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the viral load decay of SARS-CoV-2 RNA in different raw
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SARS-CoV-2 in environmental water. / SARS-CoV-2 en agua ambiental.

RESUMEN

SARS-CoV-2 esta presente en fluidos corporales de individuos con infecciones
sintomaticas y asintomaticas, estos fluidos se depositan frecuentemente en aguas residuales,
por lo tanto, la vigilancia del RNA de SARS-CoV-2 presente en estas matrices acuaticas es una
herramienta prometedora como una sefial de alerta temprana para detectar futuras pandemias.
En la actualidad se sabe que el material genético del virus puede sobrevivir por varios dias
en agua residual, sin embargo, se necesita generar mas informacion para entender mejor la
cinética de la carga viral en matrices acuaticas a través del tiempo. El objetivo de este trabajo
fue determinar la cinética de deteccion de RNA de SARS-CoV-2 a través del tiempo en diferentes
matrices acuaticas. Cada una de las matrices acuaticas (Marina, influente, efluente y potable) fue
inoculada y evaluada por 62 dias para determinar la cinética de decaimiento en la deteccion de
RNA viral por RT-PCR en tiempo real. EIl RNA de SARS-CoV-2 fue detectado durante la duracién
del experimento en todas las matrices. El agua de efluente, influente y marina dificultaron la
deteccion de SARS-CoV-2 conforme avanzaba el tiempo con una vida media de 15.24, 43.24,
y 32.38 dias y T90 de 50.63, 143.64 y 107.54 dias, respectivamente. Por otra parte, en el
agua potable, la deteccién fue constante a lo largo del experimento. Este estudio demuestra el
impacto de la matriz acuatica en la deteccién de la carga viral probablemente afectada por los
parametros fisicoquimicos, de igual forma, es interesante entender que el SARS-CoV-2 puede
detectarse por un largo periodo de tiempo en aguas recreativas y residuales, 1o que lo vuelve
una herramienta relevante para realizar epidemiologia basada en agua como un indicador de la
salud de la comunidad.

PALABRAS CLAVE:SARS-CoV-2, agua residual, carga viral, vigilancia genémica,
ambiente

Introduction

SARS-CoV-2 is a virus classified in the coronavirus subfamily, named based on its
characteristics and closely related to other viruses of clinical importance as SARS-CoV and MERS-
CoV (Li et al., 2020). The coronavirus is an enveloped single-stranded RNA virus with crown-like
spikes on its surface and a size ranging from 60 to 220 nm. SARS-CoV-2 was first detected in
Wuhan City, in the province of Hubei in China, and was rapidly reported across other countries
(WHO, 2020a), producing a clinical disease later known as Coronavirus disease 2019 (COVID-19)
(WHO, 2020b). A wide range of symptoms (pneumonia-like and Gl-like symptoms) and sequelae
threaten the lives of those infected (Grant et al., 2020). As of 2022, COVID-19 caused more than
6.9 million deaths worldwide, SARS-CoV-2, at the same time has infected approximately 768
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million people, and many more remain undetected due to the poorly tracing strategies, especially
in developing countries (WHO, 2022). By the beginning of 2021, the concern Delta (B.1.617.2)
variant represented a global threat by substituting the other variants in many world regions. On
November 26, 2021, the variant Omicron (B.1.1.529) was declared a variant of concern by the
World Health Organization due to the mutations in this variant which represent a more significant
risk of reinfection (WHO, 2021).

Under this scenario, many investigations focused on identifying markers for SARS-CoV-2
presence in environmental samples; SARS-CoV-2 on surfaces (Kumar et al., 2020; Pasquarella
et al., 2020; Razzini et al., 2020; Zhou et al., 2020), air samples (Chia et al., 2020; Lednicky et
al., 2020; Razzini et al., 2020), and water (Bivins et al., 2020; Haramoto et al., 2020), particularly
important on determining the population health. However, long-term studies on SARS-CoV-2 RNA
detection on different water matrices still need to be done. In this regard, Basavaraju et al. (2021)
suggest the epidemiological study of coronavirus in wastewater for two purposes: early detection
of outbreaks and estimating the number of people infected to help mitigate its impact on the
community. According to the previous, wastewater-based epidemiology (WBE) becomes a valuable
early warning tool to direct public health actions, where wastewater and other aquatic matrices are
useful for pathogen surveillance. The presence of SARS-CoV-2 in the urine and feces of infected
patients is confirmed by gPCR in several countries (Kim et al., 2020). However, detecting the viral
genome or fragments of genetic material in the fecal discharge does not necessarily guarantee the
presence of a live virus particle that can cause contagion. Further, viruses excreted through fecal
matter tend to remain aggregated in the water matrix due to the Brownian movement or nucleation
of aquatic particles (Mitic et al., 2021); because of the later SARS-CoV-2 is present in aquatic
matrices. This study aimed to assess the recuperation rate of SARS-CoV-2 RNA in different raw
aquatic matrices: wastewater (untreated and treated), seawater, and tap water, to determine the
decay rate of SARS-CoV-2 RNA under controlled conditions.

