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1. Primers and probes used in the ddPCR assays
Table S1. Assay primers and probes used for detection of HF183 and PMMoV by ddPCR

	Assay
	Primers and Probes (5’  3’)
	Amplicon Length
	References

	HF183/ BacR287
	F: ATCATGAGTTCACATGTCCG
R: CTTCCTCTCAGAACCCCTATCC
[FAM]-CTA+ATGGAAC+G+CA+T+CCC-[IABkFQ]1
	191 bp
	Green et al. (2014)

	PMMoV
	F: GAGTGGTTTGACCTTAACGTTTGA
R: TTGTCGGTTGCAATGCAAGT
[FAM]-CCTACCGAAGCAAATG-[MGB]
	125 bp
	Zhang et al. (2006)
Haramoto et al. (2013)
Symonds et al. (2016)


1 Locked nucleic acid (LNA) probe (Integrated DNA Technologies); + indicates locations of extra methylene bridges
FAM = 6-Carboxyfluorescein (on 5’ end)
IABkFQ = Iowa Black® FQ quencher (on 3’ end)
MGB = minor groove binder


2. Calculation of the assay limits of detection
The ddPCR limit of detection, defined as the number of copies per reaction that results in a 95% probability of detection, was calculated with the same approach used to fit dose-response model in quantative microbial risk assessments (Haas et al. 2014). Either the exponential model (Equation S1) or the approximation to the Beta-Poisson model (Equation S2) was used to predict the probability of detection of a particular number of gene copies in a PCR, where d represents the mean number of target genome copies added to each reaction well (i.e., the mean concentration multiplied by the volume pipetted into the reaction well), k represents the probability of PCR amplification, N50 is the number of target genome copies that will result in a 50% probability of detection, and  is a shape parameter:

 	(S1)
 	(S2)

The data (Table S2) were used to find the best fit parameters for the models by minimizing the total residual deviance between the measured rates of detection and the probabilities of detection (i.e., using either Equation S1 or Equation S2). Then, the total deviance was tested against a right-tailed chi-squared distribution with N – 1 degrees of freedom for the exponential model (Equation S1) or N – 2 degrees of freedom for the Beta-Poisson model (Equation S2), where N is the number of positive control dilutions tested (e.g., N = 3 for HF183 because positive controls were tested at three different dilutions: 3.3, 33, and 330 copies per reaction). If both models passed the goodness of fit test, then a chi-squared test with 1 degree of freedom (since the exponential model is a special case of the Beta-Poisson model and uses one less parameter) was used to determine the most preferable model. The results based on the data shown in Table S2 were than the Beta-Poisson model provided the best fit for the HF183/BacR287 assay positive controls, and the exponential model provided the best fit for the PMMoV assay positive controls. Using the Beta-Poisson model, the limit of detection for the HF183/BacR287 assay was estimated to be 47 copies per reaction. Using the exponential model, the limit of detection for the PMMoV assay was 19 copies per reaction.

Table S2. Results of ddPCR positive controls and parameters for estimating limits of detection
	Assay
	Quantity of gBlocks added per reaction1
	Number of replicates where positive signal was detected
	Total number of replicates analyzed
	Measured rate of detection (%)

	HF183/ BacR287
	3.3
	12
	22
	54.6%

	
	33
	22
	24
	91.7%

	
	330
	18
	18
	100%

	PMMoV
	2.4
	1
	4
	25%

	
	24
	4
	4
	100%

	
	240
	6
	6
	100%


1 Quantity was measured in high concentration stock using the Qubit dsDNA HS Assay Kit following manufacturer’s recommended protocol, then serial tenfold dilutions were prepared, and the quantities of gBlocks added per ddPCR reaction shown here were estimated based on the Qubit measurements and the dilutions prepared.

