








(Figure 18), but more so in Reservoir water. The initial SRP concentration in the Reservoir water
was 24.4 pug P/L and ~50 pg P/L in BGll5y growth medium; the additional P introduced with the
M. aeruginosa inoculum only increased background SRP concentrations to ~25 p P/L in the
Reservoir waters. Background SRP concentrations were effectively unchanged in the BG115,
growth medium, because the introduced inoculum contained the same concentration of SRP as

the fresh growth medium (i.e. 50 pg P/L) (Appendix C).

(b)

Reservoir water + sediment Reservoir water, no sediment

(c) (d)

BG115, growth medium + sediment BG115, growth medium, no sediment

Figure 16: M. aeruginsoa growth on Day 14 in Reservoir water with (a) and without sediment (b),
and in BGllsy growth medium with (c) and without (d) sediment. Note the two flask sizes (50mL
and 250 mL) will have different surface: volume ratios

Consistent with the observed changes in M. aeruginosa growth between flasks with and without
sediment around Day 14, the stationary growth phase of M. aeruginosa began earlier—between
Day 8 and Day 14—in flasks without sediment, whereas it began approximately 1-3 weeks later,

on Day 21 in Reservoir water and on Day 35 in BG115, growth medium. These observations are
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consistent with nutrient limitation (Scherfig et al., 1973; Hallegraeff, 1993; Ledo et al., 2009;
Dang et al., 2012; Edwards et al., 2012; Whitton, 2012) in absence of the sediment. Notably,
M. aeruginosa growth did not appear to vary between the surface:volume ratios (i.e., different
flask sizes) investigated, regardless of suspension fluid. It should be noted that while these
experiments confirm that SRP desorbed from Reservoir sediment can enhance the proliferation of
M. aeruginosa in Reservoir water and other media, the intention of these experiments was not to

mimic the onset of a bloom.
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Figure 17: Comparison of M. aeruginosa growth in Reservoir water with and without sediment in
25 and 50 mL of solution
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Figure 18: Comparison of M. aeruginosa growth in BG115y medium with and without sediment
in 25 and 50 mL of solution
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Notably, the final SRP in solution was highest in flasks that contained sediment. It was also
lower than the initial SRP in all treatments except for the system with Reservoir water containing
sediment. The decreases in SRP were attributable to CB uptake. In the system with Reservoir
water and sediment, increases in SRP were attributable to P desorption from the sediment, as had
been demonstrated previously in sorption tests with sediment. Specifically, P desorbed from the
sediment in both ultrapure (Figure 9) and Reservoir water (Figure 10) at solution SRP
concentrations less than 104 and 82 ug P/L, respectively. During the present experiment, the
initial SRP concentration in Reservoir water (with the additional SRP from inoculum) was
~25 pg P/L and the final SRP concentrations were 498 and 428 pg P/L in the respective 25 mL
and 50 mL of Reservoir water and sediment flasks, thereby indicating substantial release of P to
the water column from the Reservoir sediment. Although M. aeruginosa growth was declining
toward the end of the experiments, the primary source of the increased concentrations of solution
SRP was from desorption from the Reservoir sediment, rather than CB death because the pairs of

flasks had similar final SRP concentrations, but somewhat different cell counts (Figure 19).
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Figure 19: Relationship between final M. aeruginosa cell counts and final SRP levels in
Reservoir water with and without sediment, and BG115, growth medium with and without
sediment on Day 35
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4.2.2 Addition of Ferric Chloride to Sediment and Reservoir Water

To investigate the impacts of P limitation on CB growth, proof-of-concept experiments were
conducted. In these experiments, M. aeruginosa were grown in Reservoir water containing
sediment from Cell 3 in the Reservoir; several doses of FeCl; were applied and M. aeruginosa
growth was evaluated. It must be noted that these experiments were conducted with higher initial
concentrations of M. aeruginosa cells (~10° cells/mL), which may be considered a bloom
(Hitzfeld et al., 2000; Svrcek & Smith, 2004)—or a moderate risk level requiring diligence (WHO,
1999). Thus, the experiments were not representative of a situation in which FeCl; application in
an engineered drinking water supply reservoir might prevent a CB bloom, but rather, they were
representative of a challenging scenario in which a high concentration of CB entering from the

river might be treated.

The experiments were conducted at higher cell densities for several reasons: 1) experimental
limitations associated with culturing and growing M. aeruginosa (i.e. need for higher cell
concentrations); 2) the reduced experiment time from competition for nutrients; and 3) historical

data showing elevated cell counts entering the Reservoir (~5 x 10°) (Table 9).

M. aeruginosa cell growth at bloom conditions in reservoir water containing sediment from
Reservoir Cell 3 was investigated. FeCl; was added at concentrations of 200, 300, and 400 mg/L.
As demonstrated in Figure 20 (and Table 16), although the FeCl; amendments on Day 0 reduced
the initial SRP concentrations from ~52 pg P/L to ~7, ~3, and ~2 pg P/L, respectively,
M. aeruginosa cell growth continued, potentially enabled by internal stores of P (Thompson et al.,

1994; Reynolds & Davies, 2001; Vahtera et al., 2007; Breu et al., 2008; Havens, 2008).

Notably, the reductions in SRP were well below the water quality guidelines of 30 pug/L (of TP)
that are generally believed to prohibit growth of nuisance CB (CCME, 2004). Although
substantial reductions in cell growth were not observed upon FeCl; addition, it is worth noting
that cell growth was generally and consistently lower at higher applied FeCl; concentrations
(Figure 20), thereby suggesting that some inhibition of M. aeruginosa cell growth was achieved.
These results offer promise for preventing M. aeruginosa cell growth from reaching bloom

conditions by decreasing P availability.

At the end of the experimental time period, cell counts were similar between treatments and

controls; despite this, Day 18 dry weight biomass decreased as FeCl; dose increased (Figure 22b).
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The decrease in biomass was not linearly related to cell counts (Figure 22a), and it was observed
that cell size was generally smaller in the treatments, although quite variable (Figure 21). While
this decrease in mass in the FeCl; treatments might be attributable to reduced cell size, variability
in cell size measurements (Table 17) and temporal variability in cell size precluded a conclusive

assessment.

The average specific growth rates (Table 16) for the control were well within the range observed
in the culture stock grown in unmodified medium (Figure 8); and these controls were considered

to be growing “normally.”
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Figure 20: Relationship between M. aeruginosa growth and SRP levels in Reservoir water with
sediment as a function of higher doses of FeCl;. Note treatment means = 1 SD (n = 3) for cell
growth are plotted on the primary Y-axis; SRP levels are plotted on the secondary Y-axis
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Table 16: SRP concentrations and average growth rates of M. aeruginosa in response to higher
doses of FeCl; in Reservoir water with sediment

1 Average Average
F;C/li) P (ug/l) growth ra%e (n) growth ra%e (n)
& Day0>  Dayl0  Dayl4  Dayl8 Day 7 Day 14
0 100.00 6.54 5.03 15.63 0.254 0.193
200 6.21 3.23 3.65 14.19 0.384 0.268
300 2.44 3.67 5.98 10.82 0.286 0.212
400 1.95 2.95 12.30 11.57 0.340 0.232

"'Background Reservoir water SRP = 52.20 pg/L (prior to sediment addition)
? Day 0 SRP values collected 18 hours after sediment additon and FeCl; amendments, and prior to
inoculum (Reservoir water had 18 hours contact time with sediment)

Table 17: M. aeruginosa cell size comparison after 14 days exposure to higher FeCl; doses.
Reported values are the mean of 3 or 4 cell measurements per treatment

Diameter
FeCl; (mg/L) (um)
0 5.14
200 5.68
300 4.97
400 5.26

Figure 21: Photo of variable cell sizes of M. aeruginosa in FeCl; (400 mg/L) under an optical
microscope at high magnification (x400). Photo taken on Aug 25, 2015
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4.2.3 Addition of Ferric Chloride to Reservoir Water in the Absence of Sediment

M. aeruginosa cell growth at bloom conditions in reservoir water in absence of sediment also was
investigated. FeCl; was added at concentrations of 100 and 200 mg/L. As demonstrated in
Figure 23 (and Table 18), both FeCl; amendments on Day 0 reduced the initial SRP
concentrations from ~74 ug P/L to ~1 pg P/L. Notably, FeCl; addition significantly decreased

M. aeruginosa cell growth relative to the controls (Figure 23).

Because there was no sediment in this experiment (and no FeCl; in the controls), M. aeruginosa
uptake was solely responsible for the large decrease in SRP in the control. Analogously, the lack
of substantial increase in cell concentration in the treatments suggested that FeCl; coagulation can
be useful for limiting the growth of CB such as M. aeruginosa in municipally and agriculturally

impacted reservoir water.
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The average specific growth rate (Table 18) on Day 6 for the control was well within the range
observed in the culture stock grown in unmodified medium (Figure 8) for the same time period.
The average specific growth rate for the controls on Day 14 was 0.075/day; this rate was slightly
lower than the culture stock growth rate for Day 14 (0.109/day); however, the controls still
appeared healthy.

