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Water Impact Statement

We demonstrate wastewater-based epidemiology (WBE) as an effective tool to monitor 
communal viral load of SARS-CoV-2 over multiple infection outbreaks in Los Angeles 
County. When paired with clinical data, WBE could help identify communities requiring 
increased in-person testing. Further, WBE data can be used to estimate the number of 
infected individuals to better understand community disease impact. 
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12 Abstract
13
14 Wastewater-based epidemiology (WBE) is an effective and versatile tool for monitoring 
15 communal viral load. In addition, WBE can enhance clinical surveillance by identifying potential 
16 under testing communities. Here we report the results of WBE surveillance of Los Angeles 
17 County, CA, one of the largest and most populated metropolises in the United States. We 
18 collected weekly samples of 24-hour flow-weighted composite influent from five wastewater 
19 treatment plants for 44 weeks. Wastewater SARS-CoV-2 levels were quantified using RT-qPCR 
20 targeting the CDC recommended nucleocapsid genes N1 and N2. During our study, wastewater 
21 SARS-CoV-2 levels in Los Angeles County experienced two large spikes, once during July-
22 August 2020 and a second during December 2020-January 2021. Wastewater SARS-CoV-2 
23 levels peaked at 3.85E+05 N1 gene copies/L and 3.79E+05 N2 gene copies/L during the first 
24 spike and 2.55E+06 N1 gene copies/L and 2.15E+06 N2 gene copies/L during the second 
25 spike. Pearson correlation analysis of wastewater SARS-CoV-2 levels with clinical data showed 
26 strong correlations of r = 0.94, p << 0.01 for N1 and N2. Further, wastewater SARS-CoV-2 
27 levels from samples collected once a day, over the course of a week, led clinical data by up to 5 
28 days, which suggests WBE could be used as an early warning system for rising community 
29 infections. Monte Carlo simulations, using our measured wastewater SARS-CoV-2 dataset, 
30 estimated the number of infected individuals peaked on January 19th, 2021 with about 1.25 
31 million active cases. The estimated total number of infected individuals for the duration of this 
32 study was 3.42 million people, which represents 34.2% of the population residing in Los 
33 Angeles County. Interestingly, our estimated number exceeds the cumulative clinical case count 
34 by almost 2 million people. This study demonstrates the utility of WBE to track infection 
35 dynamics within large communities. Further, WBE data can be used in Monte Carlo simulations 
36 to estimate the size of the infected population and complement clinical data-based models to 
37 better understand the disease impact on different communities. 

38

39
40
41
42
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43 Introduction
44
45 With the rapid and extensive spread of coronavirus disease 2019 (Covid-19) across the United 
46 States, large-scale monitoring tools, such as wastewater-based epidemiology (WBE), are 
47 gaining interest as a potential solution to help identify and track the spread of the virus, severe 
48 acute respiratory syndrome coronavirus 2 (SARS-CoV-2). WBE is an attractive candidate for 
49 communal monitoring of SARS-CoV-2 as it offers public health systems an economical, non-
50 invasive, and readily deployable tool that complements in-person clinical nasal/saliva 
51 testing(1,2). While in-person testing provides invaluable diagnostic power to understand the size 
52 and demographic of the infected population, issues with potential sampling bias, reporting 
53 delays, and costs are exacerbated when the capacity to provide in-person testing is limited. 
54 WBE offers many advantages that mitigate the shortcomings of in-person testing. For example, 
55 wastewater samples are taken from communal waste streams that draws from all contributing 
56 individuals with equal probability and therefore avoids the potential sampling bias and 
57 inconvenience stemming from the opt-in nature of in-person testing. Further, WBE requires a 
58 relatively short turn-around time, with a number of workflows offering samples to results in under 
59 six hours, regardless of community size, versus one to three days for clinical nasal/saliva 
60 tests(3). With faster time to results, WBE can identify outbreaks or emerging hotspots in near 
61 real-time. Wastewater samples can be used in a variety of assays such as RT-qPCR to quantify 
62 biomarkers for SARS-CoV-2 (e.g., nucleocapsid genes N1 and N2) and metagenomic 
63 sequencing to assess variant composition. In the wake of evolving SARS-CoV-2 variants, RT-
64 qPCR and metagenomic sequencing may be used on stored or fresh wastewater samples to 
65 assess the SARS-CoV-2 variant composition in specific communities over time(4,5). 
66
67 To date, SARS-CoV-2 has been detected in wastewater from countries around the world 
68 including, but not limited to, Turkey(6), Germany(7), Netherlands(8), Australia(9), Japan(10), 
69 and the United States(11). While previous WBE studies have demonstrated that trends in 
70 regional clinical cases of Covid-19 are reflected in wastewater(12), attempts to back-calculate 
71 the infected population size from wastewater SARS-CoV-2 data face multi-faceted and complex 
72 uncertainties stemming from inconsistent viral loading and system-specific factors of each 
73 wastewater collection system. For instance, while studies estimate around 48% of the SARS-
74 CoV-2 infected population shed detectable levels of the virus in their stool(13), reports of SARS-
75 CoV-2 in stool samples range between 102 -108 virus copies/gram of feces. Further, estimates 
76 place the viral shedding period range between 1-33 days, and in rare cases up to 47 
77 days(12,13). Apart from viral loading, the impact of system-specific factors ( e.g., combined or 
78 separate collection systems, wastewater strength, sewer travel time, and temperature) on the 
79 detection and interpretation of the data remains an area needing further refinement(14). For a 
80 detailed assessment of the various variables and uncertainties in back-calculating infected 
81 population size with measured wastewater SARS-CoV-2 data please refer to the review on this 
82 topic by Li et al., 2021(15).
83
84 In this study, we showcase the utility of WBE by monitoring wastewater SARS-CoV-2 load from 
85 five wastewater treatment plants (WWTPs) in Los Angeles County, CA over the course of 44 
86 weeks. The five WWTPs sampled in this study vary in size, with an average influent flow rate 
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87 between 9.87 to 941 million liters per day (MLD) and service populations between 150,000 to 
88 4,000,000 residents each. Collectively, the sampled WWTPs serve over 9 million people, which 
89 accounts for more than 90% of the population in Los Angeles County. More notably, Los 
90 Angeles County experienced the highest prevalence of new Covid-19 cases of all US cities 
91 during the winter surge (November-January), with 27,906 new cases per day at its peak. 
92 Wastewater SARS-CoV-2 load was quantified using the CDC recommended N1 and N2 gene 
93 targets within the SARS-CoV-2 genome via RT-qPCR. Wastewater SARS-CoV-2 data along 
94 with parameters for stool load, viral load, and percentage of infected population for viral 
95 shedding were used to estimate the number of infected individuals via Monte Carlo simulations. 
96 System-specific factors (SSF) for each of the sampled WWTPs were explored for possible 
97 influencing variables that may improve the implementation of large-scale WBE efforts.
98
99 Materials and Methods