Material and methods
Water matrices

Four types of water were selected to test the RNA identification and quantification through
time on different water matrices: Seawater (M), two treatment plant waters: effluent (E) and influent
(), and tap water (T). The absence of SARS-CoV-2 in each water matrix before inoculation was
determined by RT-PCR in real time as described in this work.

Sampling sites

500 mL of each water matrix was sampled from the sources used in the experiment.
a) Seawater from Navolato, Sinaloa, México, “Nuevo Altata” 24°38'42”N 107°59'23"W; b) Tap
water from Campo El Diez Culiacan, Sinaloa, México 24°44'02”N 107°27'17"W; and c) Influent
and Effluent samples were taken from wastewater treatment plant, Culiacan, Sinaloa, México
24°42'31”N 107°25'00"W. In situ physicochemical parameters (pH, oxidation-reduction potential,
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total dissolved solids, dissolved oxygen, conductivity, resistivity, salinity, seawater sigma, turbidity,
and temperature) of each water type were measured with the multiparameter meter Hanna HI19829
(Hanna, USA), to determine the initial conditions for each water type (Table 1).

Microcosms configuration

35 mL of water was placed into 50 mL conic tubes, and an aliquot of 2 mL from the
confirmed RT-PCR positive sample was added for a final volume of 37 mL. The inoculated tube was
gently mixed and incubated at room temperature (24 °C) for 62 days. Mean initial concentrations
of SARS-CoV-2 RNA were determined with a standard curve using Quantitative Synthetic
SARS-CoV-2 RNA: ORF, E, N (ATCC) in serial dilutions 105, 104, 103, 102, 10" copies uL".

RNA extraction

RNA extraction for SARS-CoV-2 RNA detection in the different microcosms was performed
at different time intervals for 62 days; RNA was extracted by TACO™ Nucleic Acid Automatic
Extraction System (GeneReach, Taiwan), using aliquots of 200 uL from each microcosm.
The integrity of RNA after extraction was determined by agarose gel electrophoresis under
denaturing conditions (Supplemental Figure 1).

Detection of SARS-CoV-2 in water matrix

SARS-CoV-2 detection in water samples. The detection of SARS-CoV-2 was performed
by RT-PCR in real-time, and the reverse transcription of viral RNA and PCR was performed by
GoTaqg® 1-Step RT-gPCR using the detection 2019-nCov CDC EUA Kit (IDTechnologies, USA)
with the primers and probes as follows: 2019-nCoV_N1-F 5’-GAC CCC AAAATC AGC GAAAT-3,
2019-nCoV_N1-R 5°-TCT GGT TAC TGC CAG TTG AAT CTG-3’, 2019-nCoV_N1-P 5’-FAM-ACC
CCGCATTACGTTTGG TGGACC-BHQ1-3’,2019-nCoV_N2-F 5-TTACAAACATTG GCC GCA
AA-3’, 2019-nCoV_N2-R 5-GCG CGA CAT TCC GAA GAA-3’ and 2019-nCoV_N2-P 5-FAM-
ACAATT TGC CCC CAG CGC TTC AG-BHQ1-3’ to detect two regions of the nucleocapsid gen
of SARS-CoV-2. Samples were deemed positive when N1 and N2 amplicons were detected.
Thermocycle protocol was realized in a CFX 96 (Bio-Rad, USA) with a reaction mix as follows:
nuclease-free water (3.1 yL), Combined Primer/Probe Mix (1.5 yL), GoTaq Probe qPCR Master
Mix with dUTP (10 pL) and Go Script RT Mix for 1-Step RT-qPCR (0.4 pL).

