_5 lron (value < HEC4-2 1.153e-05  3.764e-06 —-4,938 -5.424 —0.486 .20
: CaPO4- 9.688s-06 T.387e-06 -5.014 -5.132 -0.118 (o)
from art|c|e) FeHEQ4 1.164e-06 1.210e-06 -5.934 -5.917 0.017 )]
: HZPC4- 2.826e-07  2.155e-07 -6.549 -6.667 -0.118 34,04
Table 1: HPO, s . S ——
1 (0)
concentration 31A’ Vivianite 5,592 -30.08 -36.00 Fe3(P04)2:8H20
Table 2: HPO -2 34ppmoflron g 3.7002-05
St 1.343s-05  1.397e=-05 -4,872 -4,855 0.017 (o)
concentration 299% HPO4-2 1.1082-05 3.5952-06 -4.956 —-5.444 -0.489 g.21
CaPC4- 9.260e-06 7.051le-06 -5.033 -5.152 -0.118 (o)
FeHEO4 2.703e-06 2.851le-06 -5.568 -5.551 0.017 (o)
. 2.703e-07  2.058e-07 -6.568 -6.687 -0.118 34,04
Table 3: HPO,
concentration 34.5%
Vivianite 5.34 -30.66 -36.00 Fe3(P04)2:8H20
Ideal: HPO,? concentration
I 44ppm of Iron B 3.700e-05
11.5%) HPO4-2 1.280e-05  3.86le-06 -4,893 -5.413 -0.521 8.37
CaHPO4 1.1642-05  1.2222-05 4,934 -4,913 0.021 (o)
CaP04- 1.0602-05  7.9342-06 4,975 -5.100 -0.126 (o)
FeHPO4 1.4802-06 1.553=-06 -5.830 -5.809 0.021 (o)
% efficiency Fe*? dose (ppm) Fe/TP ‘,l\\lei\thl*ifg, 2013. 2.331e-07 1.?45e0? —5.532 _ -6.758 -0.126 34.10
g b - — 2 e
95 7.5 42 - S ’
2 Vivianite 7.23 -28.77 -36.00 Fe3(P04)2:8H20
95.6 120 6.6 , el T TR TN
P 3.700e-05
08 2.4 12.4 FeHPO4 2.418e-05  2.534e-05 -4,617 -4,596 0.020 (0)
CaHPO4 4,5922—06  4.8132-06 -5,338 -5.318 0.020 (9)
HPC4-2 4,248e—06 1.2598e-06 5,372 -5.887 -0.515 8.33
FeHZPO4+ 2.433=-06 1.826=-06 -5.614 -5.738 -0.124 (o)
HZPO4- 9.89%9e-07  7.432e-07 -6.004 -6.129 -0.124 34,10

{ Vivianite

(7

"

-31.1% -36.00 Fe3(P0O4)2:8HZ0
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Treatments for Lake Wind

Recommendations:

- Cattail Swales

- Liming Which Increases pH and Precipitates Hydroxyapatite
- Ferrous Iron Sulfate Treatment Would Not Be Viable

- Nets to Prevent Carp Mlg‘_,tlomfrom L@ke I\/Iuskego -

- ‘__ -
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