100
101 Sample Collection and Enveloped Virus Concentration
102
103 Twenty four-hour flow-weighted composite influent samples were collected from each WWTP on 
104 a weekly basis starting from May 12th, 2020 to March 10th, 2021 (Figure 1, Table 1), except for 
105 Joint Water Pollution Control Plant which was collected twice per week. All samples were kept 
106 on ice during transport from the collection site to the lab and immediately heat treated at 60°C 
107 for 90 min to inactivate the SARS-CoV-2 virus. Samples were concentrated in duplicates, where 
108 one replicate underwent RNA extraction, and the second replicate was stored at -80°C. The 
109 second replicate was processed when reverse transcription or qPCR inhibition was detected 
110 during RT-qPCR runs. A total sample volume of 50 mL was transferred from each sample into 
111 respective sterile 50 mL falcon tubes (Thermo Fisher Scientific, PA). An adsorption and elution 
112 method was used to concentrate the SARS-CoV-2 virus in each 50 mL sample(16,17). Briefly, 
113 each 50 mL sample was conditioned to an approximate 25 mM MgCl2 final concentration. 
114 Conditioned samples were filtered through a 0.45 um HA membrane filter (Whatman) using a 
115 250 mL vacuum filtration setup (Sterlitech, WA). HA filters trap enveloped viruses based on 
116 charge repulsion.
117
118
119
120 A B
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121
122
123 Figure 1A-B: 1A) Map of LA county and sampled sewersheds. Stars represent approximate location of each 
124 sampled WWTP. Orange = Hyperion, Blue = Joint Water Pollution Control Plant, Purple= Long Beach Water 
125 Reclamation Plant, Red = San Jose Creek Water Reclamation Plant, and Yellow = Whittier Narrows Water 
126 Reclamation Plant. 1B) Diagram of the general workflow used in this study to concentrate and measure wastewater 
127 SARS-CoV-2
128 .
129 Table 1: Collections Sites, Flow Rate, People Served, and Sample Frequency. Composite influent samples
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147 RNA Extraction
148
149 Total RNA was extracted from processed HA membrane filters using zirconium bead beating 
150 and the Maxwell 16 LEV simply RNA, blood purification kit (Promega, Madison WI) according to 
151 the manufacturer’s instructions. HA filtration was chosen as the virus concentration method 
152 based on its ease of use, low cost, and consistent high recovery of gene targets compared to 
153 other widely used virus concentration methods(18). Preliminary assessment of our process 
154 workflow efficiency, using spiked bovine coronavirus (BCoV) seeded in heat-inactivated 
155 wastewater samples, achieved an extraction efficiency of 64.7% ± 1.86% (n=3), which is 
156 comparable to the 65.7% ± 23% recovery efficiency reported by Ahmed et al. using murine 
157 hepatitis virus(17). Similarly, our results are comparable to the recovery efficiency reported for 
158 HA filtration studies using BCoV as the proxy virus which range between 27.3-60.5% ± 22.2% 
159 (18,19). Although many studies use a proxy virus of known titer in each sample to adjust the 
160 measured SARS-CoV-2 data, we feared adjusting our measured wastewater SARS-CoV-2 data 
161 with the recovery efficiency of a proxy virus may introduce more biases than it corrects for(20). 
162 Therefore, we here report all SARS-CoV-2 data in its unadjusted form 
163
164 SARS-CoV-2 Quantification
165

Utility Average Flow 
Rate (MLD)

Population 
Serviced

Frequency 
(per week)

Hyperion 
(HYP)

941 4,000,000 1

San Jose 
Creek (SJ)

36.8 992,000 1

Joint Water 
(JW)

305 3,500,000 2

Whittier 
Narrows

(WN)

9.87 150,000 1

Long 
Beach
(LB)

16.5 250,000 1
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166 RNA extracts were analyzed using the SARS-CoV-2 RT-qPCR detection kit (Promega, 
167 Madison, WI). Each reaction consisted of 2.5 µL of RNA extract, 5 µL of 2x Go Taq Wastewater 
168 Master Mix, 0.5 µL of 20X Prime/Probe/Internal Amplification Control Mix, 0.2 µL, GoScript 
169 Reverse Transcriptase (50X), and 1.8 µL of nuclease free water, for a total final reaction volume 
170 of 10 µL. Each RT-qPCR reaction is designed to be a triplex assay targeting either the N1 or N2 
171 gene (Hex), Pepper Mild Mottle Virus (reverse transcription inhibition control, FAM), and an 
172 internal DNA template (qPCR inhibition control, Cy5). All RT-qPCR reactions were done in 
173 triplicates and carried out using the LightCycler 96 instrument (Roche). All RT-qPCR runs 
174 included a a no template control, where 3 µL nuclease free water were used in place of the RNA 
175 extract and an RNA positive control containing the N and E genes (Promega, Madison WI). Only 
176 RT-qPCR runs with non-detects in the no template control were used for downstream analysis. 
177 Standard curves were generated by analyzing five ten-fold serial dilutions of the manufacturer 
178 provided linear dsDNA template (1x105–1x101 gene copies/reaction), which contains partial 
179 fragments of the N1, N2, and E gene. Please refer to SI Table 2 for a complete list of names 
180 and concentrations of the primes and probes used for the RT-qPCR assay. The thermocycling 
181 condition for all RT-qPCR runs were 1 cycle at 42°C for 15 min and 95°C for 2 min, followed by 
182 40 cycles at 95 °C for 3 sec and 62°C for 30 seconds. Cq values above 40 were considered 
183 invalid and not used for downstream analysis. Only data within the acceptable Cq range for 
184 each inhibition control and a qPCR reaction efficiency value greater than or equal to 90% were 
185 used for downstream analysis. RT-qPCR reaction efficiencies were generated by the software 
186 provided with the LightCycler instrument (Roche)The SARS-CoV-2 copy number in gene copies 
187 per L for each wastewater sample was calculated using the RT-qPCR data for N1 and N2 
188 multiplied by the concentration factor used in this study. The concentration factor was 
189 determined based on equation 1. 
190