Table 18: SRP concentrations and average growth rates of M. aeruginosa in response to moderate
doses of FeCl; in Reservoir water (in the absence of sediment)

Average Average
FeCl; P (ug/l)! growth raftge (n) growth ra%e (n)
(mg/L) Day 0 Day 6 Day 14 Day 6 Day 14
0 74.40 Not sampled 2.37 0.125 0.075
100 0.99 3.58 2.34 -0.074 -0.017
200 1.07 0.51 6.51 -0.114 -0.061

" Background Reservoir water (SRP = 105.80 pg/L) mixed with sediment and acclimated for 2
months on the benchtop. Sediment was then removed. The resulting P was 74.40 pg/L

? Day 0 SRP values collected 18 hours after FeCl; amendments, and prior to inoculum (Reservoir
water had 18 hours contact time with sediment)

Consistent with the experiments conducted with sediment, M. aeruginosa cell sizes were variable,
but relatively small in the treatments. Dry weight biomass decreased as FeCl; dose increased
(Figure 24b). The decrease in bionass was not linearly related to cell counts (Figure 24a), and it
was observed that cell size was generally smaller in the treatments, although quite variable.

While this decrease in mass in the FeCl; treatments might be attributable to reduced cell size,
variability in cell size measurements and temporal variability in cell size precluded a conclusive

assessment.
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Chapter 5 Conclusions

This research was conducted to understand the sediment-bound P loads in an engineered drinking

water reservoir and the importance of SRP released from fine sediment in enabling M. aeruginosa

growth; and to evaluate the utility of FeCl; in sequestering the SRP to limit it’s availability in the

water column and to limit the SRP such that M. aeruginosa does not proliferate. Key conclusions

of this research are listed below.

5.1 Sorption experiments

Sediment is partitioned in multi-cell engineered drinking water supply reservoirs. Sediment
chlorite levels were highest in Cell 4 (i.e., the cell furthest from the reservoir inlet). These P-
sorbing metal oxy-hydroxides are capable of releasing large amounts of P.

Internal loading and subsequent release of P can be significant in engineered drinking water
supply reservoirs.

P release from engineered drinking water supply reservoir sediment could be minimized by
FeCl; addition at doses typical of DWTP’s (i.e. ~25 mg/L).

P loading in the study Reservoir does not appear to substantially vary from year to year.

FeCl; application is more effective for reducing SRP in absence of sediment, as would be
expected. Thus, removing sediment from all Reservoir cells annually may maximize P
sequestration by application of FeCl; within engineered drinking water supply reservoirs.

The timing of FeCl; application is important (i.e., the dosing and mixing protocol matters
during bench-scale evaluation). FeCl; efficiency declined when applied prior to agitation and
equilibration of sediment within the water matrix.

Chemical precipitation of phosphorus appeared to be the main mechanism of P sequestration

in the engineered drinking water supply reservoir, as would be expected.

5.2 Controlling Growth of M. aeruginosa

M. aeruginosa growth experiments in Reservoir water confirm that CB growth can be
inhibited when P is sequestered; particularly when previously deposited sediment has been
removed from the system. The starting inoculum concentration used for these experiments is
near or at bloom concentrations and represents the ability for FeCl; treatments to control

growth under challenging conditions. Further work should be completed to examine non-
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bloom inoculum concentrations and optimization of the FeCl; concentrations required for
sequestration of P.

Nutrient limitation for M. aeruginosa cells during the moderate and higher doses of FeCl; in
sediment tests demonstrated that cell size (biomass) was negatively impacted. Additional
work should be carried out to quantify cell size under nutrient-limited conditions
Sequestration of P does not necessarily inhibit M. aeruginosa growth immediately. More
research is needed to investigate if internal P stores within cells are sufficient for blooms to

occur. The biomass and cell size data suggest that this is unlikely.
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Chapter 6 Implications and Recommendations

The results of these M. aeruginosa growth experiments coupled with the sorption studies have
implications for optimizing the use of a coagulant in drinking water supply reservoirs to control

CB growth. The following recommendations are based on findings in this current study:

* Consideration must be given to when and where the coagulant is applied to ensure that rapid
mixing allows for binding and precipitation of P.

* FeCl; addition requires a feed system, storage and monitoring; and increased sedimentation
will require more frequent sediment removal. It is likely that these benefits, in combination
with the likely reductions in in plant coagulant dose requirements, would outweigh the costs
associated with the potential risk of CB blooms and potential toxin release.

* The removal of sediment from a drinking water supply reservoir (e.g., annually) increases the
probability that P sequestration with FeCl; (or other coagulants) will be effective at low
coagulant doses.

* CB initially/primarily utilize dissolved P, but can revert to other sources of P. CB are less
likely to bloom at such conditions. Nonetheless, when attempting to control CB growth in
reservoirs, a reduction in TP levels should be targeted as well.

* Predicting CB density based on current P levels is problematic in that there is often a delay in
growth in relation to P levels. In a reservoir, monitoring P levels in continually flowing water
will not capture spikes in P that CB can rapidly consume prior to monitoring and/or analytical
detection.

* Cell counts only partially describe CB growth behaviour. While cell counts remained
consistent for FeCl; treatments, biomass decreased and is likely associated with observations
of decreased cell size.

* The impact of biomass should be investigated to determine if there are mitigated or increased
health risks when M. aeruginosa employ compensation strategies (i.e. does toxicity decrease

or increase when cells are smaller because of nutrient limitation).
Several considerations and suggestions for future research include:

¢ The reservoir contains approx. 1920 m’ of sediment in total, and a bulk water volume of
148000 m’; this ratio is equivalent to 0.09 g dry sediment per 25 mL of water. (Appendix B).

The experiments were conducted using a ratio of 0.25 g sediment per 25 mL of water, so the
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sorption experiments and M. aeruginosa assays were conducted using higher sediment loads
that would be found in the reservoir. Future testing should involve more realistic sediment-
water ratios.

More rapid and/or robust techniques for biomass quantification should be evaluated. The use
of fluorescent probes is an option for determining biomass in addition to cell numbers.
Dissolved P levels need to be reduced below the threshold at which CB experience P-
limitation, and this threshold is site specific; this may be less than 30 pg TP/L, and some
suggest less than 10 pg/L to prevent blooms (WHO, 1999). Accordingly, additional work
should examine the need to drop P levels below this threshold.

Tests with lower inoculum concentrations should be conducted to determine if there is any

significant difference in effectiveness of FeCl; on CB growth.
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The following tables provide a summary of the various nutrient levels and water quality

parameters on select dates during the M. aeruginosa test at high FeCl; doses.

N and P ratios are an important consideration when determining nutrient levels. Based on the

results in Table A1, N is not considered a limiting factor.

Table Al: N and P concentrations and ratios during M. aeruginosa test at high FeCl; doses

Nutrient (l;fgc/;j) Day 0 Day 10 Day 14 Day 18
0 100.00 6.54 5.03 15.63

PO, 200 6.21 3.23 3.65 14.19
(ng/L) 300 2.44 3.67 5.98 10.82
400 1.95 2.95 12.30 11.57

0 1.05 0.07 0.05 0.16

P 200 0.07 0.03 0.04 0.15

(umol/L) 300 0.03 0.04 0.06 0.11
400 0.02 0.03 0.13 0.12

0 2.90 3.40 0.20 0.47

NOZ -N 200 3.40 2.90 1.80 0.10

(mg/L) 300 2.70 3.70 2.65 0.63
400 3.00 3.00 5.60 0.90

0 207.00 242.68 14.28 33.31

N 200 242.68 207.00 128.48 7.14
(umol/L) 300 192.72 264.10 189.15 4521
400 214.13 214.13 399.71 64.24

0 197 3524 270 202

N- P ratio 200 3711 6086 3343 48

300 7501 6834 3004 397

400 10429 6894 3086 527
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Table A2: DO concentrations during M. aeruginosa test at high FeCl; doses

Solution DO Sediment interface

Day FeCl; (mg/L) (mg/L) DO (mg/L) pH
0 5.95 - 7.15
. 200 6.49 - 6.92
300 6.60 - 6.87
400 7.43 - 6.55
0 8.01 8.01 -
. 200 7.93 7.13 -
300 7.77 8.22 -
400 7.67 7.17 -
0 7.81 7.81 -
200 7.51 7.32 -
> 300 8.09 7.37 -
400 7.58 7.55 -

*Day 0: DO and pH levels measured 18 hrs after FeCls application but before inoculation

Table A3: Initial pH values of M. aeruginosa tests

Media type FeCl; (mg/L) pH* Avg. pH
Regervmr water and 0,525 736 736
sediment

7.65
Regervmr water and 0. 50, 100 753 760
sediment
7.62
Reservoir water and 0, 200, 300, 400 7.74 7.74
sediment
7.20
Reservoir water 0, 100, 200 7.00 7.10
7.10

*pH obtained after sediment and water were mixed but prior to FeCl; application and inoculum
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Table B1: Mastersizer particle size distribution results from 2014

Reservoir S = south. Percentage of grains below a given diameter
Cell F = far <0lpum <02um <03pm <O05pum <1pum <2 pum

laS 0 0 0 0.16 1.48 3.08

IbS 0 0 0 0.17 1.49 3.14

IcS 0 0 0 0.19 1.73 3.75

: laF 0 0 0 0.21 2.04 4.66
IbF 0 0 0 0.19 1.73 3.75

IcF 0 0 0 0.22 1.96 4.30

avg 0 0 0 0.19 1.74 3.78

2a 0 0 0 0.22 1.95 4.15

2 2b 0 0 0 0.19 1.76 3.72
2c 0 0 0 0.30 2.01 4.09

avg 0 0 0 0.24 1.91 3.99

3a 0 0 0 0.17 1.53 3.13

3 3b 0 0 0 0.2 1.79 3.75
3c 0 0 0 0.21 1.88 3.96

avg 0 0 0 0.19 1.73 3.61

4a 0 0 0 0.19 1.7 3.61

4 4b 0 0 0 0.22 1.83 3.84
4c 0 0 0 0.18 1.63 3.43

avg 0 0 0 0.20 1.72 3.63

88



Reservoir S = south.

