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Text S1. Natural Surface Water Source and Sample Characterization

A four-liter grab sample was collected from the regulating basin of Seattle Public
Utilities” Tolt River water treatment plant, where the water source is the South Fork Tolt River.
At the Tolt facility, water is impounded within the South Fork Tolt Reservoir prior to
conveyance through a pipeline to a regulating basin located roughly two miles from the main
plant. From the regulating basin, raw water is piped into the main plant, where it is ozonated,
amended with ferric chloride, filtered through anthracite coal, and finally chlorinated prior to
passage into the distribution system. The water sample was stored at 4° C and filter sterilized
prior to use (using a 0.2 um Thermo Scientific Nalgene disposable filter unit), in order to remove
any potential microbial contamination while minimizing alterations to the native chemical
characteristics of the water. The filter was flushed with at least 1 L of the Tolt water prior to
filtrate collection, in order to prevent filtrate contamination by carbon originating from the filters.
Prior to use in experiments, the water sample was buffered with sterile 10-mM phosphate to pH

8. Water quality parameters for the sample are summarized in Table S1.

Text S2. HCT-8 Cell Line Maintenance and Infectious Oocyst Enumeration Procedures
HCT-8 cell line maintenance. HCT-8 cells were routinely passaged on Mondays and
Thursdays. All cells used for infections were within their 30™ passage. On Mondays, a flask of
HCT-8 cells was set up to enable seeding of 48-well plates on Wednesdays as needed. HCT-8
seeded 48-well plates were inoculated with oocyst samples on Friday and stained for
enumeration of oocyst infectivity on Mondays.
Infectious oocyst enumeration. Following staining, the numbers of infectious foci

(defined as clusters of Cryptosporidium intracellular developmental stages originating from
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infection by a single oocyst) in each sample aliquot were counted at 40x magnification, using an
inverted epifluorescence microscope with MetaMorph® Microscopy Automation & Image
Analysis Software to scan individual 1 mm? sections of a grid spanning the entirety of the well
corresponding to that sample aliquot. An infectious focus was defined in accord with previous
conventions,' where an individual focus was taken to comprise >3 visible Cryptosporidium life
stages of ~1-10 um in diameter within an area of approximate diameter <175 um, with life stages
distinguished from background fluorescent artifacts on the basis of fluorescence color and
intensity. One infectious focus was taken to correspond to a single infectious oocyst. A
composite image assembled by splicing together images of all 1 mm? sections for a single well
analyzed in this manner is shown in Figure S1a. Infectious foci are visible as distinct fluorescent

“points”. An example of a single infectious focus at 100x magnification is shown in Figure S1b.

Text S3. Simulated and Natural Solar Irradiation Procedures

Simulated sunlight experiments. Experimental sets 1 and 4 (see Table S2) were
undertaken in 50-mL crystallization dishes in duplicate, with thermostating at 25 °C, according
to the procedures described in Forsyth et al. (2013).? Experimental set 3 (Table S2) was
undertaken according to the same general procedures as for sets 1 and 4, but using N,-sparged
solutions in a 300-mL gas-tight reactor, also as described in Forsyth et al. (2013).> Samples were
irradiated using a Model 66924 arc lamp source equipped with a 450-W Os-free Xe arc lamp,
focusing collimator, atmospheric attenuation filter (cutoff of A <290 nm), and dichroic mirror
(Newport-Oriel). The FAC only and FAC + light experiments for each set were undertaken at
[FAC]o=8 mg L™ as Cl,. In some cases, FAC was redosed to 8 mg L™ as C, after a certain

irradiation time to permit continuation of experiments after depletion of the initially dosed FAC.
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Natural sunlight experiment. Natural sunlight experiments (designated as experimental
set 2 in Table S2) were undertaken in duplicate 30-mL quartz test tubes at ambient temperature
(34+2 °C), according to the general procedures described in Forsyth et al. (2013).? Samples were
irradiated by placing them on the roof of the More Hall Civil and Environmental Engineering
building under clear skies between 2:00 and 3:00 PM on 7/10/14. Temperature was monitored by
means of a thermometer in a paired control containing the same experimental matrix as treated
samples, absent oocysts and FAC. Sample tubes were inclined at an angle of 30° from the
horizontal (roughly equivalent to the solar zenith angle in Seattle, WA, at mid-afternoon on
7/10/14), and reaction solutions were continuously stirred using PTFE-coated magnetic stir bars
and a multi-position magnetic stir plate. Dark control (FAC only) experiments were undertaken
in the same manner as for simulated sunlight experiments, but with thermostating at 34 °C. FAC
only and FAC + light experiments were undertaken at initial [FAC] levels of 8 mg L™ as Cl,.
FAC was redosed to 8 mg L™ as Cl, after 30 minutes of irradiation in order to permit

continuation of experiments after depletion of the initially dosed FAC.