191
(𝑬𝒍𝒖𝒕𝒊𝒐𝒏 𝑽𝒐𝒍𝒖𝒎𝒆)

(𝑨𝒏𝒂𝒍𝒚𝒛𝒆𝒅 𝑽𝒐𝒍𝒖𝒎𝒆) ×
(𝟏,𝟎𝟎𝟎 𝒎𝑳)

(𝑺𝒂𝒎𝒑𝒍𝒆 𝑽𝒐𝒍𝒖𝒎𝒆) = 𝑪𝒐𝒏𝒄𝒆𝒏𝒕𝒓𝒂𝒕𝒊𝒐𝒏 𝑭𝒂𝒄𝒕𝒐𝒓  (𝟏)

192
193 Limit of detection for our RT-qPCR assay was assessed using the manufacturer provided RNA 
194 template, which encodes the N and E genes. A set of ten-fold serial dilutions were prepared 
195 from 1x105–1x100 gene copies/reaction and mixed with the reaction mix as previously 
196 described. The limit of detection was called when only 60% (3 out of 5) of the prepared 
197 concentration successfully amplified.   
198
199 Process flow and inhibition control assessment
200
201 Process flow and amplification control were simultaneously assessed along with each sample 
202 through a triplex assay design provided by the SARS-CoV-2 RT-qPCR detection kit (Promega, 
203 WI). Process flow control was assessed through targeting the PMMoV RNA using the Cy5 
204 channel of the RT-qPCR instrument. While some studies advocate using PMMoV as a 
205 normalizing gene, our study quantified PMMoV to establish a Cq value range to serve as a 
206 benchmark for subsequent reactions. Our preliminary assessment of PMMoV in our wastewater 
207 samples from each sampled WWTP established a baseline Cq range of 16-19. Cq shifts of 
208 more than 2 or negative PMMoV results signify signs of potential reverse transcription inhibition, 
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209 qPCR inhibition, or lab processing error according to the manufacturer’s instructions. 
210 Amplification control was assessed through the HEX channel by quantifying a 435bp linear DNA 
211 template that is pre-mixed in the 20X Primer/Probe/Internal Amplification Control tube. 
212 Amplification inhibition is defined by a Cq shift of greater than 3 compared to the no template 
213 control according to the manufacturer’s instructions. Sample dates flagged for potential 
214 inhibition were processed a second time using the replicate samples stored in the -80°C. 
215 Replicate RNA extracts were prepared in three concentrations, undiluted, diluted 1:2, and 
216 diluted 1:5 before performing the RT-qPCR assay as previously described. Dilutions were 
217 carried out using nuclease free water.
218
219 Variant Analysis with RT-ddPCR
220
221 SARS-CoV-2 variant analysis was carried out on a QX200 AutoDG Droplet Digital PCR 
222 (ddPCR) instrument (Bio-Rad, CA). Primers and probes used to detect and discriminate SARS-
223 CoV-2 Alpha variant from the parental Wuhan strain were obtained from the GT dPCRTM 
224 Mutation Detection Assays, Validated Kit (GT Molecular, CO). Positive controls for Alpha and 
225 Wuhan strains were provided by GT dPCRTM Mutation Detection Assays, Validated kit. Design 
226 specifics for the primer and probes from the GT dPCRTM Mutation Detection Assays, Validated 
227 Kits are not available and therefore not included in this study. Reaction mixtures consisted of 5 
228 uL RNA extract, 5.5 uL of 2x Super Mix, 1 uL of GT-Primer-Probe Solution 4-Plex, 2.2 uL 
229 Reverse Transcriptase, 1.1 uL of DTT, and 7.2 uL of nuclease free water, in a final volume of 22 
230 µL. Each sample was analyzed in duplicates. Non template controls were included in each RT-
231 ddPCR run, where nuclease free water was used in place of the RNA extract. Thermocylcing 
232 conditions for all RT-ddPCR reactions were 1 cycle at 50°C for 60, 95°C for 10 min, followed by 
233 45 cycles at 94°C for 30 sec and 60°C for 60 seconds, then 1 cycle at 98°C for 10 min, and 4°C 
234 for 30 min. RT-ddPCR results were analyzed using QuantaSoft Analysis Pro software v.1.0 
235 (Bio-Rad, CA).
236
237 Contributing Cases by Sewershed

238 GIS shapefiles of the WWTP sewersheds were obtained from the Los Angeles County 
239 Sanitation District (LACSD) and Los Angeles Sanitation and Environment (LASAN). The GIS 
240 shapefiles were overlaid onto the shapefile for Countywide Statistical Areas (CSAs), acquired 
241 from the Los Angeles County GIS Hub. Using QGIS, the distribution of these CSAs within their 
242 corresponding WWTP sewershed was determined. Using this distribution, the proportion of a 
243 CSA lying within a given WWTP sewershed was used as a proxy for the portion of cases that 
244 CSA contributed to the viral loading of the WWTP. Using data made available by the Los 
245 Angeles County Department of Public Health, the new cases per day per CSA were distributed 
246 to each of the five WWTPs sampled. New cases per day represents the number of positive tests 
247 for the samples collected on each specific date. Only cases within these five sewersheds were 
248 counted.

249 System-Specific Factor Analysis
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250 Influent wastewater quality was obtained from LACSD and Hyperion Water Reclamation Plant. 
251 Sampled WWTPs were ranked in respect to each SSF between 1-5, where 1 = highest value 
252 and 5 = lowest value. The SSF assessed in this study were total suspended solids (TSS), 
253 biochemical oxygen demand5 (BOD5), population serviced, influent flow rate, new cases, and 
254 new cases per influent flow rate for the duration of the study. Our set of SSFs were chosen 
255 based on the completeness of their dataset and availability across all sampled WWTPs. 
256 Spearman ranked correlation was used to assess the relationship between each SSF-ranked 
257 list to a separate ranked list in decreasing Pearson coefficient strength between wastewater 
258 SARS-CoV-2 levels and sewershed specific clinical data.