For positive samples the N1 amplicon of N gen of SARS-CoV-2 was used to quantify
viral load in every microcosm following Liotti et al. (2021), using Quantitative Synthetic
SARS-CoV-2 RNA: ORF, E, N (ATCC) in serial dilutions 10°, 104, 103, 102, 10" copies uL', RNA
of each time (n = 3) was used for RT-qPCR (CFX 96, Bio-Rad). Values of the standard curve
were used to determine the number of copies on unknown samples. To calculate kinetic decay,
the following formula was used: Number of viral copies (copies/mL) = (1000/Ve) (Ev/Ea) where
Ve: sample volume for extraction; Ev: eluted sample from extraction y Ea: extracted volume used
for amplification.
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Statistical analyses

Two-way ANOVA, Tukey’'s media comparison (Factors water matrix and days), and main
effects graphics were realized with GraphPad 8.0.1 (Prism). The same software was used to
analyze the one-phase decay analyses to determine the half-life, r2, RSME, and k values for each
water matrix. K values were used to calculate the T90, the time required to achieve a 90 % (one
log) reduction as described by (Ahmed et al., 2020).

Results and discussion

The in vitro kinetics of SARS-CoV-2 RNA was determined on different water matrices:
seawater, two wastewater (Influent and effluent), and one domestic use matrix (tap water).
All water samples had similar pH~7. Influent water had the lowest percentage of dissolved
oxygen, followed by tap water (0 and 0.2 ppt TDS, respectively), and influent was also the
most turbid water. Sea water had more conductivity than any other and the highest salinity
value (Table 1). After inoculating SARS-CoV-2 into each water type microcosm, they were
tested for the next 62 days to determine the longest time SARS-CoV-2 RNA could be detected
(Supplemental table 1).

Table 1. Water physicochemical parameters

Water matrix

Parameter Units

Seawater Influent Effluent Tap water
pH pH 7.97 7.28 7.30 7.09
ORP! mV 155.5 -118.4 164.7 323.5
Dissolved Oxygen % 7.5 0.0 6.7 0.2
Conductivity mS/cm2 54.80 1.046 0.955 0.287
Resistivity MQ-cm 0.0 0.0010 0.0010 0.0035
TDS? ppt Tds 27.32 492 477 144
Salinity PSU 36.14 0.48 0.47 0.14
Sea Water Sigma at 239 - 0.0 0.0
Turbidity FNU 12.3 262 7.9 0.0
Temperature °C 26.03 28.31 28.54 24.25

'"Oxidation-reduction potential, ?Total dissolved solids
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Positive RNA samples detected at different times were used to determine the viral load
using Quantitative Synthetic SARS-CoV-2 RNA: ORF, E, N (ATCC) in serial dilutions 105, 104,
103, 102, 10" copies uL' (n = 3). The values of each water sample at each time (n = 3) were used
following Liotti et al. (2021) to determine the total concentration per mL in each initial sample.
Samples were analyzed in two batches each one with a respective standard curve with values
of E=92.1 %, R2=0.994, Slope= -3.526 and E=88.2 %, R?=0.999, Slope= -3.641 (Supplemental
figures 2 and 3).

ANOVA and main effects analyses

As expected by the nature of RNA molecules, the two-way ANOVA (Table 2; supplemental
table 2) indicates the significance not only of both factors: days (p = 0.0001) and water matrix
(p =0.0001) on the viral load detected, but also the significance of the interaction of both factors
(p = 0.0001).

Table 2. Source of variation and significance of each factor and

interaction
Source of variation % of total variation P value
Interaction 22.48 <0.0001
Days 55.58 <0.0001
Water matrix 20.77 <0.0001
Subject 0.5095 0.0003

The factor days (Figure 2) had an inverse relationship between the viral load and the time
lapsed. The more time SARS-CoV-2 viral particle remained in the water; the less RNA detected
by RT-PCR in real time. Interestingly even during the full time of this experiment (62 days),
SARS-CoV-2 RNA was still detected, this has implications for the use of RNA as a biomarker for
genomic surveillance of SARS-CoV-2. Results of Tukey’s comparison of main factor days and
water matrix are presented in supplemental tables 3 and 4.