3. Quality assurance and quality control methods
Quality assurance and quality control recommendations were followed as described by Huggett et al. (2013). Custom gBlocks containing the target amplicons with at least 10 bp on either side of the primers (Integrated DNA technologies) were quantified by Qubit (1X dsDNA HS Assay), then serially diluted and analyzed as positive controls at concentrations between 0.1 and 1,000 copies per reaction. The results from these positive controls were used to determine the assay limits of detection, described above, defined as the 95% probability of detection and estimated as described previously (Verbyla et al., 2016), and found to be 47 copies per reaction for HF183 and 19 copies per reaction for PMMoV. Considering the sample volumes filtered, this is equivalent to around 2,000 copies/100 mL for HF183 and around 3,100 copies/100 mL for PMMoV. No template controls (NTCs) and positive controls were analyzed alongside samples for each ddPCR run, and none of the NTCs were positive for either marker. All ddPCR were run in duplicate and inhibition was assessed by spiking samples with a known concentration of gBlocks. 
Matrix spikes were analyzed to test for PCR inhibition for both assays (HF183 and PMMoV). Briefly, a known concentration of gBlocks containing the amplicon for HF183 or PMMoV was added to a replicate reaction for each sample, and the quantity measured was compared to the quantity measured in the unspiked sample plus the theoretical quantity added from the gBlocks. Resulting values were all within 0.5 log10 units of the expected value, indicating no evidence of major PCR inhibition. 
A single extraction blank was analyzed alongside samples at the beginning of the study and yielded negative (non-detect) results for HF183. It is important to note that the extraction blank was not analyzed for PMMoV, so the possibility of laboratory contamination with PMMoV could not be strictly ruled out. Nevertheless, extra measures were taken to avoid cross-contamination during sample preparation. All surfaces were wiped down with 10% bleach prior to sample processing and nucleic acid extraction. Furthermore, the thermocycler was located in a different room than the one used for sample processing, and after ddPCR analysis, all plates (still sealed) were immediately bagged and carried out of the laboratory, to reduce the possibility of contaminating laboratory surfaces with PCR products. Other precautions included changing gloves after touching plates with PCR products and using completely separate sets of pipettes for sample processing and the preparation of PCR reagents. The preparation of standard dilutions using gBlocks was likewise performed in a completely different room than sample processing and PCR thermocycling.

Table S3. Results of ddPCR positive controls and parameters for estimating limits of detection
	Item
	How the item was addressed

	Definition of experimental and control groups
	Controls comprised duplicate soil samples that were not spiked with wastewater, but were subjected to flushing, settling, and decanting at the same time as the spiked samples. The supernatant of the experimental controls was analyzed for all parameters in the same manner as the spiked soil samples for the consecutive flushing experiment, with the only difference being that the controls were only flushed once on the first day of the experiment.

	Sample description
	Soil samples were collected at a distance of ~10 m from the south side of Alvarado Creek (32.7778866, -117.0665544), which is a tributary of the San Diego River in San Diego, CA, USA. An area away from sewer manholes and known sewer lines and in between canopy with no anthropogenic debris was chosen, and the top 5 cm of the soil were scraped off with a sterilized scoopula to remove pebbles and large debris. Approximately 4 kg of soil was collected with sterilized scoopula from an area of 1,861 cm2, placed into a sterilized bag, and brought back to the laboratory. The soil was sieved through a 2 mm sieve and homogenized by hand on the same day of sample collection and stored in a desiccator prior to use. 10 mg of soil was dried at ~105⁰C, then homogenized by hand with a sterile trowel before being placed into duplicate sterilized 50 mL centrifuge tubes. The depth of the soil in the centrifuge tubes was approximately 1 inch, and the mass of the soil in each tube was 10 mg. While the soil was not autoclaved, it is possible that the use of the drying oven may have affected the viability of the natural microbial community in the soil. Screened untreated wastewater for soil spiking was collected as a single grab sample from the San Elijo Water Reclamation Facility (Cardiff, CA, USA) during the morning of 29 May 2019 and stored at 4°C until use.

	Volume or mass of sample processed
	After 24 h of spiking soils with wastewater, tubes were removed and flushed once by adding 45 mL of autoclaved synthetic rainwater (0.16 mM CaCl2, 0.02 mM Ca(NO3)2, and 0.12 mM Na2SO4; pH = 7.17, EC = 27.2 S in ultrapure water) (as per Smith et al., 2002) to the centrifuge tube. The tubes were turned twice using an end-over-end motion, then set aside to settle for 10 min. Supernatant was then removed from each duplicate tube by careful pipetting. After this first flush, additional consecutive flushes of 45 mL each were performed for a total of 20 flushes (“consecutive flushing experiment”; Fig. 1a) of each duplicate tube. On average, 38 mL of supernatant was recovered from each flush, but recovery volumes ranged from 33 mL to 44 mL. 

	Processing procedures
	Water Samples: Bacteria and viruses in samples were concentrated from volumes between 30 and 40 mL, using membrane filtration and the adsorption-extraction method, respectively (Ahmed et al., 2015; Symonds et al., 2014; Verbyla et al., 2016). Briefly, MgCl2 was added to samples (final concentration of 25 mM) and the pH was adjusted to 3.0 – 3.5 with 1.0 M acetic acid. Then, samples were vacuum-filtered through 0.45-μm, 47-mm mixed cellulose ester filters (HAWP type, Millipore). Filters were placed into bead-beating tubes (lysis matrix E, MP Biomedical) with 600 µL of lysis buffer from the AllPrep PowerViral RNA/DNA Kit (Qiagen, Germantown, MD, USA) and 10% -mercaptoethanol, and vortexed at high speed for 10 min. After centrifugation at 13,000g for 1 min, filter lysates (typically ~500 µL) were then collected with a pipette, then transferred to clean microcentrifuge tubes, as described previously (Ahmed et al. 2015). Extracted nucleic acids were then purified using the AllPrep PowerViral RNA/DNA Kit, following the manufacturer’s recommended protocols, with final elution in a volume of 50 µL molecular grade water. Then, 8 µL of the extracted and purified nucleic acids were reverse transcribed with random hexamers using the SuperScript IV First-Strand cDNA Synthesis System (Invitrogen), following the manufacturer’s recommended protocol. 