259 Monte Carlo Simulation
260
261 The number of SARS-CoV-2 infected individuals was estimated via Monte Carlo simulations 
262 using Oracle Crystal Ball (Version Number 11.1.2.4.850, Redwood City CA). The equation used 
263 for our model is presented below(9,21):
264
265 NIF = Rq*Q/(F*Rf*P)
266
267 NIF = Estimated number of infected people, Rq = Viral load in wastewater (virus copies/L), Q = 
268 Wastewater flow rate (L/day), Rf = Viral load in stool (virus copies/g stool), F = Daily production 
269 of stool per capita (g stool/capita-day), and P = % of SARS-CoV-2 infected individual who shed 
270 the virus in their stool. While previous studies suggest wastewater SARS-CoV-2 RNA follows a 
271 first order decay rate in the sewer lines, a variable parameter for SARS-CoV-2 RNA loss was 
272 not included in the model due to the limited number of studies on the decay constant for the 
273 sampled sewersheds. Further, the rate loss parameter of wastewater SARS-CoV-2 is further 
274 confounded by the report of relatively high wastewater SARS-CoV-2 RNA signal persistence in 
275 untreated wastewater(13). In one study, wastewater SARS-CoV-2 RNA signal achieved a 
276 persistence of T90 = 3.3 to 33 days in untreated wastewater, depending on the wastewater 
277 SARS-CoV-2 concentration(13), where T90 is the time it takes to lose 90% of the maximum 
278 signal. Our omission of the parameter for viral RNA loss simplifies real world conditions and 
279 shifts our estimation toward the conversative side. Our estimation can be refined as more 
280 representative data emerges.
281
282 Data for the 24-hour averaged wastewater flow rate (Q) was provided to us by LACSD and the 
283 Hyperion Water Reclamation Plant. Stool viral load (Rf) (virus copies/g) had a log-normal 
284 distribution with a mean of 7.18 and standard deviation of 0.67 in log10(22). Daily stool 
285 production per capita (F) (g/capita-day) had a log-normal distribution with a mean of 149 and 
286 standard deviation of 95 according to reports for high income earning countries(23). The 
287 percentage of SARS-CoV-2 infected individuals who shed the virus in their stool (P) was 
288 simulated as a uniform distribution from 0.29 to 0.55(24–26). Estimates for each sample point 
289 are based on 50,000 simulations. 
290
291 The median value was used to represent each estimate due to the right skewed probability 
292 distribution of the two input variables, Rf and F. The median value is more robust toward 
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293 extreme values drawn from the input variables compared to the mean value. Further, the 95% 
294 confidence interval (CI) for our estimates were determined through bootstrapping the model 
295 using the parameter of 200 experiments and 1,000 simulations each.  
296
297 Results and Discussion
298
299 SARS-CoV-2 Detected in sampled WWTPs 
300
301 A total of 250 composite influent samples were collected during the period of this study (Table 
302 1). Overall, samples from San Jose Creek Water Reclamation Plant (SJ), Hyperion Water 
303 Reclamation Plant (HYP), Joint Water Pollution Control Plant (JW), Whittier Narrows Water 
304 Reclamation Plant (WN), and Long Beach Water Reclamation Plant (LB) contained a positivity 
305 rate of over 80% for SARS-CoV-2 (202 positive detections/250 samples). As most of the non-
306 detects occurred during the early stage of the pandemic, non-detects were simply omitted from 
307 downstream analysis to prevent the possibility of overcorrection. Samples from WN and LB 
308 contained more frequent non-detects for SARS-CoV-2 in the early phase of the study compared 
309 to the remaining WWTPs. A potential explanation for our observation could be smaller WWTPs 
310 require a greater degree of SARS-CoV-2 penetrance within their serviced population for the 
311 excreted viral load to rise above the limit of detection of our RT-qPCR assay (1,200 copies/L). In 
312 agreement, samples from SJ, HYP, and JW consistently contained higher levels of SARS-CoV-
313 2 than WN and LB due to the larger population serviced by the former three WWTPs. 
314 Consistent with previous reports, Pearson correlation analysis of the quantified N1 and N2 
315 genes within each WWTP was strongly correlated to each other r = 0.90-0.99, p < 0.05(27) (SI 
316 Figure 1).
317
318 Wastewater SARS-CoV-2 levels show strong sensitivity and correlation to reported new 
319 cases of Covid-19 in Los Angeles County
320
321 Wastewater SARS-CoV-2 levels (virus copies/L) for Los Angeles County were obtained by 
322 using the mean value from all sampled WWTPs for each date. In addition, all datasets were 
323 smoothed using a non-parametric regression to reduce background noise. Smoothing was done 
324 in XLSTAT (Addinsoft) using the built-in Brown’s linear exponential smoothing function, with 500 
325 iterations and self-optimized alpha value. Since measurable wastewater SARS-CoV-2 levels are 
326 known to vary due to several external factors such as variable viral load, wastewater flows, 
327 wastewater quality, collection protocol, and lab processing method, statistical smoothing was 
328 used to denoise the imperfect and variable datasets and highlight general patterns. Smoothing 
329 of the datasets improved the correlation coefficient between wastewater SARS-CoV-2 levels 
330 and new cases from rraw=0.87 N1 and 0.88 N2, p << 0.01 to rsmooth =0.94 N1 and 0.94 N2, p << 
331 0.01. Consistent with previous studies, our measured wastewater SARS-CoV-2 levels reflect 
332 reported new cases of Covid-19 to its corresponding regions(8,28). The two major surges of 
333 new Covid-19 cases in Los Angeles County at the beginning of June and November 2020 
334 coincide with elevated levels of wastewater SARS-CoV-2 during the same period (Figure 2). 
335 Interestingly, during both summer (June 2020) and winter (November 2020) Covid-19 
336 outbreaks, wastewater SARS-CoV-2 levels showed high sensitivity toward the accumulation 