Cell F = far

Percentage of grains at a specific diameter (diameter at
which X % of a sample is comprised)

Specific surface

arca
2

10% 50% 80% 90% m/g

laS 5.95 27.86 70.80 125.67 0.543

1bS 5.95 29.62 80.77 190.06 0.535

lIcS 5.01 24.24 58.61 94.83 0.621

: laF 3.95 19.99 53.43 94.28 0.732
IbF 4.92 24.10 62.96 109.67 0.624

lIcF 4.39 23.06 65.29 120.83 0.674

avg 5.03 24.81 65.31 122.56 0.622

2a 4.50 19.95 48.70 84.21 0.694

2 2b 4.93 21.26 53.33 98.19 0.646
2c 4.76 22.21 54.93 96.05 0.670

avg 4.73 21.14 52.32 92.82 0.670

3a 5.74 25.11 58.75 98.14 0.569

3 3b 4.96 22.66 53.03 85.82 0.638
3c 4.71 21.6 50.1 79.16 0.665

avg 5.14 23.12 53.96 87.71 0.624

4a 5.11 25.48 63.23 112.76 0.604

4 4b 4.97 25.5 63.14 110.67 0.621
4c 5.41 26.24 64.19 110.82 0.583

avg 5.16 25.74 63.52 111.42 0.603
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Table B2: Reservoir sediment calculations

beaker wet mass  dry mass netwetwt netdry wt = Wet: dry
mass (g)  (g) () () () ratio
beaker A 30.76 43.09 33.79 12.33 3.03 4.07
beaker B 31.52 42.00 34.04 10.48 2.52 4.16
avg (g) 11.41 2.78 4.11
avg (kg) 0.0114 0.0028
HVR volume HVR volume water
sediment present present (m’)
Cell Vol (m%)
1 456
2 504
3 504
4 456
Total 1920 Total 148000

50mL beakers packed with 10 mL sediment and 0.5 mm standing water
¢ 10ml=0.01 L =0.00001 m’

Density of experiment wet sediment
* density (avg net wet wt (kg) / 0.00001m® = 1140.5 kg/m’
s 1140.5 kg/m’ = g/L = mg/mL

Sediment — volume fraction in HVR to bulk water
e 148000 m*/1920 m*=0.013 m*/ m*
e 0.013m’=L/L =mL/mL

For experimental equivalency to HVR (using 12 x 50 mL flasks), required amounts are:
* 600 mL HVR water (12 x 25mL)
e 7.78 mL wet sediment (600 mL x 0.013 mL/mL sediment-volume fraction)
* 8877.41 mg wet sediment (7.78 mL wet sediment x 1140.5 mg/mL density)
* 2160.00 mg dry sediment (8877.41 mg wet / 4.11 ratio wet: dry)
e 2.16 g dry sediment

Based on isotherm/sorption experiments, required amounts are:
e 25 mL HVR water
* 0.32 mL wet sediment
* 369.89 mg wet sediment
* 90.00 mg dry sediment
* 0.09 g dry sediment
o 0.25 g of sediment were used in testing, therefore sorption tests were conducted
under 2.7 x more sediment than natural systems.
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Equation C1 describes the calculations to determine the initial concentration of P in the M.
aeruginosa screening tests, taking into account the various sources of P including the inoculum,
background water, and corresponding volumes of each:

[Ptest]Viest = [PinnoclVinnoc + [PavrlVavr Equation C1

Where:
Pt = concentration of P in the test unit immediately after inoculation
Vst = volume of test water (including inoculum and Reservoir water starting volume)
P;innoc = concentration of P in the inoculum culture
Vinnoe = volume of inoculum added to the Reservoir water starting volume
Preservoir = concentration of P in the raw Reservoir water
VReservoir = Volume of raw Reservoir water starting volume for the test unit

Table C1: Concentration of P introduced with inoculum shows the initial concentration of P in the
M. aeruginosa Screening tests. Based on these results, it was assumed that approx. 0.05 pg/L of

P was introduced in each test vessel for the remainder of this study.

Table C1: Concentration of P introduced with inoculum

Ptest Pinnoc culture Vinnoc PReservoir water VReservoir water Vtest
(ng/L) (ng/L) L) (ng/L) L) L)
25.38 50.00 0.001 24.40 0.025 0.026
50.00 50.00 0.001 50.00 0.025 0.026
Mass Pinnoc Mass PReservoir water % P

(ng/L) (ng/L) introduced

0.05 0.61 3.88

0.05 1.25 0.00
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Table C2: M. aeruginosa growth screening test cell count data

Test Day 0 Day 2 Day 4 Day 8 Day 14 Day 21 Day 28 Day 35
Average of three (3) haemocytometer counts (cells/mL)
25 mL Reservoir water w/sediment 4.01E+06 3.73E+06 4.83E+06 8.15E+06 2.54E+07 3.86E+07 2.87E+07 4.67E+06
50 mL Reservoir water w/sediment 3.50E+06 3.65E+06 5.74E+06 7.45E+06 2.24E+07 4.15E+07 3.99E+07 3.07E+07
25 mL Reservoir water no sed 3.46E+06 5.33E+06 6.56E+06 7.73E+06 8.55E+06 5.12E+06 4.99E+06 4.73E+06
50 mL Reservoir water no sed 3.38E+06 4.50E+06 6.49E+06 9.35E+06 8.10E+06 6.49E+06 5.29E+06 4.80E+06
25 mL BG11(modified) w/sediment 3.28E+06 2.36E+06 4.63E+06 5.67E+06 2.38E+07 4.34E+07 6.85E+07 7.68E+07
50 mL BG11(modified) w/sediment 3.79E+06 4.25E+06 5.29E+06 7.60E+06 1.91E+07 4.64E+07 6.15E+07 6.78E+07
25 mL BG11(modified) no sed 3.59E+06 4.25E+06 6.93E+06 8.60E+06 1.46E+07 1.43E+07 1.65E+07 1.24E+07
50 mL BG11(modified) no sed 3.74E+06 4.43E+06 6.08E+06 9.47E+06 1.47E+07 1.47E+07 1.52E+07 1.33E+07
Log cells (cells/mL)
25 mL Reservoir water w/sediment 6.60 6.57 6.68 6.91 7.41 7.59 7.46 6.67
50 mL Reservoir water w/sediment 6.54 6.56 6.76 6.87 7.35 7.62 7.60 7.49
25 mL Reservoir water no sed 6.54 6.73 6.82 6.89 6.93 6.71 6.70 6.67
50 mL Reservoir water no sed 6.53 6.65 6.81 6.97 6.91 6.81 6.72 6.68
25 mL BG11(modified) w/sediment 6.52 6.37 6.67 6.75 7.38 7.64 7.84 7.89
50 mL BG11(modified) w/sediment 6.58 6.63 6.72 6.88 7.28 7.67 7.79 7.83
25 mL BG11(modified) no sed 6.56 6.63 6.84 6.93 7.17 7.15 7.22 7.09
50 mL BG11(modified) no sed 6.57 6.65 6.78 6.98 7.17 7.17 7.18 7.12
% difference reservoir water
(sediment vs. non sediment) 1 2 2 1 7 12 12 11
% difference BG11(modified) 1 4 3 3 3 7 8 10

(sediment vs. non sediment)
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All analysis was conducted using the mean cell count of three (3) replicates in log cells/mL.

Equation C2 describes the % difference in growth between flasks of similar solution with and
without sediment in the screening tests (note only 2 flasks per treatment)

max — min

% dif ference = ( ) * 100 Equation C2

max
Where:
max = log cell count on a given day (use highest cell count)
min = log cell count on a given day (use lowest cell count)

Equation C3 describes the calculations to determine the yield at the end of a test:

yield = initial — final Equation C3
Where:
yield = change in population density at the end of a test,
initial = mean cell count on Day 0 after inoculation; and,
final = mean cell count at end of test.

The average specific growth rate was calculated using the following equation:

_ Imn(X2/X)  Equation 4
t2—t1
Where:

X is the initial raw cell count (cells/mL) and X, is cell count at test end; and
t is the time interval in days.

The coefficient of variation represents the variability within a data set, or within the triplicate cell
counts, and was calculated using the following equation:

StDev
Avg

Equation 5

%CV=( >X100

Where:
CV is the % coefficient of variation (or relative standard deviation, RSD)
StDev is the standard variation around the mean; and,
Avg is the mean of triplicate log-cell counts.

