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The COVID-19 pandemic has been one of the biggest challenges worldwide. The psychological disorders asso-
ciated with the pandemic causing depression, insomnia, post-traumatic stress disorder (PTSD) and anxiety reduce
emotional stability. Different antidepressant drugs with several mechanisms of action are used with a prescrip-
tion. The excretion of the compounds and their metabolites reach municipal wastewaters and enter sewage

treatment plants with a low rate of remotion of pharmaceutical compounds and the releasing on the environment.
Several effects on aquatic species exposed to antidepressants have been reported as the impact in gene tran-
scription, reproduction cycles, predator defense, and motility. The aim of this work is to resume the common
antidepressants detected in wastewater around the world and show the increment of its use during SARS-CoV-2

crisis.

1. Introduction

Depression is one of the most costly and burdensome mental illnesses
globally; it represents one of the main leading causes of disability
worldwide and can lead to suicide. It has been reported that 50% of in-
dividuals who have committed suicide were previously diagnosed with
depression [1]. Effects of depression are associated with more impair-
ment in occupational and interpersonal functioning in comparison to
several common medical illnesses, the cost of depression is greater than
others common medical illnesses, as more than 264 million people suffer
from depression worldwide and, together with anxiety disorders, it costs
the global economy US$1 trillion a year in lost productivity [2,3]. As an
epidemiological phenomenon, it is paramount to get as much informa-
tion as possible and make sure it is reliable. During the present review, it
is explored wastewater-based epidemiology as a tool to be used for
stakeholders to deliver the corresponding policy to current problems. The
process includes the antidepressant drug, metabolites detected, detection
method, accuracy and some current studies that successfully track the
epidemic.

It is important to know that different treatments for moderate and
severe depression are available; overall, antidepressant drugs are
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commonly used. These pharmaceuticals target different neurotransmit-
ters involved in mood regulation which are categorized according to
their chemical properties or action mechanisms and presented in Table 1;
some examples include selective serotonin reuptake inhibitors (SSRIs);
tricyclic antidepressants (TCA); monoamine oxidase inhibitors (MAO-I);
serotonin and noradrenaline reuptake inhibitors (SNRIs); selective
noradrenaline reuptake inhibitors (NARI); serotonin antagonists and re-
uptake inhibitors (SARI); noradrenergic and specific serotonergic anti-
depressants (NaSSA); selective serotonin reuptake enhancers (SSRE),
dopamine reuptake inhibitors (DRI) and antidepressants with a direct
effect on neuroreceptors [4,5].

Recently, the effects of the COVID-19 pandemic on mental health
have been investigated and reported in several studies, concluding that
the shifts in lifestyle behaviour, physical activity reduction, self-isolation,
population-wide confinements, stress, uncertainty, unemployment or
increased workload, and work adaptation have provoked a rise on acute
psychological distress, anxiety, insomnia, depression, and post-traumatic
stress disorder (PTSD) among healthcare workers and the general pop-
ulation [6-12]. There are also precedents regarding the negative mental
health effects of quarantine and isolation measures that were put in place
across different countries due to the severe acute respiratory syndrome
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Table 1
Antidepressant drugs categorized by action mechanism.
SSRIs TCA MAO-I SNRIs NARI SARI NaSSA SSRE DRI
Citalopram Amitriptyline Isocarboxazid Desvenlafaxine Amedalin Etoperidone Aptazapine Tianeptine Amineptine
Escitalopram Amoxapine Phenelzine Duloxetine Atomoxetine Lorpiprazole Esmirtazapine Phenmetrazine
Fluoxetine Desipramine Selegiline Levomilnacipran Daledalin Mepiprazole Mianserin Vanoxerine
Paroxetine Doxepin Tranylcypromine Venlafaxine Edivoxetine Nefazodone Mirtazapine Modafinil
Sertraline Imipramine Esreboxetine Trazodone Setiptiline
vortioxetine Nortriptyline Lortalamine Teciptiline
vilazodone Protriptyline Nisoxetine
Trimipramine Reboxetine
Talopram
Talsupram
Tandamine
Viloxazine