Page 9 of 22 Environmental Science: Water Research & Technology



337 and decline of reported average daily new cases. From June 2nd to July 28th, 2020, wastewater 
338 SARS-CoV-2 levels increased by roughly 64,000 virus copies/L (530%) from a corresponding 
339 increase of 1,722 average daily new cases (120%). Similarly, from November 3rd to January 18, 
340 2021, wastewater SARS-CoV-2 levels increased by more than 2 million virus copies/L 
341 (>1,500%) from an increase of 9,943 averaged daily new cases (500%). As the infection rate fell 
342 following the summer peak, July 28th to August 11th, 2020, wastewater SARS-CoV-2 levels 
343 decreased by 210,000 virus copies/L (54.6%) and then 85,000 virus copies/L (48.7%) in the first 
344 and second week, respectively, which correspond to a decline in the average daily new cases 
345 by 434 (13.8%) and then 363 average daily new cases (13.3%) over the same period. The 
346 steep increase in wastewater SARS-CoV-2 levels in response to rising daily new cases is likely 
347 due to the fecal SARS-CoV-2 pattern, where fecal viral titers peak in the first 1-2 weeks after the 
348 onset of symptoms followed by a steady decline in the following weeks(29). Therefore, 
349 wastewater SARS-CoV-2 levels are sensitive to rising and falling community infections rates, 
350 which makes WBE suitable for community-level surveillance. 
351
352 Interestingly, a recent WBE study in Southern California overlapped with our sampling period by 
353 approximately 30 weeks and allows a unique opportunity to compare WBE data from two 
354 independent labs sampling from the same WWTPs (JW and SJ)(28). Despite significantly 
355 different sample processing methods between the two labs (direct extraction, Qiamp Viral RNA 
356 kit, and recovery adjusted data versus HA filtration, Maxwell 16 LEV simply RNA blood 
357 purification kit, and unadjusted data), reported wastewater SARS-CoV-2 levels from both labs 
358 captured the summer and winter surge of Covid-19 cases in Los Angeles County. Moreover, the 
359 overall similar wastewater SARS-CoV-2 trend in both studies suggest temporal measured 
360 wastewater SARS-CoV-2 data can be presented in its unadjusted form if proper process and 
361 inhibition controls are done. 
362
363 Wastewater SARS-CoV-2 levels strongly correlates to the average new cases by 
364 contributing sewershed
365
366 Data from the Covid-19 Dashboard for Los Angeles County was separated by CSA to obtain a 
367 representative dataset for the sewershed corresponding to each sampled WWTP. Again, all 
368 datasets were smoothed using a non-parametric regression analysis to reduce background 
369 noise. Pearson correlation analysis for both raw and smoothed datasets were strongly 
370 correlated to the averaged new cases of each respective sewershed. In every case, smoothing 
371 increased the correlation coefficient (Pearson rraw = 0.45-0.85, p << 0.01 and Pearson rsmooth = 
372 0.76-0.95, p <<0.01, Figure 2). Interestingly, the average daily new cases across all sampled 
373 sewersheds rose and fell around similar dates during the summer and winter peaks. The near-
374 synchronous wave of averaged daily new cases in the sampled communities could likely be 
375 explained by the highly infectious nature of SARS-CoV-2(30), the extensive traveling between 
376 neighboring communities within Los Angeles County, and large centralized WWTPs that service 
377 multiple zip codes. While previous WBE studies conducted in areas with smaller decentralized 
378 WWTPs could provide greater geographic resolution due to their smaller sewershed size, here 
379 we demonstrate large centralized WWTPs can provide insights for communal SARS-CoV-2 load 
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380 in sewersheds serving up to 4 million people without compromising the sensitivity to reflect 
381 corresponding clinical case counts.  
382
383 We acknowledge a level of uncertainty in splitting LA County Covid-19 Dashboard data by CSA 
384 for comparison between sewershed-specific case counts and its respective wastewater SARS-
385 CoV-2 level. Our approximation of the sewershed boundaries is confounded by the 
386 interconnected sewer lines and broadly defined sewershed borders within LACSD. For instance, 
387 LACSD WWTPs that are upstream of JW (Whittier Narrows, San Jose Creek, and Long Beach 
388 Water Reclamation Plant) are designed to divert excess wastewater to JW as part of their 
389 overflow management practice and could dilute or enrich the wastewater SARS-CoV-2 level in 
390 JW. However, from a size perspective, JW treats an averaged influent flow rate of 305 MLD, 
391 which is one or two orders of magnitude greater than the average influent flow rate of SJ (36.8 
392 MLD), LB (16.5 MLD), and WN (9.87 MLD), which could make measured wastewater SARS-
393 CoV-2 levels in JW robust toward dilution or enrichment effects from upstream LACSD WWTPs, 
394 under non-extreme conditions. Further, wastewater in LACSD is designed to flow southwest 
395 which adds confidence that wastewater SARS-CoV-2 levels for WN, SJ, and LB, which are 
396 upstream of JW, should be largely unaffected by non-regional wastewater. 
397

398
399 Figure 2A-F: 2A) Time series analysis of the averaged viral copies/L for all sampled WWTPs and averaged new cases rate for 
400 Los Angeles County over the duration of this study. 2B-F) Time series analysis of SARS-CoV-2 viral copies/L for each sampled 
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401 WWTP and the averaged new positive tests for the respective sewershed. Dark red line represents quantified N1 data, pink line 
402 represents quantified N2 data and blue bar chart represents the moving seven-day average of daily new cases A= Total, B=HYP, 
403 C=JW, D=SJ, E=LB, and F= WN. Error bars represent the standard deviation of the measured N1 or N2 value. Pearson coefficient r 
404 represents the correlation between the N1 or N2 gene copies/L and regional clinical data.

