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S1 analyses of the 3DEEM spectra

The fluorescence spectra were divided into five regions, representing five corresponding DOM types based upon their
excitation-emission properties (Chen et al., 2003). Rayleigh scattering was removed by subtracting the blank spectrum and Raman
scattering was adjusted by interpolation, followed by fluorescence regional integration (FRI) to calculate the percentage fluorescence
response (P;, %) for quantitative analysis of fluorescence EEMs (Chen et al., 2003). As shown in Fig. 1, the distribution of
fluorescence intensity varied notably across the three types of recharge water assessed. The DOM in SE had fluorophores in region Il
with a respective EEM center and exhibited EEM shoulders in regions 1V and V, with a similar distribution observed for river water,
although fluorophores were in regions Il and 111. In contrast, the fluorophores in rainfall water were distributed in regions I and Il, with
the possibility that the DOC was too low to effectively identify its fluorescence properties. In rainfall water, the relative contributions
of P to DOM were 42.26% and 33.05%, in region | (tyrosine-like substances) and region Il (tryptophan-like substances) respectively,
followed by region 11 (fulvic acid-like substances) with 10.99%, region IV (soluble microbial by-product) with 8.69% and region V
(humic acid-like organics) with 5.01%. For river water, the distribution of contribution of P in the five DOM fractions, were relatively
uniform and varied in the range of 13.72-25.74%. SE is rich in fulvic acid-like substances (P,;=28.08%) and soluble microbial
metabolites (P,,=24.48%) as stated in the literature (Hao et al., 2012), and the proportion of P in DOM regions I, Il and V was 6.47%,
21.55% and 19.42%, respectively. When E. coli cells dwell and grow in recharge ponds containing recharge water, the different
physiological responses observed are likely to be induced by the different levels of nutrient deprivation in different recharge water

resources.

S2 the outer membrane proteins (OMPS) assay

The OMPs of the E. coli cells were extracted and profiled using sodium dodecyl-sulfate polyacrylamide gel electrophoresis
(SDS-PAGE) as described by Laemmli (1970). Cell samples cultivated in LB for 16 h, and cells that were then starved in SE, river
water and rainfall for 50 h were taken to examine, and the cultures were adjusted to the same optical density ODgg Of 0.5. Briefly, E.
coli cells were harvested by centrifugation (10,000>g/4 <C, 10 min), then resuspended in 5 mL sterile NaCl (0.15 M). The supernatant
was centrifuged again at 10,000 < g for 10 min at 4 <T to pellet the membranes. To solubilise the OMPs, the membranes were
resuspended in 2% sodium lauryl sarcosinate (Sigma) at room temperature for 1 h. Centrifugation at 100,000 =< g (40 min, 4 <C) was
performed again to pellet the OMPs. The resulting OMP pellet was resuspended in 0.25 mL sterile 0.15 M NaCl solution, the OMPs
were separated on 12% SDS gel by SDS-PAGE and stained by Brilliant Blue G-Colloidal Concentrate 2025 (Sigma) (Chourabi et al.,
2017). The concentration of OMPs in the final preparation was determined using the Bradford assay (Thermo Scientific, NanoDrop

2000).
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S3 the interaction energy calculation using XDLVO theory

The E.coli cells-sand particles interaction energy under selected solution chemistry conditions were examined using Extended
Derjaguin Landau Verwey Overbeek (XDLVO) theory. This theory considers the total interaction energy of cell-sand as the sum of the
Lifshitz-van der Waals (LW), the electrostatic double layer (EDL), and the Lewis acid-base (AB) interactions. The interaction energy

() can be calculated as (Li et al., 2018; Yan et al., 2019):
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Where A is the Hamaker constant, h is the separation distance, r is the radius of the bacterial cell, A is the characteristic of the
wavelength (100 nm), & is the dielectric permittivity of vacuum (8.854x10*? C/V m), ¢ is the dielectric constant of water (78.55), { is
the surface potential, the subscripts b and s denote as bacteria and sand, « is the Debye-Hitkel reciprocal length, Aag is the
characteristic decay length of AB interactions in water (0.6 nm), h, is the distance of the closest approach, AGﬁf is the AB interaction

free energy per unit area corresponding to hy.
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Where, N, is the Avogadro constant (6.02x10% /mol); e is the elementary charge (1.602x10™*° C); / is the ionic strength, Kg is the
Boltzmanm constant (1.381x10°%% J/K); T is the absolute temperature (294.50 K). The subscripts of b, s, and w represent bacteria cells,
sand and water, respectively. For quartz sands, the reported values of yXW, y& and y; are 39.2, 1.4, and 47.8 mJ/m?, and they were
21.8, 25.5, and 25.5 for water phase correspondingly (Li et al., 2018; Yan et al., 2019).

The " values of the E.coli cells can be calculated from the electron-accepting and electron-donating interfacial tension values,

the surface interfacial tension parameters of the selected probing liquids (v-), and contact angles (6) of cells in three probing liquids

(water, glycerol, and diiodomethane):
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Yi(1 + cos6) = 2 /Y%Wv“’" +2\vfy + 2.y v? (S8)
Where the subscript i represents water (y1=72.8, y*W=21.8, y+=y~=25.5 mJ/m?), glycerol (y-=64.0, y*W=34.0, y*=3.92,

y~=57.4 mJ/m?), and diiodomethane (y©=50.8, y*W=50.8, y*=y~=0 mJ/m?), respectively.

S4 numerical modelling
One dimensional advection-dispersion equations were used to describe the transport process of E. coli cells in the saturated sand

columns, as defined in Equations (S9)-(S10) (Fan et al., 2015; Chu et al., 2019):

a(nC) &8s 8’c _ac
2 g2 S9
a P "7 Y% (S9)
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-
v = [1_L]{MJ (S11)
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Where, n is the porosity; C is the concentration of cells in liquid phase; p is the bulk density of the packed sand; S is the
concentration of cells in the porous medium,; q is the flow rate; kg and Kge are the attachment and detachment coefficients;  is
a dimensionless deposition function for E. coli cells; Spay is the maximum concentration of deposited E. coli cells; d; is the
average sand diameter and £ is an empirical variable (with an optimal value of 0.432 suggested by Bradford et al. (2003)). This
model can describe multiple mechanisms of cells transport, including advection, dispersion, straining, blocking and
attachment/detachment (Zhou et al., 2016). The model was inversely fitted to data from the BTCs, to determine the parameters K, ,
Kget and Spax . The conventional attachment and detachment model, without considering the blocking and straining effects, was

obtained by setting y =1.
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87  Fig. S2 The growth curve of E.coli
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