Abbreviations: SSRIs Selective serotonin reuptake inhibitors, TCA Tricyclic antidepressants, MAO-I Monoamine oxidase inhibitors, SNRIs Serotonin and noradrenaline
reuptake inhibitors, NARI Selective noradrenaline reuptake inhibitors, SARI Serotonin antagonists and reuptake inhibitors, NaSSA Noradrenergic and specific sero-
tonergic antidepressants, SSRE Selective serotonin reuptake enhancers, DRI Dopamine reuptake inhibitors.

(SARS) (2003), Ebola (2014), and HIN1 influenza (2009) outbreaks
[13]. This review focuses on the antidepressants risks to society and,
environment, its extraction and quantification methods in wastewater to
understand wastewater based epidemiology potential to protect from
aggressive consumption due the pandemic.

1.1. Risks of antidepressants abuse to society and environment

The study of the presence of pharmaceutically active compounds
(PhACs) in urban wastewaters has gained importance due to their envi-
ronmental deleterious effects. After their use, the active pharmaceutical
ingredients (APIs) and metabolites are excreted, reaching municipal
wastewaters and entering sewage treatment plants (WWTPs and STPs
respectively). Since WWTPs and STPs are not designed to remove such
substances, some residues remain in the effluents and end up in the
environment, causing adverse biological effects to the wildlife [5,14]. It
has been reported that fluoxetine can alter the courtship behavior of
Sturnus vulgaris, which can affect the population dynamics, and also show
a frequency reduction in food consumption [15,16]. In a lab test with
group settings of Gambusia Holbrooki fluoxetine disrupted the frequency
of aggressive interactions and food consumption.

Particularly, antidepressants have received high attention due to the
risks they represent for aquatic wildlife and their potential to be abused
by consumers [17]. Although they often degrade during treatment at
WWTPs and STPs, levels ranging from nanograms to micrograms per liter
can still be found in effluents, leading to different negative effects on
aquatic species. Several reports have shown that even low levels of SSRIs
or SNRIs can alter different biological processes of fish [5]; exposure to
fluoxetine and TCAs amitriptyline and mianserin, has been proven to
significantly impact gene transcription in zebrafish [18]; fluoxetine has
also been shown to compromise the antipredator behaviour of mosqui-
tofish, activating its locomotor activity regardless of the presence or
absence of a predator [19] and it has been recorded that even low doses
of this pharmaceutical affect the behaviour of the freshwater invertebrate
Gammarus pulex [20]; tissue-specific bioaccumulation of citalopram,
sertraline and venlafaxine was reported in rainbow trout (Oncorhynchus
mykiss) exposed to the effluent of a Swedish municipal STP, where these
compounds were found in the livers and brains of most fish. In addition,
fish in the wild are constantly simultaneously exposed to several types of
antidepressants, which can pose a higher risk [5]. Therefore, effective
and sensitive methods are needed to determine the presence and quantify
the environmental levels of antidepressants to evaluate and prevent their
potential effects in the environment.

Currently, monitoring the use of antidepressants is predominantly
based on general population surveys (GPS) and on prescriptions and sales
data as reported in NHS for the UK health system [21]. These approaches
provide relevant information about well-being patterns and medicinal
use in a general population, however, they have important limitations;

bias is commonly encountered in self-report surveys, data recording is
not performed periodically, sales data does not provide accurate infor-
mation on the actual amounts of pharmaceuticals that are being
consumed, and figures do not deliver information regarding the amount
of medicine used in hospital settings [4].