Cell counts, expressed as logarithmic cell numbers/L, were used to determine % inhibition of
control, and average growth rate. The % inhibition of control was calculated using the following
equation:

R.—R i
I :( c >><100 Equation 6
Rc
Where:

I is the % inhibition of growth for each treatment; and
Rc and R are the mean cell count (log counts) of the control, and of each treatment,
respectively.
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Table C3: Cell count data and precision at higher doses of FeCls

FeCl; = 0 mg/L (Control)

Rep Day 0 Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 Day 8 Day 9 Day 10 Day 14  Day 18

Average of three (3) haemocytometer counts (cells/mL)

1 1.54E+06 2.26E+06 2.63E+06 3.06E+06 4.47E+06 5.73E+06 7.67E+06 1.08E+07 1.48E+07 1.92E+07 2.31E+07 3.31E+07 3.51E+07
2 2.28E+06 2.92E+06 3.17E+06 3.63E+06 5.49E+06 7.99E+06 1.10E+07 1.37E+07 1.81E+07 1.78E+07 2.45E+07 3.15E+07 3.94E+07
3 2.51E+06 3.02E+06 2.77E+06 3.19E+06 4.27E+06 6.97E+06 8.21E+06 1.29E+07 1.42E+07 1.89E+07 2.32E+07 2.97E+07 3.86E+07

Log cells (cells/mL)

1 6.19 6.35 6.42 6.49 6.65 6.76 6.88 7.03 7.17 7.28 7.36 7.52 7.55
2 6.36 6.47 6.50 6.56 6.74 6.90 7.04 7.14 7.26 7.25 7.39 7.50 7.60
3 6.40 6.48 6.44 6.50 6.63 6.84 6.91 7.11 7.15 7.28 7.36 7.47 7.59
Avg 6.31 6.43 6.45 6.52 6.67 6.83 6.95 7.09 7.19 7.27 7.37 7.50 7.58
StDev  0.11 0.07 0.04 0.04 0.06 0.07 0.08 0.05 0.06 0.02 0.01 0.02 0.03
%CV  1.77 1.07 0.65 0.59 0.87 1.06 1.20 0.76 0.78 0.24 0.20 0.31 0.35
Yield -1.26

Average specific growth rate (Day 7) 0.254
Average specific growth rate (Day 14) 0.193
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FeCl; =200 mg/L

Rep Day 0 Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 Day 8 Day 9 Day 10 Day 14  Day 18

Average of three (3) haemocytometer counts (cells/mL)

1 5.40E+05 2.35E+06 2.51E+06 3.32E+06 3.69E+06 4.60E+06 6.85E+06 8.98E+06 1.27E+07 1.69E+07 1.76E+07 2.95E+07 3.97E+07
2 1.20E+06 2.31E+06 2.50E+06 3.65E+06 4.67E+06 6.38E+06 9.64E+06 1.20E+07 1.39E+07 1.82E+07 2.14E+07 3.52E+07 4.31E+07
3 3.60E+05 2.57E+06 2.90E+06 3.39E+06 4.34E+06 5.74E+06 7.01E+06 9.86E+06 1.30E+07 1.60E+07 1.90E+07 2.49E+07 4.27E+07

Log cells (cells/mL)

1 5.73 6.37 6.40 6.52 6.57 6.66 6.84 6.95 7.10 7.23 7.25 7.47 7.60

2 6.08 6.36 6.40 6.56 6.67 6.80 6.98 7.08 7.14 7.26 7.33 7.55 7.63

3 5.56 6.41 6.46 6.53 6.64 6.76 6.85 6.99 7.11 7.20 7.28 7.40 7.63
Avg 5.79 6.38 6.42 6.54 6.62 6.74 6.89 7.01 7.12 7.23 7.29 7.47 7.62
StDev  0.27 0.02 0.04 0.02 0.05 0.07 0.08 0.06 0.02 0.03 0.04 0.08 0.02
%CV  4.60 0.38 0.56 0.33 0.79 1.07 1.20 0.90 0.29 0.39 0.59 1.00 0.26
%inhib ~ 8.32 0.80 0.53 -0.33 0.74 1.35 0.84 1.18 1.02 0.53 1.19 0.35 -0.60
%control  91.68 99.20 99.47 100.33 99.26 98.65 99.16 98.82 98.98 99.47 98.81 99.65 100.60
Yield -1.83

Average specific growth rate (Day 7) 0.384
Average specific growth rate (Day 14)  0.268
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FeCl; =300 mg/L

Rep Day 0 Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 Day 8 Day 9 Day 10 Day 14  Day 18

Average of three (3) haemocytometer counts (cells/mL)

1 6.30E+05 1.61E+06 2.23E+06 3.18E+06 3.64E+06 4.90E+06 7.27E+06 1.19E+07 1.41E+07 1.67E+07 2.01E+07 2.95E+07 4.42E+07
2 2.11E+06 2.47E+06 2.37E+06 3.01E+06 3.78E+06 4.30E+06 5.56E+06 7.47E+06 9.43E+06 1.03E+07 1.37E+07 2.51E+07 3.75E+07
3 1.20E+06 2.42E+06 2.66E+06 3.23E+06 3.88E+06 4.65E+06 5.83E+06 9.86E+06 9.48E+06 1.36E+07 1.64E+07 2.16E+07 3.00E+07

Log cells (cells/mL)

1 5.80 6.21 6.35 6.50 6.56 6.69 6.86 7.08 7.15 7.22 7.30 7.47 7.65

2 6.32 6.39 6.38 6.48 6.58 6.63 6.75 6.87 6.97 7.01 7.14 7.40 7.57

3 6.08 6.38 6.42 6.51 6.59 6.67 6.77 6.99 6.98 7.13 7.22 7.34 7.48
Avg  6.07 6.33 6.38 6.50 6.58 6.66 6.79 6.98 7.03 7.12 7.22 7.40 7.57
StDev  0.26 0.11 0.04 0.02 0.01 0.03 0.06 0.10 0.10 0.11 0.08 0.07 0.08
%CV 433 1.67 0.60 0.25 0.21 0.42 0.92 1.46 1.44 1.49 1.16 0.91 1.12
%inhib  3.91 1.64 1.11 0.30 1.47 2.50 2.25 1.57 2.22 2.02 2.09 1.27 0.13
%control  96.09 98.36 98.89 99.70 98.53 97.50 97.75 98.43 97.78 97.98 97.91 98.73 99.87
Yield -1.50

Average specific growth rate (Day 7)  0.286
Average specific growth rate (Day 14) 0.212
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FeCl; =400 mg/L

Rep Day 0 Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 Day 8 Day 9 Day 10 Day 14  Day 18

Average of three (3) haemocytometer counts (cells/mL)

1 6.55E+05 1.94E+06 2.35E+06 2.86E+06 3.72E+06 3.75E+06 6.83E+06 1.03E+07 1.25E+07 1.51E+07 1.55E+07 2.30E+07 3.94E+07
2 3.20E+05 2.09E+06 2.47E+06 2.84E+06 4.39E+06 4.68E+06 6.39E+06 8.85E+06 9.81E+06 1.20E+07 1.75E+07 2.18E+07 3.12E+07
3 1.56E+06 2.54E+06 2.90E+06 3.27E+06 3.72E+06 4.95E+06 5.87E+06 8.24E+06 1.05E+07 1.22E+07 1.44E+07 2.00E+07 3.10E+07

Log cells (cells/mL)

1 5.82 6.29 6.37 6.46 6.57 6.57 6.83 7.01 7.10 7.18 7.19 7.36 7.60

2 5.51 6.32 6.39 6.45 6.64 6.67 6.81 6.95 6.99 7.08 7.24 7.34 7.49

3 6.19 6.40 6.46 6.51 6.57 6.69 6.77 6.92 7.02 7.09 7.16 7.30 7.49
Avg 5.84 6.34 6.41 6.47 6.59 6.65 6.80 6.96 7.04 7.11 7.20 7.33 7.53
StDev  0.34 0.06 0.05 0.03 0.04 0.06 0.03 0.05 0.06 0.06 0.04 0.03 0.06
%CV 590 0.95 0.74 0.54 0.64 0.96 0.49 0.70 0.79 0.78 0.60 0.41 0.79
%inhib ~ 7.54 1.49 0.70 0.64 1.19 2.75 2.07 1.89 2.19 2.15 2.38 2.17 0.64
%control  92.46 98.51 99.30 99.36 98.81 97.25 97.93 98.11 97.81 97.85 97.62 97.83 99.36
Yield -1.69

Average specific growth rate (Day 7)  0.340
Average specific growth rate (Day 14) 0.232
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Table C4: Cell count data and precision at moderate doses of FeCls in the absence of sediment

FeCl; = 0 mg/L (Control)
Rep Day 0 Day 1 Day 2 Day 6 Day 14

Average of three (3) haemocytometer counts (cells/mL)

1 2.55E+06 5.61E+06 1.94E+06 5.05E+06 6.95E+06

2 2.49E+06 2.45E+06 1.50E+06 4.85E+06 6.91E+06
3 2.35E+06 2.45E+06 1.77E+06 5.73E+06 7.12E+06
Log cells (cells/mL)
1 6.41 6.75 6.29 6.70 6.84
2 6.40 6.39 6.18 6.69 6.84
3 6.37 6.39 6.25 6.76 6.85
Avg  6.39 6.51 6.24 6.72 6.84
StDev  0.02 0.21 0.06 0.04 0.01
%CV 029 3.19 0.89 0.56 0.10

Yield -0.45
Average specific growth rate (Day 6) 0.125
Average specific growth rate (Day 14) 0.075

FeCl; = 100 mg/L
Rep Day 0 Day 1 Day 2 Day 6 Day 14

Average of three (3) haemocytometer counts (cells/mL)
| 2.69E+06 2.27E+06 1.76E+06 9.40E+05 1.26E+06
2 1.66E+06 2.51E+06 1.50E+06 1.19E+06 1.35E+06

3 8.30E+05 2.37E+06 1.99E+06 1.20E+06 1.51E+06
Log cells (cells/mL)

