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Figure S1 - Temperature Profiles for 24 h Pretreatments.

Figure S2 – Column Test Schematic.
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XDLVO Calculations for t0 P25 Suspensions at 10 °C

Calculations of particle – collector interactions using extended DLVO (XDLVO) 
theory were performed using the Micro-and Nanoparticle transport, filtration and 
clogging Model – Suite (MNMs 2018 version 3.010). In the software package, the 
double layer interactions were calculated with the Gregory LSA model (1), and the 
Steric interactions comprehend both osmotic and elastic repulsion. Both 
contributions were calculated following the Vincent et al. 1986 As suggested by 
Elimelech et al., the Born repulsion was not considered because the presence of the 
NOM prevents the particles to approach closer than few nanometers. 

Values used are given in Table S1, with calculations of potential energy versus 
separation distance for the TiO2–H20–SiO2 system shown in Figure S4. Given that 
our system uses non-spherical particles in a complex media, theoretical calculations 
should be considered rough estimates only. For example, the overlap in potential 
energy curves in Figure 1e for 1 and 10 ppm NOM is due to differences in measured 
DLS size (170 vs 150, respectively) and highlights the imperfection in XDLVO 
calculations. If the same size particle (e.g. 170 nm) is used, then different potential 
energy curves are obtained as would be anticipated from measurements of NP 
breakthrough and calculations of alpha (data not shown). If one looks at MHRW 
(with an IS of 13mM), calculations of alpha are nearly identical (0.017 and 0.014 for 
1 and 10 ppm NOM, respectively) as would be predicted by the XDLVO theory. 

Table S1. Values used in MNMs software for XDLVO calculations.
Property Value Reference

Hamaker collector A11 [J] 8.80E-20 (2)
Hamaker TiO2 A22 [J] 7.00E-20 (3)

Zeta Sand 0.1 mM [mV] -35.8
Zeta Sand 10 mM [mV] -25.2

Zeta Sand 100 mM [mV] -22.2
(4, 5)

Volume fraction Brush layer 0.001 Assumed

Thickness brush layer [m] 3.00E-09
Assumed from 

(6)
Density polymer [kg/m3] 1500 (7)

Volume of polymer molecule [m3] 6.55 e-27 (8)
Average molecular weight [g/mol] 2200 (9)

Average Valence MHRW 1.3 Calculated
Particle size [m] Table 1 This work

Zeta potential [mV] Table 1 This work



Deposition of CoRI is Greater Than P25 for t0 Suspensions

Figure S3– BTCs of P25 and CoRI under the same conditions, illustrating that 
deposition of CoRI is greater than P25 for t0 suspensions.

Table S2. Summary of NP characterization for Figure S3.
Influent Aggregate Size

(Diameter, nm) Apparent 𝛼

Suspension IS (mM)
NOM 

(ppm)
ZP (mV) Z-average PDI

Intensity 
Weighted

C/C0
Intensity 
Weighted

P25, t0 1 0 -29.9 ± 1.5 165 0.19 176 0.99 0.004
CoRI, t0 1 0 -32.9 ± 2.0 934 0.75 355 0.74 0.071

P25, t0 MHRW (13) 10 -18.8 ± 0.8 163 0.18 163 0.97 0.014
CoRI, t0 MHRW (13) 10 -24.2 ± 0.6 1155 0.75 436 0.77 0.079
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S4 – SEM of various P25 suspensions in 1mM NaCl, illustrating aggregation as a 
function of NOM concentration and treatment.



Illustration of Eta, Alpha Values as a Function of Size

Figure S5 – Contact and efficiencies for CoRI NPs in 0 ppm NOM, 100 mM NaCl 
calculated as a function size. 

Calculated  and η values for CoRI NPs in 0 ppm NOM, 100 mM NaCl are shown in Figure 
S5. Per Tufenkji and Elimelech, η0 = ηD + ηI + ηG (10). For this sample, the intensity 
weighted size is 916 nm, while the Z-average size is 2532 nm, yielding very different  
values. Both sizes indicate straining is a factor in the system. This is reflected in the 
calculated  value above 1 at 916 nm. The decrease in calculated  values as particle size 
increases is a result of gravity beginning to dominate transport, although straining (not 
represented in η calculations) will also play a role in deposition. 
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