Wastewater-based epidemiology (WBE) is a novel approach that
studies community-wide exposure or consumption of specific xenobiotics
by analysing their metabolic excretion products (biomarkers) [4,17,21,
22]. Since excreted biomarkers are collected by the urban sewage system,
this approach provides valuable information regarding the amount and
type of substances being consumed by a certain population. WBE has
proved its potential in estimating close to real-time illicit drug con-
sumption [22-25]; alcohol and tobacco use [22,26,27]; exposure to
different contaminants, such as pesticides [22,28,29]; or as a tool to
monitor infectious disease outbreaks [30,31].

The positive outcome of depression can be significantly improved by
early detection and proper treatment by the implementation of public
policy based on reliable data. WBE applications for pharmaceuticals,
such as antidepressants, can provide a deeper understanding of the
consumption trends of an area’s population, which can be useful to es-
timate disease prevalence, and can also serve as an indicator of potential
misuse [4,21]. Knowing this information could help health institutions to
take action to prevent and reduce the use of antidepressants. It would
also be useful for water treatment plants to improve their process and
avoid the prevalence of these molecules in their effluents to reduce the
impact on the environment. The increase in symptoms of depression,
anxiety, and insomnia might be indicative of a potential increase in the
use of antidepressants and other drugs i.e. the current COVID-19
pandemic as promoter of such population stress and the use of
different drugs to aid to mitigate negative impact of restrictions [6-12].
Several groups have reported side-effects of antidepressants than can
include damage to the central nervous system, ventricular tachycardia,
also behavioral effects like anxiety, agitation, irritability, insomnia, panic
attacks, aggressiveness, impulsivity, psychomotor restlessness and mania
which non only represent a problem for the health systems, but also for
the environment, due to the exposure of some species to the consumers’
excreted residues [32,33]. This must be monitored since these drugs can
be abused by consumers and because their excreted residues are harmful
to the environment [34].

2. Wastewater matrix extraction methods

Although there are highly sensitive, reliable analytical methods
available for the quantification of different biomarkers, samples often
have to be subjected to pretreatment in order to eliminate possible matrix
interferences caused by endogenous compounds, such as proteins, lipids,
and other organic or inorganic molecules. Preconcentration of the ana-
lytes is also important to enhance their sensitivity [35,36]. Solid-phase
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extraction (SPE) is one of the most commonly used techniques for com-
pound extraction. SPE method is used for the isolation and concentration
of specific analytes in fluids. The primary retention mechanism of the
compound is based mainly on the electrostatic attraction of the charged
functional group in the compound to the charged group that is bonded to
the silica surface, according to that, Ion exchange SPE can be used for
compounds in a solution, anionic and cationic compounds can be isolated
on an aliphatic quaternary amine group or aliphatic sulfonic acid groups
that is bonded to the silica surface, respectively, this is important to
consider for SPE cartridge selection. The analytes have an affinity for the
solid phase as they are partitioned between a solid and a liquid (instead
of two immiscible liquids such as in liquid-liquid extraction or LLE).
Commonly, higher affinity solvents for the analytes are used to remove
the compounds retained on the solid phase [37-39]. Several reports show
the use of SPE for analyte extraction from wastewater samples, as shown
in Table 2.

There has been an effort from several research groups to conduct
green methods to avoid the use of hazardous substances, which have
traditionally been used, such as common solvents with known toxicity
(e.g. acetonitrile, methanol or dichloromethane). A green analytical
method was developed to extract and quantify 37 micropollutants in
wastewater samples from a WWTP in Portugal, including SNRI Ven-
lafaxine, SSRI Fluoxetine and the Norfluoxetine metabolite [40]. The
method was based on solid phase extraction (SPE) in combination with
an ultra-high performance liquid chromatography with tandem mass
spectrometry (UHPLC-MS/MS). Ribeiro et al. evaluated the concentra-
tion of the pollutants after secondary biological and tertiary UV treat-
ments, and successfully employed ethanol as the conditioning and
eluting solvent, using an OASIS® HLB cartridge. The use of ethanol in
the SPE process showed similar overall recoveries than those obtained
with methanol. From the different pollutants mentioned earlier, Ven-
lafaxine showed the highest recovery (97.2-104%), followed by
Fluoxetine (42.8-53.2%). Norfluoxetine showed a lower recovery of
11.9-15.3%.