1 6.43 6.36 6.24 5.97 6.10
2 6.22 6.40 6.18 6.07 6.13
3 5.92 6.37 6.30 6.08 6.18
Avg  6.19 6.38 6.24 6.04 6.14
StDev  0.26 0.02 0.06 0.06 0.04
%CV  4.15 0.35 0.97 0.98 0.64
%inhib  3.15 2.03 -0.05 10.04 10.36
%control  96.85 97.97 100.05 89.96 89.64

Yield 0.05
Average specific growth rate (Day 6)  -0.074
Average specific growth rate (Day 14)  -0.017
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FeCl; =200 mg/L

Rep Day 0 Day 1 Day 2

Day 6 Day 14

Average of three (3) haemocytometer counts (cells/mL)

1 1.74E+06 2.43E+06 2.02E+06
2 2.47E+06 2.05E+06 1.87E+06
3 2.55E+06 2.41E+06 1.77E+06

1.09E+06 8.20E+05
1.31E+06 9.40E+05
1.03E+06 1.12E+06

Log cells (cells/mL)

1 6.24 6.39 6.31 6.04 591

2 6.39 6.31 6.27 6.12 5.97

3 6.41 6.38 6.25 6.01 6.05

Avg 635 6.36 6.27 6.05 5.98

StDev  0.09 0.04 0.03 0.06 0.07

%CV 145 0.66 0.46 0.92 1.14

%inhib ~ 0.70 2.30 -0.60 9.84 12.65

%control  99.30 97.70 100.60 90.16 87.35
Yield 0.37

Average specific growth rate (Day 6)  -0.114

Average specific growth rate (Day 14)  -0.061

Table C5: Dry mass data using higher doses of FeCl;

Filter + boat +

Rep tljcl)lz;[tei; 15 mL algae alfv?e(g;y A\;//tg (Z;y StDev
dry wt (2)
FCC13 =0

1 1.1096 1.1148 0.0052
2 1.1057 1.1114 0.0057 0.0055 0.0003
3 1.1018 1.1073 0.0055

FeCl3 =200
1 1.1082 1.1120 0.0038
2 1.1009 1.1056 0.0047 0.0042 0.0005
3 1.1204 1.1244 0.0040

FeClI3 =300
1 1.0969 1.1006 0.0037
2 1.0988 1.1021 0.0033 0.0035 0.0003
3 1.1046 1.0985

FeCl3 =400
1 1.1066 1.1092 0.0026
2 1.0932 1.0968 0.0036 0.0033 0.0006
3 1.1024 1.1060 0.0036
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Table C6: Dry mass data at moderate doses of FeCl; in the absence of sediment

Filter + boat +

Rep tljcl)lz;[tei; 15 mL algae alfv?e(g;y A\;//tg (Z;y StDev
dry wt (2)
FeCl; =0
1 1.1008 1.1020 0.0012
2 1.0978 1.0988 0.0010 0.0010 0.0003
3 1.0743 1.0750 0.0007
FeCI3 =100
1 1.1165 1.1167 0.0002
2 1.0999 1.1002 0.0003 0.0002 0.0001
3 2.0804 2.0806 0.0002
FeCI3 =200
1 1.0865 1.0873 0.0008
2 1.1072 1.1073 0.0001 0.0004 0.0004
3 1.0960 1.0963 0.0003
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Appendix D

SRP Results

in ultrapure water and reservoir water
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Table D1: SRP values from sorption test using sediment and ultrapure water

Initial SRP Rep  Mass Mass Final SRP  Std Dev ug P

(ng/L) sediment standard (ng/L) adsorbed / g
() () sediment

0 1 0.249 20.021 307.00 4.36 -24.68

0 2 0.252 19.982 308.00 -24.42

0 3 0.250 19.969 315.00 -25.16

25 1 0.249 20.000 122.00 231 -7.79

25 2 0.249 20.001 126.00 -8.11

25 3 0.249 19.989 126.00 -8.11

50 1 0.250 20.006 86.10 0.15 -2.89

50 2 0.250 20.029 85.90 -2.88

50 3 0.251 20.003 86.20 -2.88

100 1 0.251 20.009 63.50 1.80 291

100 2 0.253 20.010 65.40 2.74

100 3 0.249 20.032 61.80 3.07

200 1 0.249 19.995 64.70 2.46 10.86

200 2 0.249 20.004 63.90 10.93

200 3 0.250 19.996 60.10 11.19

Table D2: SRP values from sorption tests using low to moderate doses of FeCl; added to sediment and
reservoir water prior to agitation

FeCl; = 0 mg/L

Initial SRP  Rep  Mass Mass Final SRP  Std Dev ug P
(ng/L) sediment standard (ng/L) adsorbed / g
() () sediment

32.48 1 0.270 24.999 82.70 2.32 -4.65
32.48 2 0.265 24.842 78.20 -4.29
32.48 3 0.244 24.977 81.40 -5.01
58.64 1 0.250 24.997 78.00 1.51 -1.94
58.64 2 0.250 24.997 77.60 -1.90
58.64 3 0.243 24.995 75.20 -1.70
84.83 1 0.247 24.958 80.30 2.25 0.46
84.83 2 0.249 24.982 84.30 0.05
84.83 3 0.244 24.973 84.10 0.07
137.28 1 0.259 25.052 86.40 1.90 4.92
137.28 2 0.252 24.999 88.10 4.88
137.28 3 0.262 24.987 84.30 5.05
239.98 1 0.246 25.043 101.00 1.88 14.15
239.98 2 0.247 24.983 98.60 14.30
239.98 3 0.247 24.994 97.30 14.44
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FeCl; = 5 mg/L

Initial SRP Rep  Mass Mass Final SRP  Std Dev ug P
(ng/L) sediment standard (ng/L) adsorbed / g
(g (g sediment
32.48 1 0.251 25.024 68.2 2.20 -3.56
32.48 2 0.249 25.023 72.6 -4.03
32.48 3 0.255 24.991 70.3 -3.71
58.64 1 0.249 25.010 76.1 1.27 -1.75
58.64 2 0.254 25.019 78.60 -1.97
58.64 3 0.253 24.982 77.00 -1.81
84.83 1 0.250 24.989 73.40 3.40 1.14
84.83 2 0.249 24.987 76.60 0.83
84.83 3 0.257 24.987 80.20 0.45
137.28 1 0.251 25.050 80.40 0.86 5.68
137.28 2 0.257 24.990 82.1 5.37
137.28 3 0.253 25.005 81 5.56
239.98 1 0.258 25.008 86.7 1.49 14.86
239.98 2 0.260 24.986 89.5 14.46
239.98 3 0.249 24.998 89 15.16
FeCl; =10 mg/L
Initial SRP Rep  Mass Mass Final SRP  Std Dev ng P
(ng/L) sediment standard (ng/L) adsorbed / g
(g (g sediment

24.40 1 0.252 24.996 87.60 17.25 -6.27
24.40 2 0.251 24.996 54.50 -3.00
24.40 3 0.256 25.027 62.60 -3.73
49.40 1 0.254 25.017 80.00 19.27 -3.01
49.40 2 0.254 24.999 62.10 -1.25
49.40 3 0.251 24.998 41.50 0.79
74.40 1 0.253 25.005 65.40 11.91 0.89
74.40 2 0.248 25.013 87.20 -1.29
74.40 3 0.254 25.017 68.00 0.63
124.40 1 0.251 24.999 92.50 7.91 3.18
124.40 2 0.258 24.998 88.30 3.50
124.40 3 0.252 25.056 77.20 4.69
224.40 1 0.249 25.018 119.00 11.87 10.59
224.40 2 0.250 25.001 97.30 12.71
224.40 3 0.250 25.004 99.80 12.46
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FeCl; =15 mg/L

Initial SRP  Rep  Mass Mass Final SRP  Std Dev ng P
(ng/L) sediment standard (ng/L) adsorbed / g
(g (g sediment
24.40 1 0.251 24.994 77.50 7.73 -5.29
24.40 2 0.251 25.008 62.60 -3.81
24.40 3 0.251 25.002 66.50 -4.19
49.40 1 0.252 25.024 75.00 12.00 -2.54
49.40 2 0.250 25.013 71.00 -2.16
49.40 3 0.250 24.999 52.50 -0.31
74.40 1 0.255 25.004 58.50 4.52 1.56
74.40 2 0.252 24.999 59.30 1.50
74.40 3 0.250 24.998 66.70 0.77
124.40 1 0.253 25.195 58.30 9.38 6.58
124.40 2 0.255 25.006 77.00 4.65
124.40 3 0.251 25.000 66.30 5.79
224.40 1 0.250 25.000 72.40 7.63 15.20
224.40 2 0.251 25.000 81.10 14.27
224.40 3 0.255 25.015 65.90 15.55
FeCl; =20 mg/L
Initial SRP Rep  Mass Mass Final SRP  Std Dev ng P
(ng/L) sediment standard (ng/L) adsorbed / g
(g (g sediment

24.40 1 0.252 25.001 44.20 3.98 -1.96
24.40 2 0.250 25.005 49.80 -2.54
24.40 3 0.252 25.013 42.10 -1.76
49.40 1 0.252 25.004 62.30 14.46 -1.28
49.40 2 0.258 25.022 33.40 1.55
49.40 3 0.252 25.063 47.10 0.23
74.40 1 0.252 25.003 88.30 19.08 -1.38
74.40 2 0.251 25.025 52.70 2.16
74.40 3 0.255 25.012 82.40 -0.79
124.40 1 0.251 25.000 46.20 17.27 7.79
124.40 2 0.255 25.000 80.70 4.28
124.40 3 0.255 25.023 64.90 5.84
224.40 1 0.254 25.010 75.50 23.23 14.66
224.40 2 0.255 25.012 67.30 15.41
224.40 3 0.255 25.003 111.00 11.12
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FeCl; = 25 mg/L