On the other hand, the water matrix had a significant impact on the recuperation of viral
RNA through time (Figure 2), highlighting the tap water matrix where the viral load detection was
constant during the experiment time. Also, the mean values after 62 days for effluent wastewater
and seawater showed no difference till the end of the experiment.

Revista Bio Ciencias 10, €1529. 6



Lira-Morales et al., 2023.

Water matrix and viral load

The concentration of viral RNA detected showed the highest decay between the 9 and
20 days in effluent and influent wastewater matrices, but not for seawater, where the decay was
constant in the experiment post-inoculation (Figure 2).

Figure 1. Viral load of SARS-CoV-2 on different water matrices. Ln (Ct/C0) of the
viral load vs time in days post inoculation of microcosmos (n = 3).

The upper and lower bars for each point represent the standard deviation.

Seawater viral RNA was detected until the final of the experiment of 62 days. Seawater is a
recreational matrix where people gather in large numbers, sometimes in extreme proximity, which
is a reasonable argument to consider monitoring SARS-CoV-2 can be useful for WBE studies.
Mordecai & Hewson (2020) suggest that members of the Nidovirales group, which includes
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human coronaviruses, may be distributed in diverse environments such as seawater; other
studies have assessed the risk of the presence of SARS-CoV-2 on this environmental matrix.
To date, Sala-Comorera et al. (2021) suggest that viral particles show a rapid infectivity decay
in seawater, also, De Rijcke et al. (2021) detected a rapid decay in viral particles in seawater,
with @ maximum decay of 99 % of viral load in 2 days of exposition under this scenario. In our
study in the seawater matrix, the SARS-CoV-2 RNA was still detected for 62 days at 24 °C
under controlled laboratory conditions, Ahmed et al. (2020) work remark on the importance of
temperature on SARS-CoV-2 detection, finding that temperatures near 4 °C are related with
a lower decay in SARS-CoV-2 viral load when compared with 15, 25 and 37 °C. Moreover,
temperature and physicochemical parameters such as salinity (Table 1) become a hurdle in
SARS-CoV-2 detection for the data generation for WBE studies.

In untreated (Influent) and treated (Effluent) wastewater, the analysis showed that SARS-
CoV-2 is detectable from 0 to 62 days (1,488 h). Monitoring wastewater treatment plants has
been used as a window to know about community health status through wastewater-based
epidemiology of viral pathogens, including COVID-19 (Aguiar-Oliveira et al., 2020). Considering
both sources of wastewater from a treatment plant: influent and effluent, the viral load on the
influent sample showed a steady decline during the experiment; meanwhile, in effluent water,
it can be noted a faster reduction of the SARS-CoV-2 detection, the first 20 days (Figure
2). Ahmed et al. (2020) showed the decay of SARS-CoV-2 RNA in untreated wastewater at
25 °C ranging from 10.5 to 15.5 days as necessary to reduce 1 Log, . Our results show a similar
decay for the initial stages of wastewater from both influent (untreated municipal wastewater)
and effluent; however, it is important to consider that influent (Untreated) and effluent (Treated)
waters may vary depending on the location of the water treatment plant, this is due that influent
water composition is dependent of completely of the surrounding human activities.

Finally, in tap water, SARS-CoV-2 RNA could be detected along the study, from time
0 to day 62 (1,488 h), at minimal variation. These results suggest the stability of viral genetic
material in this type of water, which did not show a notable logarithmic reduction between time
intervals, thus, becoming a potential risk to the community health. The lack of harsh conditions in
this matrix (Table 1) could have helped the most prolonged detection of all water tested. These
results suggest the suitability of tap water as a reservoir for long-time SARS-CoV-2 viral particles;
despite the low probability of occurrence, this result not only highlights that the decay effect is
dependent on the water matrix, but also, can be a source to identify potential risks associated to
sub-optimal tap water treatment.