Other techniques for analyte extraction have also been studied. For
instance, a method that combines gel electromembrane extraction
(GEL-EME) and switchable hydrophilicity solvent-based homogeneous
liquid-liquid microextraction (SHS-HLLME) was recently developed.
The procedure was followed by gas chromatography flame ionization
detector (GC-FID) and was used to successfully extract and quantify
TCA Desipramine and SSRI Citalopram from human serum, breast milk
and wastewater samples [41]. Common electromembrane extraction
(EME) allows the extraction of ionic analytes from aqueous solutions
into a small volume of an acceptor solution by using an organic solvent
immobilized in a propylene hollow fiber as a supported liquid mem-
brane (SLM). In this study, a green agarose-based membrane was used
to substitute this SLM in order to avoid the use of toxic organic sol-
vents. Moreover, agarose is a cheap and convenient material, which
can be used for several membrane thicknesses. Platinum electrodes
were set in the sample and acceptor solutions, both of which were
connected to a power supply that was used to extract the ionic com-
pounds [41,42]. The resulting acceptor solution was then used as the
sample solution in the SHS-HLLME, and dipropylamine (DPA) was
selected as the optimal SHS. In order to evaluate the performance of
the method, the biological and wastewater samples were spiked with
the target analytes at concentrations of 25.0, 50.0, and 250.0 ng/ml.
The obtained RDS and relative recovery values were within 5.7-13.0%
and 65.6-93.7%, respectively. The combination of both extraction
methods results suitable for the analysis of real samples in complex
matrices [41].

2.1. Quantification of metabolites by analytical methods
Sewage is a complex matrix and WBE samples contain scarce con-

centrations of the target biomarkers, therefore, their determination and
quantification represent critical steps in WBE; up to now, mass
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spectrometry represents the most frequently used analytical method due
to its high sensitivity and selectivity. Liquid chromatography - mass
spectrometry (LC-MS) (both conventional LC and ultra high performance
LC) is the most common technique used for this purpose [35]. Currently,
most published methods for the quantification of antidepressants in
wastewater focus on analysing the compounds after extraction through
reverse-phase  liquid  chromatography coupled to tandem
mass-spectrometry (RPLC-MS/MS) via multiple reaction monitoring
(MRM). Efforts towards developing broader-range bioanalytical methods
that can simultaneously measure several antidepressants and their me-
tabolites from wastewater samples, in low concentrations, and in short
periods of time, have been made [4,22].

A LC-MS/MS based analytical method for the analysis of 14 antide-
pressants and their N-desmethyl metabolites was presented by Ref. [14].
Raw influent and final effluent samples were obtained from 5 Canadian
STPs. The LC system was coupled to a triple quadrupole mass spec-
trometer (QqQMS) with a positive electrospray ionization (ESI) source. A
total run time of 20.0 min was achieved and the limits of detection (LOD)
values ranged from 0.1 to 0.2 ng/L for the effluent samples and from 0.03
to 0.4 ng/L for those from the influent. The limits of quantification (LOQ)
of the final effluent samples ranged from 0.04 to 0.7 ng/L and those from
the raw influent varied from 0.1 to 0.7 ng/L (Lajeunesse et al., 2012).

Another bioanalytical method was developed by Ref. [4] in order to
assess spatio-temporal trends in the use of antidepressants throughout
different areas in Belgium. The aim of the study was to propose a
methodology that could ultimately be used as a preventive information
system that could help to rapidly identify pattern changes in the use of
these pharmaceuticals. Samples were taken from influent wastewater of
four different Belgian WWTPs that covered an approximate of 1.2 million
inhabitants. The authors used a sensitive Ultra High Performance LC
(UHPLC) coupled to a triple quadrupole mass spectrometer with an
electrospray interface (ESI) in positive ionization mode. Dynamic mul-
tiple reaction monitoring (AMRM) was also used. The presence of 18 out
of 27 studied biomarkers was confirmed in the WWTPs’ samples. The
total run time of the process was 20.0 min and the lower limits of
quantification (LLOQ) for all 27 compounds ranged between 1 and 25
ng/L [4].