405
406 Comparison of daily viral load to 20-day case count could help identify under testing 
407 communities 
408
409 We compared the daily viral load to a moving 20-day case count in each sewershed to assess 
410 the variability between measured wastewater SARS-CoV-2 levels and clinical data over the 
411 course of this study. Our motivation for this comparison stems from the length of our WBE work, 
412 which allowed us to compare the relationship between our WBE data to different stages of the 
413 pandemic as public perception and participation toward in-person testing evolved over the 
414 course of this 44-week study. Compared to WBE, in-person testing is likely more susceptible to 
415 public perception and preparedness such as education, testing availability, and fatigue.  
416 Although the reported SARS-CoV-2 shedding period in stool ranges from 1-47 days, the general 
417 consensus places the mean shedding period to be around 12-20 days(31,32). Therefore, we 
418 used the number of reported cases within a 20-day window to represent the viral shedding 
419 population. Viral load for each WWTP was calculated by multiplying measured virus copies/L by 
420 averaged influent flowrate (MLD) on each date. In general, larger sewersheds (HYP, JW, and 
421 SJ) exhibited a lower ratio and variability compared to smaller sewersheds (LB and WN, Figure 
422 3A). The observed pattern could be the result of large sewersheds having a higher testing 
423 capacity and participation than smaller sewersheds. Limited testing capacity or participation 
424 poses a risk of under reporting or overlooking disease outbreaks.
425
426 For greater temporal resolution, we divided our analysis into three segments, June-August 
427 2020, September-October 2020, and November 2020-March 2021 (Figure 3B-D). Segments 
428 were divided based on timeframes that allow comparisons of individual outbreaks. During June-
429 August 2020, the ratio and variability of viral load to the moving 20-day case count for each 
430 sampled sewershed was inversely related to the size of the serviced population (Figure 3B), 
431 which is consistent with our previous explanation. For HYP, JW, SJ, LB, and WN, the median 
432 ratios were 0.8, 8.3, 9.3, 10.3 and 21.8, respectively. During September-October, the median 
433 ratio of daily viral load to the moving 20-day case count increased by 80-320% for HYP, JW, SJ, 
434 and WN and 2,700% for LB compared to the ratios during June-August 2020. While the 
435 increased ratios for HYP, JW, SJ, and WN during September-October is likely attributed to the 
436 decline in administered Covid-19 tests in September compared to August (SI Figure 2), the 
437 stark increase of 2,700% in LB suggests potential under reporting of a resurgence in LB 
438 following the summer peak. On closer examination, the moving 20-day case count in LB steadily 
439 declined in the first half of September and reached a low of 141 cases on September 17th. 
440 Afterwards, the moving 20-day case count reached a peak of 156 cases on October 1st, which 
441 represents an increase of 15 new cases from September 17th and could likely be considered 
442 insignificant. However, over a similar period the viral load for LB increased from < 9,000 virus 
443 copies/day to 1.2 million virus copies/day (September 15th-October 6th, 2020). Based on the 
444 discrepancy between the 20-day case count and the daily viral load seen in LB, future WBE 
445 implementations could be used to validate clinical data for sewersheds where testing capacity 
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446 and participation are likely strained. From November-March 2021, the median ratio of daily viral 
447 load to the 20-day case count decreased by 83.3%, 81.2% and 37.4% for JW, LB, and WN, 
448 respectively, compared to ratios from September-October. The decreased median ratios for JW, 
449 LB, and WN is likely due to the record number of Covid-19 tests administered during November-
450 March 2021.  Surprisingly, the median ratio of daily viral load to the moving 20-day case count 
451 increased by 39.3% and 18.2% for SJ and HYP, respectively, which could be due to the rate of 
452 new infections exceeding the increased Covid-19 tests performed in SJ and HYP. While the 
453 relationship between viral load and infected individuals is highly variable, monitoring the daily 
454 viral load to the moving 20-day case count in each sewershed over time could help identify 
455 under testing communities. We acknowledge that our analysis would require additional studies 
456 for validation. For instance, sudden shifts to high fecal-viral load SARS-CoV-2 variants in the 
457 infected population my cause an inflation to the ratio of wastewater SARS-CoV-2 to 20-day case 
458 count. Ongoing data for community-specific SARS-CoV-2 variant profile would help refine our 
459 analytical approach. Further, our assumption for a fixed 20-day period to estimate the number of 
460 active cases is subject to change as additional high-quality data for the recovery window 
461 recovery continues to surface.

462
463 Figure 3A-D: Box plot analysis of daily viral load to the moving 20-day case count for each sampled sewershed. 3A) 
464 The duration of the study May 2020-March 2021 3B) May- August 2020 3C) September-October 2020 3D) 
465 November-March 2021. Box represents the median, 25th, and 75th percentile. The whiskers represent the largest and 
466 smallest values and outliers are shown as circles. Error bars represent standard deviation.
467
468 Clinical cases normalized by influent flow rate, TSS, and BOD5 are potential factors that 
469 may influence Wastewater SARS-CoV-2 Correlation to clinical data
470
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471 Interestingly, the Pearson correlation strengths between the wastewater SARS-CoV-2 level of 
472 each sampled WWTP and its respective regional new cases did not follow any obvious trend. 
473 While HYP and JW are the two largest WWTPs sampled (941 and 305 MLD, respectively), the 
474 corresponding Pearson coefficient (rsmooth = 0.90 N1 /0.87 N2 and 0.82 N1/ 0.80 N2, p << 0.01) 
475 ranks 2nd and 4th in our dataset. Whereas SJ being the third largest WWTP sampled (36.8 MLD) 
476 displayed the strongest Pearson coefficient (rsmooth= 0.94 N1/ 0.91 N2, p << 0.01). Further, WN 
477 (9.83 MLD) treats significantly less wastewater than HYP and JW, but its Pearson coefficient 
478 (rsmooth= 0.85 N1/ 0.88 N2 p << 0.01) is comparable to HYP and stronger than JW. To assess 
479 SSFs that may influence the correlative strength of wastewater SARS-CoV-2 levels to clinical 
480 data, we ranked our sampled WWTPs, in decreasing Pearson coefficient, and compared it to 
481 individual lists of sampled WWTPs, each ranked in respect to one SSF. The SSF examined in 
482 this study were TSS, BOD5, serviced population size, averaged influent flowrate, new cases, 
483 and new cases per averaged influent flowrate. In total, seven ranked lists were created, one list 
484 ranked by decreasing Pearson coefficient and six lists each ranked by one SSF in decreasing 
485 value. Spearman ranked correlations were used to assess the relationship between the Pearson 
486 coefficient ranked list to the SSF ranked lists. Based on our assessment, new cases normalized 
487 by average influent flow rate showed a very strong relationship to the Pearson coefficient 
488 ranking between wastewater SARS-CoV-2 levels and regional new cases (r = 0.9 and p < 0.05, 
489 Table 2B).  While TSS and BOD5 showed strong relationship (r = 0.06, p > 0.05, Table 2B) to 
490 the Pearson coefficient ranking between wastewater SARS-CoV-2 levels and regional new 
491 cases, our dataset of fived sampled WWTPs did not reach statistical significance of p-value < 
492 0.05. However, given previous reports of higher wastewater SARS-CoV-2 detection in biosolids 
493 compared to primary influent(33) and a positive association of coronavirus survival rate with 
494 biosolids and organic matter concentrations(34), we encourage future studies to conduct a 
495 similar analysis with a greater number of WWTPs. Overall, correlative strength between 
496 wastewater SARS-CoV-2 and clinical data is most strongly influenced by the ratio of new cases 
497 per averaged influent flowrate, whereas TSS and BOD5 levels showed potential strong 
498 relationship. While we acknowledge that the p values for the TSS and BOD5 analysis presented 
499 here are greater than the commonly accepted p = 0.05, we believe increasing levels of TSS and 
500 BOD5 would facilitate the adsorption of wastewater SARS-CoV-2 to particulates. An increased 
501 fraction of adsorbed SARS-CoV-2 could increase the measurable wastewater SARS-CoV-2 
502 fraction and improve the correlative strength between wastewater SARS-CoV-2 levels to 
503 regional new cases. Further, concentrating solids in primary influent may be a viable alternative 
504 for WWTPs that serve areas with a low number of Covid-19 cases or a low ratio of Covid-19 
505 cases per averaged influent flow rate.
506
507 Table 2A-B: 2A) Summary table representing the ranking of the Pearson Correlation coefficient of all sampled 
508 WWTPs to regional clinical cases. 1 = highest Spearman correlation coefficient and 5 = lowest Spearman correlation 
509 coefficient 2B) Summary table of the Spearman rank correlation coefficient of each SSF to the Pearson Correlation 
510 ranking of each sampled WWTPs. 
511