Initial SRP Rep  Mass Mass Final SRP  Std Dev ug P
(ng/L) sediment standard (ng/L) adsorbed / g
(g (g sediment

32.48 1 0.254 24.952 31.90 2.47 0.06
32.48 2 0.266 25.022 27.90 0.43
32.48 3 0.249 24.991 27.40 0.51
58.64 1 0.249 25.002 33.30 291 2.54
58.64 2 0.251 25.039 34.10 2.45
58.64 3 0.252 24.987 38.70 1.98
84.83 1 0.249 25.057 34.60 5.27 5.05
84.83 2 0.261 25.003 35.90 4.69
84.83 3 0.259 25.010 44.30 391
137.28 1 0.254 25.035 37.00 1.88 9.88
137.28 2 0.260 24.991 33.90 9.94
137.28 3 0.244 25.062 37.30 10.27
239.98 1 0.252 25.079 43.80 3.01 19.52
239.98 2 0.254 25.005 40.40 19.65
239.98 3 0.250 25.011 37.80 20.23

FeCl; = 50 mg/L

Initial SRP Rep  Mass Mass Final SRP  Std Dev ng P
(ng/L) sediment standard (ng/L) adsorbed / g
(2) (2) sediment

32.48 1 0.253 24.982 23.40 0.53 0.90
32.48 2 0.251 25.007 23.20 0.92
32.48 3 0.253 24.995 22.40 1.00
58.64 1 0.250 24.982 19.30 1.94 3.93
58.64 2 0.249 25.003 21.90 3.69
58.64 3 0.252 25.006 23.10 3.53
84.83 1 0.251 24.996 17.40 1.68 6.71
84.83 2 0.252 25.006 20.60 6.37
84.83 3 0.249 25.001 18.10 6.70
137.28 1 0.252 24.978 16.00 2.06 12.02
137.28 2 0.251 25.028 20.10 11.68
137.28 3 0.248 25.015 18.40 11.99
239.98 1 0.255 24.994 18.80 3.73 21.68
239.98 2 0.252 24.995 19.10 21.91
239.98 3 0.249 25.004 25.40 21.55
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FeCl; = 100 mg/L

Initial SRP Rep  Mass Mass Final SRP  Std Dev ug P
(ng/L) sediment standard (ng/L) adsorbed / g
(2) (2) sediment

32.48 1 0.249 25.004 11.40 2.38 2.12
32.48 2 0.247 25.019 11.80 2.10
32.48 3 0.251 25.012 15.70 1.67
58.64 1 0.247 25.017 12.60 1.66 4.66
58.64 2 0.265 25.004 11.20 4.48
58.64 3 0.251 25.031 14.50 4.40
84.83 1 0.252 25.009 14.60 2.20 6.97
84.83 2 0.249 24.992 14.20 7.09
84.83 3 0.251 24.989 10.60 7.39
137.28 1 0.248 25.012 15.90 1.48 12.24
137.28 2 0.249 25.027 15.00 12.29
137.28 3 0.252 25.010 13.00 12.33
239.98 1 0.256 25.002 13.00 0.23 22.17
239.98 2 0.251 24.984 12.60 22.63
239.98 3 0.256 24.991 12.60 22.20

Table D3: SRP values from sorption tests using higher doses of FeCl; added to sediment and reservoir
water prior to agitation

FeCl; = 0 mg/L

Initial SRP  Rep  Mass Mass Final SRP  Std Dev ug P
(ng/L) sediment standard (ng/L) adsorbed / g
(g (g sediment

60.90 1 0.251 25.007 83.50 4.39 -1.71
60.90 2 0.248 24.998 74.80 -0.75
60.90 3 0.250 25.000 78.10 -2.12
86.03 1 0.249 25.007 68.30 10.72 -0.34
86.03 2 0.251 24.998 82.10 1.86
86.03 3 0.251 24.994 89.40 0.28
111.20 1 0.250 24.998 67.40 11.14 4.38
111.20 2 0.251 25.001 83.20 2.79
111.20 3 0.250 25.001 88.90 2.23
161.51 1 0.251 24.996 88.60 4.16 7.26
161.51 2 0.249 25.000 89.70 7.21
161.51 3 0.251 25.006 96.30 6.50
262.10 1 0.249 25.004 110.00 11.02 15.27
262.10 2 0.250 25.003 108.00 15.41
262.10 3 0.250 24.997 128.00 13.41
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FeCl; =200 mg/L

Initial SRP Rep  Mass Mass Final SRP  Std Dev ng P
(ng/L) sediment standard (ng/L) adsorbed / g
() (8) sediment

60.90 1 0.252 25.000 9.31 1.42 5.12
60.90 2 0.250 25.003 6.54 5.44
60.90 3 0.250 24.998 7.38 5.35
86.03 1 0.250 24.997 6.54 2.50 7.95
86.03 2 0.250 24.995 10.80 7.52
86.03 3 0.249 25.000 6.40 8.00
111.20 1 0.249 25.005 7.12 2.03 10.45
111.20 2 0.250 25.003 4.67 10.65
111.20 3 0.252 24.996 8.69 10.17
161.51 1 0.250 25.002 7.24 0.29 15.43
161.51 2 0.252 25.001 6.96 15.33
161.51 3 0.250 25.012 6.66 15.49
262.10 1 0.252 24.999 8.57 0.71 25.15
262.10 2 0.251 24.993 7.23 25.38
262.10 3 0.251 24.997 7.52 25.35

FeCl; =300 mg/L

Initial SRP Rep  Mass Mass Final SRP  Std Dev ug P
(ng/L) sediment standard (ng/L) adsorbed / g
(g (g sediment

60.90 1 0.249 25.010 7.79 0.87 5.33
60.90 2 0.249 25.008 6.22 5.49
60.90 3 0.250 25.006 6.35 5.46
86.03 1 0.250 25.019 6.80 0.28 7.93
86.03 2 0.249 24.994 6.92 7.94
86.03 3 0.249 25.005 7.33 7.90
111.20 1 0.250 24.998 7.29 0.54 10.39
111.20 2 0.249 24.996 7.32 10.43
111.20 3 0.250 24.997 6.37 10.48
161.51 1 0.250 25.006 6.83 0.57 15.47
161.51 2 0.251 24.998 5.97 15.49
161.51 3 0.250 24.997 7.04 15.45
262.10 1 0.250 25.008 7.43 0.61 25.47
262.10 2 0.252 25.002 6.21 25.39
262.10 3 0.250 25.006 6.78 25.54
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FeCl; = 400 mg/L

Initial SRP Rep  Mass Mass Final SRP  Std Dev ug P
(ng/L) sediment standard (ng/L) adsorbed / g
(g (g sediment

60.90 1 0.252 24.995 5.75 1.08 5.47
60.90 2 0.250 25.006 7.54 5.34
60.90 3 0.250 25.003 5.59 5.53
86.03 1 0.250 25.001 6.91 1.35 7.91
86.03 2 0.250 24.993 4.56 8.14
86.03 3 0.249 25.005 6.90 7.95
111.20 1 0.251 25.007 6.57 0.90 10.42
111.20 2 0.253 24.998 4.78 10.51
111.20 3 0.251 24.997 5.67 10.51
161.51 1 0.251 24.997 5.23 0.50 15.56
161.51 2 0.249 25.011 6.01 15.62
161.51 3 0.249 25.002 6.15 15.60
262.10 1 0.250 24.997 5.39 0.61 25.67
262.10 2 0.252 24.997 4.22 25.58
262.10 3 0.253 24.998 5.11 25.39

Table D4: SRP values from sorption tests using moderate doses of FeCl; added to sediment and reservoir
water after agitation

Initial SRP Rep  Mass Mass Final SRP  Std Dev ug P
(ng/L) sediment standard (ng/L) adsorbed / g
(8) () sediment
FeCl; =25 mg/L
32.48 1 0.253 24.973 17.30 2.42 1.50
32.48 2 0.262 24.978 17.30 1.45
32.48 3 0.266 25.011 21.50 1.03
84.83 1 0.252 25.003 19.00 1.91 6.53
84.83 2 0.262 22.907 21.70 5.52
FeCl; = 100 mg/L
32.48 1 0.251 24.922 9.51 0.36 2.28
32.48 2 0.250 24.964 8.87 2.36
32.48 3 0.253 24.981 9.46 2.27
84.83 1 0.248 24.984 9.35 0.43 7.60
84.83 2 0.250 25.089 9.37 7.57
84.83 3 0.254 24.882 10.10 7.32
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Table D5: SRP values from sorption tests using lower doses of FeCl; added to sediment and BG11
growth medium prior to agitation

FeCl; = 0 mg/L

Initial SRP Rep Mass Mass Final SRP pg P adsorbed /
(ng/L) sediment (g) standard (g) (ug/L) g sediment
5335.00 1 0.261 24.990

5335.00 2 0.259 25.004

5335.00 3 0.249 25.009

5359.77 1 0.249 24.977

5359.77 2 0.245 25.004

5359.77 3 0.247 25.004

5384.70 1 0.251 24.992

5384.70 2 0.250 25.003 Out of range n/a
5384.70 3 0.250 24.991

5434.53 1 0.252 24.986

5434.53 2 0.258 24.995

5434.53 3 0.250 25.015

5533.79 1 0.256 25.003

5533.79 2 0.256 24.997

5533.79 3 0.247 24.985

FeCl; = 5 mg/L

Initial SRP Rep Mass Mass Final SRP pg P adsorbed /
(ng/L) sediment (g) standard (g) (ug/L) g sediment
5335.00 1 0.249 25.009