One of the most recent improvements for the extraction and quanti-
fication of metabolites from a low volume sample is presented by
Ref. [22]. In this study, the authors describe an ultra-fast high--
throughput method for the quantification of 135 contaminants of
emerging concern (CECs), including several common antidepressants.
This direct injection liquid chromatography-tandem mass spectrometry
LC-MS/MS technique is able to run a complete test of filtered wastewater
in 5.0 min using only 10 pL of sample on a short biphenyl cartridge. Up to
76 analytes were processed simultaneously during the gradient, an
average of <30 ng/L limits of detection (LOD) were obtained, and matrix
effects were reported as <11% [22]. Table 2 summarised some quanti-
fication methods that have been proposed and probed for the analysis of
CECs in wastewater.

3. Conclusions and remarks

Up until now the impact of the COVID-19 pandemic on antidepressant
consumption on a global scale has not been calculated [45]. Great efforts
on wastewater sampling during SARS-CoV-2 spread to detect substances
are representing an epidemiological strategy to provide scientific data of
the mental health pandemic, countries in Asia, Europe, and USA are
recording values of the use of antidepressants, the majority based on
analytical methods such as LC-MS [46]. Also, applying the methodology
of wastewater based epidemiology provides a significant global public
health tool to detect SARS-Cov-2. Challenges in the use of complex
matrices as wastewater and preconcentration methods have led to pro-
posed methods that offer advantages over conventional sample prepa-
ration techniques as the generation of smaller volumes of biodegradable
solvents makes this method eco-friendly. The mixed-bed multilayer trap
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Table 2
Analytical Detection of antidepressants drugs in wastewater.
Antidepressant (Metabolite) Drug Extraction Recovery Detection Matrix LoD LoQ Detected Place Collection Reference
Group (%) Method Range
Amitriptyline (AMI, TCA SPE StrataX- 87 +3 LC-QqQMS Raw 0.03 0.1 ng/L 46-283 ng/L 5 STPs in Canada [14]
nortriptyline) C Cartridges influent ng/L
88 +2 Final 0.01 0.04 ng/L
effluent ng/L
98 + 14 Sludge 0.04 0.1 ng/L
ng/L
SPE MCX ~ RPLC-MS/ Raw NR 91.50% 15-750 ng/L 4 WTPs in [4]
Oasis® HLB 80-110 MS Influent Belgium
cartridges HLB ~ 40-
Oasis® MCX 70
cartridges
SPE 58+3 UHPLC-MS Raw NR NR 126-167 g/ WWTP England, [43]
Oasis® HLB 90 +3 Influent day UK [21]
cartridges Sludge
Oasis® MCX
cartridges
NR NR Direct Raw 29 + 95 + 197 72-95 ng/L WWTP London, [22]
LC-MS/MS  Influent 59 ng/L UK
ng/L
NR NR Direct Raw 29 + 95 + 197 ND WWTP [22]
LC-MS/MS  Influent 59 ng/L Monterrey,
ng/L Mexico
NR NR Direct Raw 29 + 95 +197  72-87 ng/L WWTP [22]
LC-MS/MS  Influent 59 ng/L Southwestern,
ng/L USA
Bupropion (Bupropion-d9, SSRI NR NR Direct Raw 29 + 95 + 197 ND WWTP London, [22]
BUP) LC-MS/MS Influent 59 ng/L UK
ng/L
NR NR Direct Raw 29 + 95 + 197 ND WWTP [22]
LC-MS/MS Influent 59 ng/L Monterrey,
ng/L Mexico
NR NR Direct Raw 29 + 95 + 197 23-162 ng/L WWTP [22]
LC-MS/MS  Influent 59 ng/L Southwestern,
ng/L USA
Dosulepin (Northiaden, SNRI SPE 82 +1 UHPLC-MS Raw NR NR 32.5-49 g/ WWTP England, [43]
dothiepin sulfoxide, Oasis® HLB 90+ 6 Influent day UK [21]
northiaden sulfoxide) cartridges
Oasis® MCX
cartridges
Fluoxetine (Norfluoxetine, SSRI SPE 85+ 6 LC-QqQMS Raw 0.3 0.7 ng/L 9-26 ng/L 5 STPs in Canada [14]
desmethylfluoxetine) StrataX-C 93+1 influent ng/L 0.7 ng/L
Cartridges 97 + 10 Final 0.2 0.4 ng/L
effluent ng/L
Sludge 0.1
ng/L
SPE MCX ~ RPLC-MS/ Raw NR 102.70% 7.5-750 ng/L 4 WTPs in [4]
Oasis® HLB 40-80 MS Influent Belgium
cartridges HLB ~ 50-
Oasis® MCX 70
cartridges
SPE 71 +2 UHPLC-MS Raw NR NR 30.4-42.3 g/ WWTP England, [43]
Oasis® HLB 82+7 Influent day UK [21]
cartridges
Oasis® MCX
cartridges
NR NR Direct Raw 29 + 95 +197  50-58 ng/L WWTP London, [22]
LC-MS/MS  Influent 59 ng/L UK
ng/L
NR NR Direct Raw 29 + 95 + 197 ND WWTP [22]
LC-MS/MS Influent 59 ng/L Monterrey,
ng/L Mexico
NR NR Direct Raw 29 + 95 + 197 ND WWTP [22]
LC-MS/MS  Influent 59 ng/L Southwestern,
ng/L USA
Imipramine (Desipramine) TCA SPE MCX ~ RPLC-MS/ Raw NR 90.00% NR 4 WTPs in [4]
Oasis® HLB 80-100 MS Influent Belgium
cartridges HLB ~ 40-
Oasis® MCX 50
cartridges
Mianserin (Mianserin) NaSSA SPE MCX ~ RPLC-MS/ Raw NR 96.3%. NR 4 WTPs in [4]
Oasis® HLB 60-100 MS Influent Belgium
cartridges HLB ~ 50-
60