Utility
Clinical and 

Wastewater Correlation 
Ranking

Correlation of SSF to 
Clinical and Wastewater 

Correlation Ranking
New Cases/MLD

A B
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SJ 1 r = 0.9, p < 0.05

JW 2
BOD5

r = 0.6, p > 0.05

WN 3
TSS

r = 0.6, p > 0.05

HYP 4
New Cases

r = 0.3, p > 0.05
Population

r = 0.1, p > 0.05LB 5
Average MLD

r = 0.1, p > 0.05
512
513
514
515 Daily Wastewater sample could lead clinical data by up to five days
516
517 Although previous studies report wastewater and primary sludge SARS-CoV-2 levels lead 
518 clinical and hospitalization cases by 0-6 day(27,35), our dataset showed no significant signs of 
519 lead time when offsetting measured wastewater SARS-CoV-2 levels to the daily new cases for 
520 JW. The initial assessment was done using the wastewater SARS-CoV-2 data for JW for each 
521 month and by complete dataset. We hypothesized that the short 0-2 day lead time in 
522 wastewater SARS-CoV-2 may have been lost when sampling once or twice a week. To examine 
523 the potential lead time of wastewater SARS-CoV-2 to reported daily cases, we collected daily 
524 composite influent samples from JW from August 16th, 2020 to August 22nd, 2020 and compared 
525 our results to the daily new COVID-19 cases corresponding to the JW sewershed. The 
526 comparison was done by aligning measured SARS-CoV-2 levels to the reported daily new 
527 cases on the same day of sample collection or by offsetting the two datasets from 1-5 days. 
528 Pearson correlation analysis of daily wastewater SARS-CoV-2 levels to same day daily new 
529 cases showed a correlation coefficient of rsmooth=0.81 N1/0.69 N2, p < 0.05 N1 and p > 0.05 N2. 
530 However, offsetting the reported daily new cases by 5 days improved the correlation coefficient 
531 to rsmooth = 0.96 N1/0.96 N2, p < 0.005 (Figure 4A and 4B). Interestingly, offsetting the reported 
532 daily new cases by 2 days also improved the correlation coefficient to rsmooth = 0.91 N1/ 0.92 N2, 
533 p < 0.05, whereas offsetting the reported daily new cases by 1, 2, and 3 days showed 
534 decreased or mixed improvement to the correlation coefficient (rsmooth = 0.78 N1/ 0.77 N2 p < 
535 0.05, rsmooth = 0.78 N1/ 0.82 N2 p < 0.05, rsmooth = 0.72 N1/ 0.71 N2 p > 0.05, respectively. In 
536 agreement with our hypothesis, future WBE implementation using daily sampling could offer 
537 improved sensitivity in detecting early rises in community infections compared to weekly 
538 samples. While the increased correlation coefficient through temporal offsetting the daily 
539 reported new cases by 2 and 5 days highlights the susceptibility of our comparison to spurious 
540 correlations, future studies can limit this shortcoming by increasing the number of samples 
541 collected over a greater number of WTTPs. 
542

Page 15 of 22 Environmental Science: Water Research & Technology



543
544 Figure 4A-B: Comparison of daily wastewater SARS-CoV-2 virus copies/L (N1=red and N2= grey) from JW to its 
545 respective daily new cases (blue). 4A) Represents same day comparison. 4B) Represents measured SARS-CoV-2 
546 virus copies/L compared to the daily new cases five days later. Error bars represent standard deviation.
547
548
549 Variant Analysis
550
551 At the time of our study, reports of SARS-CoV-2 variants began to emerge around the United 
552 States(36). Specifically, the novel B.1.1.7 variant or UK variant was reported to be more 
553 infectious than the original Wuhan strain(36–38). The highly infectious nature of the UK variant 
554 caused some experts to estimate its dominant circulation in the United States by March 
555 2020(36). To showcase the utility of WBE to assess communal variant composition, select 
556 replicate extracts from HYP and JW were analyzed for the UK variant by quantifying the 
557 presence of the point mutation 501Y and del 69-70(37). Each sample was benchmarked to the 
558 presence of the Wuhan strain by measuring the targets N501 and HV69-70. Variant analysis 
559 was performed using reverse transcription droplet digital PCR (RT-ddPCR) due to its reported 
560 lower limit of detection than RT-qPCR. Despite reports of increasing prevalence of the UK 
561 variant in sequenced clinical samples in the United States (https://www.gisaid.org/hcov19-
562 variants/), we did not detect the UK variant in any of our samples. Although we did not detect 
563 the UK variant in our select samples, we cannot conclude the absence of any UK variant 
564 infections in Los Angeles County during the time of our study. While the relative abundance of 
565 the UK variant among sequenced SARS-CoV-2 strains reached a high of 14% around March 1, 
566 2021, the averaged new cases of Covid-19 in Los Angeles County on March 1, 2020 fell to 
567 1.16E+03 cases, which marks a 90% reduction from its all-time high. The viral load from the UK 
568 infections within the declining case count in March 2021 were likely further diluted in communal 
569 waste streams to below the limit of detection of our RT-ddPCR assay (10 copies/reaction). 
570 Quantified Wuhan variant concentrations were comparable to our qPCR results (data not 
571 shown), which suggests both RT-qPCR and RT-ddPCR are suitable assays to measure 
572 wastewater SARS-CoV-2. For future studies, we recommend metagenomic sequencing of 
573 wastewater samples as a preliminary step to assess all possible variant strains and their relative 
574 abundance to better customize the selection of variant targets for each geographical region.
575
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576 Estimated Infected Population from Monte Carlo Simulations Exceed the Reported 
577 Clinical Cases by more than 200 Percent
578
579 Monte Carlo simulations were used to estimate the median number of infected individuals (NIF) 
580 for Los Angeles County and for the sewershed of each sampled WWTP. A total of 50,000 
581 simulations were performed for each data point. Here we report a summary of the median NIF 
582 obtained from the simulations. Summary results from the simulation are presented in Table 3. 
583 Full results from the simulation can be found in SI Table 2. We used a conservative 20-day 
584 window to estimate the cumulative NIF for Los Angeles County. Our simulation estimates the 
585 peak NIF for Los Angeles County to be 1.25 million (95% CI: 4.91E+05 - 3.55E+06), which 
586 occurred on January 19th, 2021 (Table 3). In contrast, the cumulative reported case count for 
587 the 20-days leading up to January 19th was 2.08E+05 people, which falls short of the simulated 
588 NIF by a factor of 6. As expected, the simulated NIF are well above the reported case counts 
589 and demonstrates the potential utility of WBE to consistently sample a far greater population 
590 than in-person testing.
591
592 Our estimate raises the prevalence of Covid-19 from 14.5% to 34.2% for Los Angeles County.
593 Using a 20-day window, we estimate the cumulative NIF in Los Angeles County to be around 
594 3.42 million people (95% CI: 7.91E+05 - 9.12E+06) from the period between May 2020 to March 
595 2021. Our estimate exceeds the 1.45 million reported cases over the same duration by more 
596 than a factor of 2. While we acknowledge there are multiple uncertainties in our prediction, we 
597 believe our estimate to be on the conservative side due to the inevitable viral loss through the 
598 sewer networks and sample processing that were not factored into the simulation. For instance, 
599 the HA filtration method used to concentrate wastewater samples in this study has a reported 
600 extraction efficiency between 27.3-60.5% ± 22.2%(18,19). Adjusting our estimate by a fixed 
601 extraction efficiency of 60.5% would increase the cumulative NIF estimate to 5.7 million people. 
602 However, since we did not track extraction efficiency during this study our estimate remains 
603 3.42 million people (95% CI: 7.91E+05 - 9.12E+06). Interestingly, our Covid-19 prevalence 
604 estimate of 34.2% closely resembles the 37.5% prevalence estimate reported by Los Angeles 
605 Health Services and the 30-50% prevalence estimate by previous reports(39,40). 
606
607
608 Table 3: Summary values of the peak median NIF, 95% CI, and peak date from the Monte Carlo simulations using 
609 50,000 simulations per datapoint.
610