5335.00 2 0.258 25.004

5335.00 3 0.252 25.017

5359.77 1 0.247 25.009

5359.77 2 0.246 25.010

5359.77 3 0.277 25.002

5384.70 1 0.254 24.984

5384.70 2 0.252 25.002 Out of range n/a
5384.70 3 0.247 25.000

5434.53 1 0.246 24.991

5434.53 2 0.255 25.003

5434.53 3 0.252 25.012

5533.79 1 0.259 25.004

5533.79 2 0.244 24.995

5533.79 3 0.268 24.992

110



FeCl; =25 mg/L

Initial SRP  Rep  Mass Mass Final SRP Std Dev ng P
(ng/L) sediment standard (ng/L) adsorbed / g
() () sediment
5335.00 1 0.260 24.998
5335.00 2 0.248 24.988
5335.00 3 0.248 24.988 Out of n/a
range
5359.77 1 0.258 24.985
5359.77 2 0.240 25.004
5359.77 3 0.262 25.023 1110.00 405.89
5384.70 1 0.242 25.003 1080.00 78.10 444.75
5384.70 2 0.287 25.011 1070.00 376.01
5384.70 3 0.242 24.989 940.00 458.96
5434.53 1 0.240 24.991 904.00 57.85 471.76
5434.53 2 0.241 24981 982.00 461.53
5434.53 3 0.249 24.998 869.00 458.35
5533.79 1 0.243 25.006 1250.00 158.15 440.83
5533.79 2 0.250 25.017 936.00 460.09
5533.79 3 0.269 24.008 1060.00 399.28
FeCl; = 50 mg/L
Initial SRP  Rep  Mass Mass Final SRP  Std Dev ng P
(ng/L) sediment standard (ng/L) adsorbed / g
() () sediment
5335.00 1 0.253 24.988 470.00 4.00 480.50
5335.00 2 0.243 25.010 478.00 499.89
5335.00 3 0.243 24.996 474.00 500.02
5359.77 1 0.243 24.986 519.00 55.43 497.74
5359.77 2 0.249 24.987 432.00 494.50
5359.77 3 0.243 24.989 416.00 508.39
5384.70 1 0.246 24.985 523.00 55.37 493.78
5384.70 2 0.241 24.985 440.00 512.63
5384.70 3 0.245 24.997 418.00 506.75
5434.53 1 0.250 25.020 442.00 85.08 499.65
5434.53 2 0.249 25.006 454.00 500.17
5434.53 3 0.249 25.009 595.00 486.07
5533.79 1 0.244 24.993 683.00 118.08 496.87
5533.79 2 0.248 24.997 525.00 504.86
5533.79 3 0.250 24.988 452.00 507.94
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FeCl; = 100 mg/L

Initial SRP  Rep  Mass Mass Final SRP  Std Dev ug P
(ng/L) sediment standard (ng/L) adsorbed / g
(2) (2) sediment

5335.00 1 0.248 24.973 101.00 14.57 527.05
5335.00 2 0.251 24.998 129.00 518.48
5335.00 3 0.264 25.000 108.00 494.98
5359.77 1 0.246 24.994 110.00 4.51 533.39
5359.77 2 0.250 24.998 114.00 524.53
5359.77 3 0.251 24.999 105.00 523.36
5384.70 1 0.249 25.006 118.00 6.66 528.91
5384.70 2 0.244 24.995 117.00 539.62
5384.70 3 0.250 25.009 129.00 525.76
5434.53 1 0.261 25.000 128.00 67.86 508.29
5434.53 2 0.245 25.058 244.00 530.87
5434.53 3 0.248 24.981 125.00 534.83
5533.79 1 0.250 24.999 118.00 5.13 541.56
5533.79 2 0.248 24.984 115.00 545.90
5533.79 3 0.255 25.003 125.00 530.34

Table D6: SRP values from sorption tests using lower doses of FeCl; added to sediment and BG11
growth medium after agitation

Initial SRP  Rep  Mass Mass Final SRP  Std Dev ng P
(ng/L) sediment standard (ng/L) adsorbed / g
() () sediment
FeCl; = 5 mg/L
5335.00 1 0.249 24.985
5335.00 2 0.260 24.990
5335.00 3 0.252 25.020 Out of /a
5384.70 1 0.249 25.001 range
5384.70 2 0.252 24.994
5384.70 3 0.267 25.004
FeCl; =25 mg/L
5335.00 1 0.246 24.982 981.00 128.42 442.16
5335.00 2 0.258 24.982 871.00 432.25
5335.00 3 0.273 25.006 725.00 422.26
5384.70 1 0.248 24.993 930.00 76.10 448.94
5384.70 2 0.260 25.005 871.00 434.10
5335.00 1 0.249 25.019 779.00 462.77
FeCl; = 50 mg/L
5335.00 1 0.247 25.004 389.00 87.73 500.69
5335.00 2 0.266 25.012 273.00 475.98
5335.00 3 0.261 24.995 217.00 490.13
5384.70 1 0.254 24.999 226.00 13.32 507.73
5384.70 2 0.251 25.001 202.00 516.23
5384.70 3 0.251 24.987 204.00 515.74
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Table D7: SRP values from sequestration (precipitation) tests using low to moderate doses of FeCl; added
to reservoir water in the absence of sediment

Initial SRP Rep FeCl; =0 mg/L FeCl; =5 mg/L
(ng/L) Mass Final SRP Std Dev | Mass Final SRP Std Dev
standard (g)  (pg/L) standard (ng/L)
(2
29.85 1 24.873 38.10 4.97 24.986 17.00 2.16
29.85 2 25.003 29.00 24.989 12.80
29.85 3 25.007 30.10 24.993 15.80
55.13 1 25.009 53.00 0.31 24.997 24.40 0.29
55.13 2 24.980 52.40 24.992 24.90
55.13 3 25.008 52.80 25.008 24.90
80.34 1 24.992 75.40 0.66 24.997 39.10 1.85
80.34 2 24.993 76.20 25.000 36.00
80.34 3 24.990 76.70 24.991 35.80
130.83 1 25.008 121.00 1.00 25.003 71.30 3.52
130.83 2 24.987 122.00 24.990 71.10
130.83 3 24.992 123.00 25.009 65.10
231.86 1 24.990 220.00 1.73 24.995 141.00 4.04
231.86 2 24.993 223.00 25.011 136.00
231.86 3 25.000 223.00 24.995 133.00
Initial SRP  Rep FeCl; =25 mg/L FeCl; = 50 mg/L
(ng/L) Mass Final SRP Std Mass Final SRP Std Dev
standard (g)  (ug/L) Dev standard (g) (ng/L)
29.85 1 25.014 12.50 0.47 24.980 12.70 0.35
29.85 2 24.980 11.60 25.002 12.40
29.85 3 24.991 11.80 24.996 12.00
55.13 1 24.988 13.70 0.38 24.995 11.70 0.47
55.13 2 24.982 13.10 24.986 11.50
55.13 3 25.000 13.00 24.996 10.80
80.34 1 25.006 18.80 2.57 25.003 11.90 0.44
80.34 2 24981 14.40 25.003 11.10
80.34 3 25.003 14.30 25.000 11.20
130.83 1 24.985 16.50 0.31 25.006 12.50 0.26
130.83 2 24.988 16.30 25.002 12.00
130.83 3 24.998 15.90 24.994 12.10
231.86 1 25.009 22.30 0.62 25.005 14.10 0.46
231.86 2 24.996 21.10 25.002 13.20
231.86 3 24.990 21.40 25.007 13.50
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FeCl; = 100 mg/L

Initial SRP Rep Mass Final SRP Std Dev
(ng/L) standard (g) (ug/L)

29.85 1 24.985 10.40 0.32
29.85 2 24.996 9.85

29.85 3 24.998 10.40

55.13 1 24.993 10.90 0.71
55.13 2 24.998 9.91

55.13 3 25.004 9.52

80.34 1 24.991 11.40 0.56
80.34 2 25.016 11.00

80.34 3 24.992 10.30

130.83 1 25.009 10.30 0.21
130.83 2 24.998 9.89

130.83 3 24.998 10.00

231.86 1 25.031 10.40 0.21
231.86 2 24.991 10.50

231.86 3 24.991 10.10

Table D8: SRP levels during M. aeruginosa growth tests at varying FeCl; doses

Day0 Day6 Dayl10 Dayl4 Day 18 Day 35 Day 39
Test
SRP (ug/L)
. 498.00,
Reservoir water + sed  25.38 428.00
. 4.86,
Reservoir water (no sed)  25.38 267
1 24.00,
BG1150+ sed 50.00 21.71
1 0.74,
BG11s5 (no sed) 50.00 035
FeCl; [0] 100.00 6.54 5.03 15.63
[200] 6.21 3.23 3.65 14.19
[300] 2.44 3.67 5.98 10.82
[400] 1.95 2.95 12.30 11.57
FeCl; [0] (nosed)  74.40 n/a 2.37
[100] 0.99 3.58 2.34
[200] 1.07 0.51 6.51

' Estimated value
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Quality Control and Statistical Analysis
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Table E1: Quality control and precision of lowest P-standard during SRP analysis