The long-term stability of SARS-CoV-2 RNA in this study reflects the potential use of
wastewater as an indicator of the presence of this virus in the environment, making it a valuable
tool for epidemiological surveillance at early and advanced stages of sanitary emergencies in
developing and developed countries (Gerrity et al., 2021; Giraud-Billoud et al., 2021). The use
of wastewater-based epidemiology is relevant for estimating the prevalence of COVID-19 in
communities due to the possibility of detecting the virus in wastewater before the clinical cases
outburst; however, it is necessary to implement an adequate strategy for sampling and clinical
testing. The inclusion of environmental parameters for correlational studies and the evaluation
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or refining of methodologies to improve the possibilities and sensitivity for SARS-CoV-2 RNA
detection in wastewater (Kumar et al., 2020; Randazzo et al., 2020; Sherchan et al., 2020;
Thompson et al., 2020). Polo et al. (2020) also highlighted the importance of wastewater-based
epidemiology, considering several factors like sampling, viral recovery, and identifying viral RNA
as key to reporting the indirect effect on RNA levels in wastewater. In this sense, it is crucial to
consider the implementation of QMRA to evaluate the potential risk of SARS-CoV-2 to better
understand and prevent its burden on human health (Kitajima et al., 2020).

Viral load decay of SARS-CoV-2 RNA in environmental raw aquatic matrices

GraphPad 8.0.1 (Prism) was used to determine the half-life (days to half total
decay), r? (model fit), RSME (root mean square error), and k (decay rate constant) values for each
water matrix. k values were used to calculate the T, [time required to achieve a 90 % reduction
(one log)]. The behavior of the tap water during the 62 days of the experiment did not have an
appropriate fit (0.1297) for the one-phase decay model used to determine the data mentioned
above. However, this model was fit for the other three water matrices with r2from 0.8930 to
0.9240 (Supplemental Table 5); the fastest time for the half-life of SARS-CoV-2 RNA was on
the effluent wastewater with 15 days average. Since effluent water from treatment plants has
physical and chemical treatments before being liberated to the wild, this environment represents
a harsh place for viral RNA detection. The most prolonged half-life of all the water matrices was
influent wastewater with 43 days; this water could be considered a harsher environment for
viral RNA detection. However, its physicochemical characteristics depend entirely on the nearby
population and the activities developed in the community. Because of that, the detection of
SARS-CoV-2 viral RNA could vary from community to community. Interestingly till the finalization
of the experiment (62 days), the effluent water required around 50 days for one log reduction;
meanwhile, influent water required 143 days on average for the same reduction. Seawater has
different physicochemical parameters to the other water matrices; nonetheless, it has a similar
decay rate to the influent water with a half-life of 32.23 days and a T, of 107 days.
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Figure 2. Viral load decay of SARS-CoV-2 RNA in environmental raw aquatic
matrices, Half-life, and T, values for each water matrix are shown for each water
matrix. r? for one-step decay of effluent, influent, and seawater was 0.89, 0.92,

and 0.89 respectively.

In this study, we successfully demonstrated the different kinetics of detection of SARS-
CoV-2 RNA on different water matrices where the dynamic of SARS-CoV-2 was shown to have
the potential to be used as a monitoring tool. However, our study is limited to the controlled
conditions in the laboratory environment. Hence, more information about the other environmental
variables that could affect SARS-CoV-2 RNA detection is needed. In this regard, Ahmed et al.
(2020) evaluated the decay of SARS-CoV-2 under different temperatures (4, 15, 25 and 37 °C);
their results suggest that temperature is an essential factor for the stability and decay of SARS-
CoV-2 in water samples such as untreated wastewater, autoclaved wastewater, and tap water.
Despite of limitations of our study, results allow us to imply that wastewater is an essential matrix
for viral genetic material surveillance for WBE, widely studied in recent years as a product of
the sanitary emergence of COVID-19 by SARS-CoV-2 (Ahmed et al., 2020; Gerrity et al., 2021).
Nonetheless, the detection of viral SARS-CoV-2 RNA cannot be related to the structural integrity
of the virus, even more, some studies demonstrate the absence of cytopathic effects in cell
culture when exposed to SARS-CoV-2 isolated from wastewater and rivers (Rimoldi et al., 2020),
in some cases detecting the decay on infectivity after only 4 h, also has been found that that this
process rate is dependent on the water matrix in which SARS-CoV-2 is present (Sala-Comonera
et al., 2021). However, in less harsh water matrices such as tap water, it is possible to find
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infectious viral particles of SARS-CoV-2 for 35 days (Fukuta et al., 2021); more studies need to
apply cell culture and microscopy to determine the infective potential of the viral particles isolated
in this study.