Text S4. Spectroradiometric and Actinometric Measurements

Spectral irradiance measurements were obtained using a USB2000+ XR
spectroradiometer (Ocean Optics) equipped with a 200 um x 2 m optical fiber and a CC-3-UV-S
cosine corrector. Incident irradiance spectra were obtained for each light source with the cosine
corrector aligned perpendicular to the plane of the water sample being irradiated, at the elevation
of the water surface relative to the light source, and directly toward the light source. Overall
incident irradiances, W (in W m™), were obtained from 290 to 400 nm by integration of the area

under the resulting spectral irradiance curves, yielding representative values of Wss 3-290-400nm =
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82 W m™ and 112 W m™ for simulated sunlight in 50-mL crystallization dishes and the 300-mL
reactor used for anoxic experiments, respectively, and Wxs 3=290-400nm = 38 W m™ for natural
sunlight in quartz tubes (compared to 46 W m™ over the same wavelength range for the ASTM
G173-03 standard for solar radiation — hemispherical on a 37° tilted surface — at sea level °).
Representative incident spectral irradiance curves are depicted for simulated and natural sunlight,
in comparison to the ASTM G173-03 standard at sea level, in Figure S2.°

Effective in situ fluence rates, Fiot 1=290-400nm, from 290-400 nm were determined by
means of p-nitroanisole (PNA)/pyridine actinometry for simulated sunlight and natural sunlight
experiments.4 Actinometer solutions containing 1 uM PNA and 10 mM pyridine were prepared
in Milli-Q water. These actinometer solutions were then transferred into the same 50-mL
crystallization dishes or 300-mL reactor as used for disinfection experiments under simulated
sunlight, or the same 30-mL quartz tubes as used for disinfection under natural sunlight. The
actinometer solutions were kept in the dark until the start of each experiment, after which they
were exposed to light for similar durations as utilized in the oocyst inactivation systems. Samples
were obtained from the irradiated actinometer solutions at pre-defined intervals for PNA
analysis. PNA concentrations were measured on an UltiMate 3000 HPLC-UV system (Thermo
Scientific/Dionex), using isocratic elution on a Supelco Ascentis C18 column (150 x 2.1 mm, 3
pum), with 50:50 CH3CN:10-mM H3PO, as mobile phase. Values of Fiot i=290-400nm (in units of J

m?s”, or W m?) were determined from PNA loss rates in accord with established procedures.>*

Text S5. Competition kinetics measurements.
The value of ks (for reaction of O(’P) with tBuOH) was determined by means of

competition kinetics,” using an approach in which the initial rate of O3 production from reaction
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120 of OCP) with constant [O,] was monitored in the presence of varying [tBuOH]. OC’P) was

121  generated through photolysis of [FAC]o = 8 mg L™ as Cl, under simulated sunlight in pH 8.0, 10-
122 mM phosphate buffer at 25 °C, using the same reactor setup as for experimental sets 1 and 4

123 above. Experiments were undertaken in the presence of [O,] = 2.8 x 10* M and [tBuOH] = 0-2.5
124 x 10" M, as well as 2.5 x 10° M of an O3 probe compound, cinnamic acid, which reacts rapidly
125 (k=3.8x 10° M's™ at pH 8) and selectively with Os to yield 1 mol benzaldehyde/mol Os

126  consumed.® Under these conditions, the cinnamic acid concentration is high enough to trap ~100%
127  of O; generated at early times (<90s) without disturbing OCP) levels. Initial rates of Os

128  formation were determined in such solutions by monitoring buildup of benzaldehyde from 0-60
129  seconds after initiation of FAC photolysis. Benzaldehyde concentrations were measured with an
130  UltiMate 3000 HPLC-UV system (Dionex), using gradient elution on an Ascentis RP Amide

131 column (150 % 2.1 mm, 3 pm), with CH3CN and 10-mM H3;PO, as mobile phases.