Sewershed Peak Median NIF 95% Confidence Interval Peak Date
SJ 5.17E+04 (1.89E+04 -1.41E+05) December 22nd, 2020

HYP 1.17E+06 (4.33E+05 - 3.23E+06 January 19th, 2021
JW 9.04 E+04 (3.54E+04 - 2.39E+05) December 22nd, 2020
LB 8.45E+03 (3.20E+03 - 2.46E+04) January 5th, 2021
WN 1.43E+03 (5.27E+02 - 3.69E+03) December_29th, 2020

Aggregate 1.25E+06 (4.91E+05 - 3.55E+06) January 19th, 2021
611
612
613

Page 17 of 22 Environmental Science: Water Research & Technology



614 Using the same 20-day window, we estimate the total number of infected individuals for SJ, 
615 HYP, JW, LB, and WN to be 1.21E+04, 4.4E+05, 1.53E+04, 5.94E+03, and 3.57E+03 per 
616 100,000 people, respectively. Based on our simulation, the highest NIF per 100,000 people 
617 occurred in the catchment area belonging to HYP, followed by JW, SJ, LB, and WN (Figure 5). 
618 In contrast to our simulation, the reported public health data (separated by sewershed) ranked 
619 SJ to have the highest rate of infection, followed by HYP, WN, JW, and LB. We believe the 
620 disagreement in our simulated ranking versus the public health data stems from the uncertainty 
621 surrounding the true infected population. If the true infected population lies closer to 1.45 million 
622 people or 14.4% of the population in Los Angeles County, then the adjusted case rate should 
623 have hot spots and follow the public health data. However, if the true infected population is far 
624 more prevalent and closer to 3.42–5.7 million people or 34.2- 57% of the population in Los 
625 Angeles County, then the infections are likely less concentrated in one community and the 
626 adjusted rate would likely mirror the ranking for serviced population size.

627
628
629 Figure 5: Comparison of the reported adjusted cases per 100,000 people (light blue) vs. simulated NIF per 100,000 
630 people (dark blue). Error bars represent the 95% CI. 
631
632 We acknowledge that the model used for our estimate requires further calibration and should 
633 not be taken as an absolute calculation for the infected population. Further, variations in lab 
634 processes, sample handling experience, and SARS-CoV-2 variant profile could significantly 
635 alter the input parameters and the estimated output. However, despite the uncertainties listed, 
636 we believe Monte Carlo simulations using measured wastewater SARS-CoV-2 can be beneficial 
637 to the improvement of future models as more specific and representative data emerges. Monte 
638 Carlo simulations can be another option in the suite WBE tools that can be used to complement 
639 clinical data.
640
641 Conclusion
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642
643 In this comprehensive study, we demonstrate the utility of WBE for SARS-CoV-2 using various 
644 approaches ranging from RT-qPCR to statistical estimation. We first quantified wastewater 
645 SARS-CoV-2 levels in Los Angeles County and showcased the effectiveness of WBE to track 
646 regional SARS-CoV-2 load for communities ranging from 150,000 to 4,000,000 people. While 
647 measured wastewater SARS-CoV-2 concentrations varied from sample-to-sample, smoothing 
648 the dataset was effective in denoising background variability to reveal the general trend of 
649 wastewater SARS-CoV-2 levels over time. Further, wastewater SARS-CoV-2 trends measured 
650 from daily samples may lead reported daily new cases by 2 or 5 days. SSF such as dilution 
651 factors should be considered for future WBE implementation as the ratio of new cases to 
652 averaged influent flowrate is a better indicator of correlation strength than serviced population 
653 size, averaged influent flowrate, TSS, and BOD5. Measured wastewater SARS-CoV-2 data were 
654 used to estimate the median NIF via Monte Carlo simulations. Our simulation estimates the 
655 largest active infection population peaked on January 19th, 2021 with 1.25 million NIF (95% CI: 
656 4.91E+05 - 3.55E+06) and a total of 3.42 million NIF (95% CI: 7.91E+05 - 9.12E+06) between 
657 the period of May 2020-March 2021 (34.2% of Los Angeles County’s population). In comparison 
658 to the reported case count, our simulated infected population exceeds the reported number of 
659 cases by almost 2 million people. 
660
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