Conclusions

In this study, we demonstrate the stability and kinetics of the detection of SARS-CoV-2 RNA
in different water matrices. The effect of environmental factors on the survivability of SARS-CoV-2
in aqueous environments can help in risk assessment and the planning of sanitation infrastructure.
Seawater and wastewater harsh conditions constrain SARS-CoV-2 RNA recovery, while in tap
water, the viral genetic material remained for the longest time. The surveillance of seawater and
wastewater for SARS-CoV-2 can be a leading indicator of dynamics in the COVID-19 burden or
its possible re-emergence in a community and serve as a tool for Water-Based Epidemiology,
especially where resources are limited. The high stability of SARS-CoV-2 RNA in several water
matrices is valuable as a tool for viral surveillance but also as being subjected to QMRA studies
since data imply these waters as viable routes of SARS-CoV-2 dissemination and possibly
transmission.
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Supplementary Tables and Figures

Supplemental Table 1. RT-PCR in real time detection of SARS-CoV-2 RNA on
different water matrix

Water matrix

Time (h) Days (d)
Seawater Influent Effluent Tap water

0 0 + + + +
120 5 + + + +
216 9 + + + +
480 20 + + + +
816 34 + + + +
1,152 48 + + + +
1,488 62 + + + +

(-): Non detection of SARS-CoV-2 RNA, (+): Detection of SARS-CoV-2 RNA.

Supplemental Table 2. P-values of two-way ANOVA (analysis of variance) of Ln(C/
C,) with Tukey’s multiple comparison test (n=3)

ANOVA ss DF MS F (DFn, DFd) P value

table

Interaction 747 18 4.15 F (18,48)=91.02 P<0.0001

Days 1847 6 30.78 F(4.449,3559) b4 0001
= 675.1

Water 69.02 3 23.01 F(3,8)=1087  P<0.0001

matrix

Subject 1693 8 02116  F(8,48)=4.642  P=0.0003

Residual 2188 48 0.04559
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Supplemental table 3. Tukey's comparison of main factor days

Tukey’s.multiple Mean Diff. 95.00% CI of diff.  Significant? Summary Adjusted
comparisons test P Value
Ovs.5 0.1892 -0.3069 to 0.6853  No ns 0.813
Ovs.9 0.9394 -0.01485t0 1.894  No ns 0.0546
0vs. 20 2.1 0.8951 to 3.325 Yes Hox 0.001
Ovs. 34 2.677 0.8702 to 4.484 Yes * 0.0035
Ovs. 48 4.063 2.078 t0 6.049 Yes e 0.0002
0vs. 62 3.515 1.443 to 5.587 Yes * 0.0012
5vs. 9 0.7502 0.1394 to 1.361 Yes * 0.0139
5vs. 20 1.921 0.4134 to 3.428 Yes * 0.0108
5vs. 34 2.488 0.6354 to 4.341 Yes * 0.0074
5vs. 48 3.874 1.855 to 5.894 Yes e 0.0004
5vs. 62 3.326 1.323 t0 5.328 Yes ** 0.0014
9vs. 20 1.171 -0.5908 to 2.932 No ns 0.2969
9vs. 34 1.738 -0.2044 to 3.680 No ns 0.0899
9vs. 48 3.124 0.9043 to 5.344 Yes ** 0.0052
9vs. 62 2.576 0.4522 to 4.699 Yes * 0.0151
20 vs. 34 0.5671 -0.5540 to 1.688 No ns 0.5738
20 vs. 48 1.953 0.6091 to 3.298 Yes ** 0.0041
20 vs. 62 1.405 -0.2135 to 3.023 No ns 0.104
34 vs. 48 1.386 0.7506 to 2.022 Yes e 0.0001
34 vs. 62 0.8377 0.1055 to 1.570 Yes * 0.0222
48 vs. 62 10.5485 Pt No ns 0.0527
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Supplemental Table 4. Tukey's comparison of main factor water