Soil Samples: The Qiagen RNeasy® PowerSoil® RNeasy and DNA Elution kits were used to extract and purify RNA and DNA from up to 2 g of soil samples.  

Nucleic Acid Extraction: The total volume of DNA extracted from each sample was 50 μL, and a volume of 3 μL of DNA or 2 µL of cDNA was used for each ddPCR reaction (with a total reaction volume of 20 μL).

	Reverse Transcription
	RNA was stored at -80°C until reverse transcription. The Invitrogen SuperScriptTM IV Reverse Transcription kit was used to produce cDNA from 8 μL of extracted RNA. Reverse transcription was performed within six months of RNA extraction, with cDNA stored at -20°C. 

	If frozen or fixed, how and how quickly?
	Samples were not frozen or fixed.

	Sample storage conditions and duration
	Sample will be stored in ice between collection and lab. Once in lab, water and runoff samples will be stored at 4°C until processed. Soil and stool samples will be stored at -20°C until processed. Upon extraction, DNA will be stored at -20°C, and RNA will be stored at -80°C. RNA will then be reverse transcribed and stored in at -20°C as cDNA.

	Nucleic acid extraction

	Quantification
	Qubit was used to quantify nucleic acids in positive controls (gBlocks). Instruments from Bio-Rad used for ddPCR:
· QX200TM Droplet Generator
· PX1TM PCR Plate Sealer
· C1000 TouchTM Thermal Cycler
· QX200TM Droplet Reader

Total nucleic acids were not quantified for extracted samples.

	Storage conditions: temperature, concentration, duration, buffer
	RNA was stored at -80°C. DNA and cDNA was stored at -20°C until analyzed using ddPCR.

	DNA or RNA quantification
	Gene targets on DNA and cDNA were quantified using the QX200TM Droplet Reader.

	Storage of nucleic acid: temperature, concentration, duration, buffer
	Nucleic acids were stored as follows:
· RNA was stored at -80°C until reverse transription
· DNA from soil samples was stored at -20°C or -80°C until ddPCR.
· After reverse transcription, cDNA for all samples was stored at -20°C until ddPCR.

	Reverse Transcription (RT) (If necessary)

	cDNA priming method + concentration
	Random hexamers at a concentration of 50 ng/µL

	One- or 2-step protocol
	2-step

	Amount of RNA used per reaction
	8 – 10 μL of extracted RNA was used for reverse transcription

	Detailed reaction components and conditions
		Component
	20-µL rxn
	Final Conc.

	Nuclease-free water
	to 20 µL
	N/A

	5x SSIV Buffer
	4.0 µL
	1x

	10 mM dNTP mix (10 mM each)
	1.0 µL
	0.5 mM each

	100 mM DTT
	1.0 µL
	5 mM

	RNaseOUTTM RNase Inhibitor (40 U/µL)
	1.0 µL
	2.0 U/µL

	50 µM random hexamers
	1.0 µL
	2.5 µM

	Template RNA
	varies
	<5 µg total RNA or <500 ng mRNA



Conditions
· RNA and cDNA synthesis reagents were thawed at room temperature, then 1 µL of Template RNA, 1 µL of 10 nM dNTP mix, and 1 µL of 50 µM random hexamers were added to a nuclease-free PCR tube. The total volume was adjusted to 13 µL with RNase-free water.
· Secondary structures of the template RNA were melted by incubating at 65 °C for 5 min. The vial was then cooled on ice.
· The 5x SSIV Buffer was vortexed, then briefly centrifuged.
· The reaction master mix (final volume 20 µL for each reaction) was prepared as follows: 4 µL of 5x SSIV Buffer, 1 µL of 100 mM DTT, 1 µL of RNaseOUTTM RNase Inhibitor (40 U/µL), and 1 µL of SuperScriptⓇ IV Reverse Transcriptase (200 U/µL). 
· RT reaction mix was added to the annealed RNA.
· Reaction mixture was incubated at 23°C for 10 minutes, and then at 50-55°C for 10 minutes. Finally, reaction was inactivated by incubating at 80°C for 10 minutes. 
· If not used immediately for ddPCR, the cDNA was stored at -20°C.

	ddPCR target information

	Sequence accession number and amplicon lengths
		Target
	Sequence Accession Number
	Amplicon Length (bp)

	HF183/BacR287
	AB242142.1
	191 bp

	PMMoV
	M81413.1
	125 bp




	In silico specificity screen (BLAST, etc.)
	Geneious software was used to screen specificity in silico.

	ddPCR protocol

	Primer/probe sequences (5’-3’)
	See Table S1.