P‘fg‘rﬁrd 2 Aug15 29 Augl5 30 Aug 15
Measured Value (pg/L)

25a 24.60 23.50 23.20
25b 24.70 23.60 24.20
25¢ 25.20 22.70 24.50
25d 24.90 22.60 24.40
25e 24.90 23.10 23.50
25f 23.70 22.90 24.30
25¢g 23.40 22.50 24.70
Average 24.49 22.99 24.11
StDev 0.67 0.43 0.55
% CV 2.74 1.89 2.29

Table E2: Quality control and precision of random replicate samples during SRP analysis

Date Sample Measured Value (ng/L) % CV
107] 30.9 32.48 3.53
14 Dec 2014 WA 328 319 332 325 336 309 | 2.99
285 206  30.0 0.95
I Mar 2015 286] 30.1 309 1.85
26 June 2015 Iml 4570 4454 4320 2.81
420 100.00 982 1.28
29 Aug 2015 421 157 147 4.65
14 Oct 2015 507 599 619 2.32

Table E3: T-tests - comparison of final SRP values for FeCl; amendments before vs. after 18 hours of

agitations

Initial SRP | FeCls Final SRP (ug/L) Treatment

(ug/L) (mg/L) rep | FeCl; added FeCl; added after COMDAriSons
He & prior to agitation 18 hrs agitation P

32.48 Fe =[25] 1 31.9 17.3

32.48 Fe =[25] 2 279 17.3 B

32.48 Fe =[25] 3 274 21.5 (./ps; ?l'i%()clant
84.83 Fe =[25] 1 34.6 19.0 diffgrence)
84.83 Fe =[25] 2 359 21.7

84.83 Fe =[25] 3 44.3 -

32.48 Fe=[100] |1 11.4 9.51

32.48 Fe=[100] |2 11.8 8.87 B

32.48 Fe=[100] |3 15.7 9.46 (./ps; (r)li%(lint
84.83 Fe=[100] |1 14.6 9.35 diffirence)
84.83 Fe=[100] |2 14.2 9.37

84.83 Fe=[100] |3 10.6 10.1

Comparison of all final SRP . . .

values (before vs. after) p=0.011 (v significant difference)
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Photos of experiments
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Figure F1: Shaker table apparatus and test units

(b)

Reservoir Water + sediment Reservoir Water (no sediment)
P=25ug/L. FeCl; =50 mg/L P=200 pg/L. FeCl; =50 mg/L

Figure F2: Photos of floc and precipitate formation in sorption tests with (a) and without (b) sediment.
Precipitation is more obscured in tests with (a) sediment
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()

M. aeruginosa in Reservoir water +
sediment

Py (background SRP control) = 105.80 pg/L
FeCl; =0, 50, 100 mg/L

(b)
M. aeruginosa in Reservoir water (no
sediment)

Py (control) = 105.80 pg/L
FeCl; =0, 100, 200 mg/L

Figure F3: Photos of floc and precipitate formation in M. aeruginosa tests with (a) and without (b)
sediment. Precipitation is more obscured in tests with (a) sediment

[HVK —

[T\

-~
\

® )l Day 4
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+
-

Day 14

.| Day 35

P

Figure F4: Photos of Screening Tests on different dates. Flasks with sediment are darker green indicating
more CB growth

Flasks with sediment are on the right
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Collection of 15 mL near surface to avoid
uptake of sediment dry mass

as )

ey

Effluent retained and re-filtered (0.45 pm) into  Filtered wet samples and 2 filter blanks
clean vial for SRP analysis (method blanks)

Figure F5: Photos of M. aeruginosa test process and filter apparatus
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Appendix G

SRP Results in BG11 growth medium
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Sorption experiments were conducted using BG11 growth media, Reservoir sediment, and varying FeCl;
doses and P- standards to determine if there were additional ionic interactions from the growth media that
would affect the ability of FeCl; to sequester the P from solution (as preparation for the M. aeruginosa

testing).

As shown in Figure GI, the X-axis reflects the initial background P-levels in the (unmodified) BG11
growth medium, in addition to the P-amendments. The initial P concentrations were extremely high in
the growth medium (>5000 ng P/L to enable CB growth) and consequently the sediment only adsorbed P

from the water column — no desorption occurred; and no horizontal equilibrium line was plotted.

FeCl; doses lower than 25 mg/L (i.e. 0, 5 mg/L) were unable to sequester enough P from the water
column to reduce the final P to levels that could be measured on the autoanalyzer; these samples were
labelled ‘out of range’. At 25 mg/L FeCls, the first treatment with no added P (i.e., P standard = 0 pg

P/L) was also out of range; and these triplicate data points were not plotted on Figure G1.

Despite a 6-fold dilution of the ‘out of range’ samples, the values remained out of range. The
autoanalyzer is capable of reading up to 200 /L P and it was determined the final P in solution was over

1200 pg P/L (i.e., 6X dilution x 200 max detection is > 1200 pg P/L).

A comparison of initial vs. final solution SRP is shown in Figure G2. FeCl; doses of 100 mg/L are
capable of reducing initial P levels in excess of 5500 pg P/L to approx. 100 pg/L. Lower FeCl; doses of
25 mg/L are capable of reducing initial P levels in excess of 5500 pg/L to approx. 1000 pug/L. The
exception was the first treatment with no added P-standard (adjusted to background P of 5335 pug P /L).
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Figure G1: Impact of FeCl; on P sorption dynamics in BG11 growth medium and sediment from Cell 3.
Note all replicates are plotted (N = 3) where feasible (i.e., within detection range)
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Figure G2: Impact of FeCl; on the initial and final solution levels of SRP in BG11 growth medium and
sediment
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Table G1: SRP values from sorption tests using lower doses of FeCl; added to sediment and BG11
growth medium prior to agitation. Note that SRP results for doses of FeCl; lower than 25 mg/L were out
of range

FeCl; = 25 mg/L

Initial SRP  Rep  Mass Mass Final SRP  Std Dev ng P

(ng/L) sediment standard (ng/L) adsorbed / g
() () sediment

5335.00 1 0.260 24.998

5335.00 2 0.248 24.988

5335.00 3 0.248 24.988

5359.77 1 0.258 24.985

5359.77 2 0.240 25.004

5359.77 3 0.262 25.023 1110.00 405.89

5384.70 1 0.242 25.003 1080.00 78.10 444.75

5384.70 2 0.287 25.011 1070.00 376.01

5384.70 3 0.242 24.989 940.00 458.96

5434.53 1 0.240 24.991 904.00 57.85 471.76

5434.53 2 0.241 24981 982.00 461.53

5434.53 3 0.249 24.998 869.00 458.35

5533.79 1 0.243 25.006 1250.00 158.15 440.83

5533.79 2 0.250 25.017 936.00 460.09

5533.79 3 0.269 24.008 1060.00 399.28

FeCl; = 50 mg/L

Initial SRP Rep  Mass Mass Final SRP  Std Dev ug P
(ng/L) sediment standard (ng/L) adsorbed / g
() () sediment

5335.00 1 0.253 24.988 470.00 4.00 480.50
5335.00 2 0.243 25.010 478.00 499.89
5335.00 3 0.243 24.996 474.00 500.02
5359.77 1 0.243 24.986 519.00 55.43 497.74
5359.77 2 0.249 24.987 432.00 494.50
5359.77 3 0.243 24.989 416.00 508.39
5384.70 1 0.246 24.985 523.00 55.37 493.78
5384.70 2 0.241 24.985 440.00 512.63
5384.70 3 0.245 24.997 418.00 506.75
5434.53 1 0.250 25.020 442.00 85.08 499.65
5434.53 2 0.249 25.006 454.00 500.17
5434.53 3 0.249 25.009 595.00 486.07
5533.79 1 0.244 24.993 683.00 118.08 496.87
5533.79 2 0.248 24.997 525.00 504.86
5533.79 3 0.250 24.988 452.00 507.94
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FeCl; = 100 mg/L

Initial SRP Rep  Mass Mass Final SRP  Std Dev ug P
(ng/L) sediment standard (ng/L) adsorbed / g
(2) (2) sediment

5335.00 1 0.248 24.973 101.00 14.57 527.05
5335.00 2 0.251 24.998 129.00 518.48
5335.00 3 0.264 25.000 108.00 494.98
5359.77 1 0.246 24.994 110.00 4.51 533.39
5359.77 2 0.250 24.998 114.00 524.53
5359.77 3 0.251 24.999 105.00 523.36
5384.70 1 0.249 25.006 118.00 6.66 528.91
5384.70 2 0.244 24.995 117.00 539.62
5384.70 3 0.250 25.009 129.00 525.76
5434.53 1 0.261 25.000 128.00 67.86 508.29
5434.53 2 0.245 25.058 244.00 530.87
5434.53 3 0.248 24.981 125.00 534.83
5533.79 1 0.250 24.999 118.00 5.13 541.56
5533.79 2 0.248 24.984 115.00 545.90
5533.79 3 0.255 25.003 125.00 530.34
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Glossary

Benthic
Control

Eutrophic

Hydrolysis

Inoculum

Phytoplankton
Redox

dwelling on or near the bottom or on a substrate

test vessel not amended with P or FeCls

polluted; nutrient enriched; turbid due to presence of algae; highly primary
producer productivity

proton transfer, hydrogen atom; or breaking a bond

CB cells collected from a liquid stock culture and transferred to a new medium,
resulting in a lower cell concentration

small, suspended, photosynthetic plants and cyanobacteria

electron transfer, loss or gain
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