matrix
Tukey’s multiple Mean Diff.  95.00% Clof diff.  Significant?  Summary  Adiusted
comparisons test P Value
0
5
Effluent vs. Influent 0.5922 -0.2612 to 1.446 No ns 0.105
Effluent vs. Seawater 1.201 0.2531 to 2.150 Yes * 0.0236
Effluent vs. Tap Water 0.4036 -0.3802 to 1.187 No ns 0.2067
Influent vs. Seawater 0.6093 -0.5756 to 1.794 No ns 0.1778
Influent vs. Tap Water -0.1886 -0.4457 to 0.06861 No ns 0.1163
Seawater vs. Tap Water -0.7978 -1.915t0 0.3194 No ns 0.1012
9
Effluent vs. Influent -0.1226 -1.202 to 0.9569 No ns 0.9533
Effluent vs. Seawater 1.986 0.6146 to 3.357 Yes * 0.0148
Effluent vs. Tap Water 0.3444 -0.7645 to 1.453 No ns 0.6192
Influent vs. Seawater 2.108 0.7092 to 3.507 Yes * 0.0163
Influent vs. Tap Water 0.467 -0.4596 to 1.394 No ns 0.2915
Seawater vs. Tap Water -1.641 -2.995 to -0.2873 Yes * 0.0278
20
Effluent vs. Influent -1.632 -3.081 t0 -0.1817 Yes * 0.0388
Effluent vs. Seawater -2.199 -3.528 to -0.8687 Yes * 0.0143
Effluent vs. Tap Water -3.046 -4.270 to -1.822 Yes ** 0.0025
Influent vs. Seawater -0.567 -1.065 to -0.06883 Yes * 0.034
Influent vs. Tap Water -1.414 -2.351t0 -0.4775 Yes * 0.0184
Seawater vs. Tap Water -0.8471 -1.708 t0 0.01334 No ns 0.0522
34
Effluent vs. Influent -1.086 -2.076 to -0.09517 Yes * 0.0418
Effluent vs. Seawater -0.7155 -1.502 to 0.07083 No ns 0.0669
Effluent vs. Tap Water -4.367 -5.213 to -3.521 Yes bl 0.0001
Influent vs. Seawater 0.3701 -0.4515t0 1.192 No ns 0.2181
Influent vs. Tap Water -3.281 -4.286 to -2.276 Yes ** 0.0046
Seawater vs. Tap Water -3.651 -4.446 to -2.857 Yes b 0.0002
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Continuation

Supplemental Table 4. Tukey's comparison of main factor water

matrix
Tukey’s multiple comparisons test  Mean Diff. 95.00% CI of diff. Significant?  Summary éd\j/l;szd
48
Effluent vs. Influent 0.09641 -1.989 to 2.182 No ns 0.9872
Effluent vs. Seawater -0.7748 -1.296 to -0.2541 Yes * 0.0182
Effluent vs. Tap Water -4.394 -5.084 to -3.704 Yes bl 0.0001
Influent vs. Seawater -0.8712 -2.767 to 1.024 No ns 0.2387
Influent vs. Tap Water -4.491 -6.296 to -2.685 Yes ** 0.0054
Seawater vs. Tap Water -3.619 -4.239 to -3.000 Yes bl 0.0001
62
Effluent vs. Influent 0.4389 -0.9070 to 1.785 No ns 0.5942
Effluent vs. Seawater 0.3439 -0.9178 to 1.605 No ns 0.6856
Effluent vs. Tap Water -4.136 -5.390 to -2.882 Yes ** 0.001
Influent vs. Seawater -0.09508 -1.318 to 1.127 No ns 0.9864
Influent vs. Tap Water -4.575 -5.784 to -3.367 Yes bl 0.0006
Seawater vs. Tap Water -4.48 -5.471 to -3.490 Yes bl 0.0002

Supplemental Table 5. Viral load decay of SARS-CoV-2 RNA in
environmental raw aquatic matrices

Effluent Influent Seawater
K [95%CI] 0.0461 [0.025 t0 0.071]  0.0196 [0.003 to 0.0372] 0.0215 [0.0004 to 0.0473]
Half-life [95%CI]  15.01[9.724 to 27.53] 35.36 [18.62 to 180.5] 32.23 [14.64 to 1403]
r 0.8930 0.9240 0.8959
RSME 0.7806 0.6386 0.5637
T,,days 49.85 117.47 107.09
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Supplemental Figure 1. Integrity gel under denaturing conditions of RNA extracted
by TACO™ Nucleic Acid Automatic Extraction System. Agarose gel 2%, 50 V for
60 min.
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Supplemental Figure 2. Standard curve used for quantification of SARS-CoV-2 in
different water matrix.

Supplemental Figure 3. Standard curve used for quantification of SARS-CoV-2 in
different water matrix.
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