	Complete reaction conditions
	As specified by Bio-Rad ddPCR Supermix for Probes (#186-3010)

	Reaction volume and amount of RNA/cDNA/DNA
	Molecular targets were quantified with the Bio-Rad QX200 droplet digital polymerase chain reaction (ddPCR) system, in a 20 µL reaction with 3 µL of purified DNA or 2 µL of cDNA containing the ddPCR Supermix for Probes (Bio-Rad), as well as primers and probes for the HF183/BacR287 or PMMoV assays (Supplementary Information) at final concentrations of 900 nM (primers) and 250 nM (probes). Amount of total DNA or cDNA was not quantified for unknown samples.

	Primer, (probe), Mg++ and dNTP concentrations
	· Primer: 900 nM
· Probe: 250 nM
· Mg2+: None
· dNTP: Contained in ddPCR Supermix for Probes (Bio-Rad cat. no. 186-3010), used at a final concentration of 1X

	Polymerase identity and concentration
	Proprietary: ddPCR Supermix for Probes 2X (final concentration of 1X in reaction mixtures)

	Additives (SYBR green I, DMSO, etc.)
	None

	Complete thermocycling parameters
	Thermocycling conditions were set to 95°C for 10 min followed by 40 cycles of 94°C for 30 s, then 60°C for 1 min. After completion, samples were held at 98°C for 10 min.

	Partition number
	>10,000 droplets

	Individual partition volume
	~1 nL/droplet

	Total volume of the partitions measured (effective reaction size)
	20 μL

	Comprehensive details and appropriate use of controls
	· Each run contained at least 2 NTC and 2 positive controls.
· gBlocks from IDT Integrated DNA Technologies (minimum 125 bp, with at least 10 bp on either side of the locations of primer attachment) were used as positive controls (see accession numbers above).
· No template control (NTC) reactions were prepared with RNase free water instead of template nucleic acids.
· Matrix spikes were analyzed to assess PCR inhibition. Average recovery of matrix spikes (gBlocks) was 104%, with the minimum recovery of 24%.

	Manufacturer of ddPCR instrument
	Bio-Rad Laboratories
· QX200TM Droplet Generator
· PX1TM PCR Plate Sealer
· C1000 TouchTM Thermal Cycler
· QX200TM Droplet Reader

	Data analysis

	ddPCR analysis program (source, version)
	QuantaSoftTM Analysis Pro 1.0.596

	Results of no-template controls
	Negative

	Number and stage (RT or ddPCR) of technical replicates
	· Two technical ddPCR replicates were analyzed for each biological replicate.

	Repeatability (intra-assay variation)
	Intra-assay variation was measured as the coefficient of variation between duplicate reactions.

	Statistical methods used for analysis
	Changes in microbial loadings in rainwater flushed through sewage-spiked soils with respect to the number of flushes (i.e. volume of flushed water) were tested using linear regression. Differences in the rate of decrease in microbial loadings in rainwater flushed through sewage-spiked soils with respect to the number of days since contamination were assessed using analysis of covariance (ANCOVA) to test the equality of slopes for log-linear regression curves for pseudo-first order decay. All statistical tests were performed at the alpha level of 0.05 using R v3.4.2 or Microsoft Excel.






4. Changes in chemical characteristics during flushing

Consecutive flushing with synthetic rainwater resulted in rapid decreases in dissolved organic carbon (DOC) and total dissolved nitrogen (TDN) concentrations, especially during the first 5 flushes. The decrease in both DOC and TDN concentrations followed curves that appeared to be consistent with second order rate processes. Supporting Figure S1 shows that linear regression of 1/concentration plotted with respect to flush volumes had r2 values ranging from 0.98 to 0.999, with second order rate constants of 0.028 to 0.035 for DOC and 0.36 to 0.84 for TDN.

[image: ]
Figure S1. Inverse concentrations plotted with respect to flush number for duplicate consecutive flushing experiments. Each flush represents 45 mL of synthetic rainwater added to the soil and approximately 38 mL recovered from the soil after each flush. For one of the replicate experiments, by flush #10, the curve deviated from 2nd order rate process; therefore dashed lines connect flushes 5 and 10 in that replicate experiment, and  linear regressions were only performed for the points connected by solid lines.
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