132 The data from these experiments were evaluated according to eq S1,’

A[O,]/At), A[0,]), ;[tBu
SR CE R R o)

134 where (A[O3]/At), is the initial O3 formation rate in the absence of tBuOH (for At = 60 s),
135  (A[Os]/At) the initial O3 formation rate at a given value of [tBuOH], ks the second-order rate
136  constant for reaction of O(*P) with tBuOH, and k3 the second-order rate constant (4.0 x 10° M's

137 1’ for reaction of OCP) with O,. The value of ks was in turn obtained from the slope of a plot of

AlO, /A
138 M —1 versus [Bu_OHL as shown in Figure S4.
(A[o,]/at) [0,]
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139  Table S1. Characteristics of Tolt River WTP sample.

Parameter Value
pH 8.0°
DOC (mg CL™) 1.2
Carbonate alkalinity (mg L™ as CaCO3) 9.5
SUVA,s4(L mg”' m™) 3.0
SUVA;;3(L mg”' m™) 1.2
SUVAses (L mg” m™) 0.4
140 @ Sample buffered at pH 8.0 using 10-mM phosphate (native pH = 7.0)
141
142
143  Table S2. General experimental conditions and corresponding C. parvum oocyst stock information
. . I . .. . Days from
Experimental Conditions® Lot # Shedding Purification Receipt Disinfection Shedding to
Set Dates Date Date Date Disinfection

pH 8.0 PB, 25 °C,
SS

pH 8.0 Tolt water,

140325 3/21/14-3/25/14 3/25/2014 3/26/2014  4/3/2014 9

b b
2 34(2) °C, NS 140613  6/9/14-6/13/14  6/13/2014 6/17/2014  7/10/2014 27
3 pH 8.0 PB, 25°C 140410 4/7/14-4/10/14  4/10/2014 5/28/2014  6/5/2014 56
w/o Oy, SS
pH 8.0 PB, 25 °C
4 w/ tBuOH, SS 140410 4/7/14-4/10/14  4/10/2014 5/28/2014  5/29/2014 49

144 ®PB — 10-mM phosphate buffer, SS — simulated sunlight, NS — natural sunlight; ® The accompanying FAC only experiment for this set
145  was undertaken on 7/17/14 (i.e., oocysts in the FAC only experiment were 34 days old).
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(@) (b)
Figure S1. Examples of (a) a typical well in a 48-well plate, and (b) a single infectious focus
within such a well, as analyzed by the CC-IFA method. Images (a) and (b) were obtained using
an inverted epifluorescence microscope with 10x objective at 40x magnification®* and 100x
magnification, respectively. *Image (a) is a composite of multiple images taken at 40x
magnification for each 1 mm? section of a grid spanning the entirety of the well, with all 1 mm
images spliced together by the MetaMorph® software used for counting. Infectious foci (defined
as clusters of Cryptosporidium intracellular developmental stages originating from infection by a
single oocyst) are visible as distinct fluorescent “points” in image (a).
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Figure S2. Direct incident spectral irradiance curves between 290 and 400 nm for (i) the
Newport Solar Simulator (with dichroic mirror and atmospheric attenuation filter) at beam center
and the surface of irradiated reactor solutions, and (ii) natural sunlight on the roof of More Hall
(Seattle, WA) at 2:00PM on 7/10/14, at an angle of 30° from the horizontal, compared to the
ASTM G173-03 solar irradiance standard (hemispherical on a 37° tilted surface).
Spectroradiometric measurements were taken using an Ocean Optics USB2000+ XR
spectroradiometer equipped with a 200 pm x 2 m optical fiber and a CC-3-UV-S cosine
corrector.
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Figure S3. Residual infectivity of C. parvum Iowa strain (Harley Moon) oocysts versus CTgac
levels reached during exposure of FAC-containing pH 8.0, 10-mM phosphate buffer (PB) to
simulated sunlight (SS) at 25 °C, and during exposure of FAC-containing pH 8.0 Tolt River
WTP water (Tolt) to natural sunlight (NS) at ambient temperature (34+2 °C), compared to
corresponding FAC only controls. See Table S2 (experimental sets 1 and 2) for details on the
oocyst stocks used in each experiment.
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Figure S4. Competition kinetics plot obtained from measurements of the initial rate of O3
formation in the reaction of 2.8 x 10 M O, with OC’P) in the presence of varying concentrations
of tBuOH (0-2.5 x 10" M). OCP) was generated through the simulated sunlight-driven
photolysis of [FAC]o =8 mg L™ as Cl, in pH 8.0, 10-mM phosphate buffer at 25 °C. Initial Os
formation rates were determined over the first 60 seconds of photolysis, based on the buildup of
benzaldehyde in the presence of 2.5 x 10° M cinnamic acid.
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186  Scheme S1. Effects of deoxygenation and tBuOH amendment on oocyst inactivation during
187  FAC photolysis.
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