(continued on next page)
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Table 2 (continued)

Antidepressant (Metabolite) Drug Extraction Recovery Detection Matrix LoD LoQ Detected Place Collection Reference
Group (%) Method Range
Oasis® MCX
cartridges
Mirtazapine NaSSA Hypersil NR LC-MS/MS  Raw NR 0.002 pg/  0.023-0.17 WWTP in the [44]
(Desmethylmirtazapine) Gold column influent L pg/L Czech Republic
Final
Cogent effluent 0.013-0.068
Bidentate pg/L
C18 column
Norfluoxetine (Norfluoxetine) ~ SSRI SPE 72+ 4 UHPLC-MS  Raw NR NR 9.8-17.0 g/ WWTP England, [43]
Oasis® HLB 74 +5 Influent day UK [21]
cartridges
Oasis® MCX
cartridges
Nortriptyline (10-E- TCA SPE 89+1 LC-QqQMS Raw 0.05 0.2 ng/L 4.7-27 ng/L 5 STPs in Canada [14]
Hydroxynortriptyline) StrataX-C 92+1 influent ng/L 0.1 ng/L
Cartridges 45+5 Final 0.03 0.8 ng/L
effluent ng/L
Sludge 0.2
ng/L
SPE MCX ~ RPLC-MS/ Raw NR 103.60% 10-750 ng/L 4 WTPs in [4]
Oasis® HLB 30-80 MS Influent Belgium
cartridges HLB ~ 50-
Oasis® MCX 70
cartridges
SPE 83+2 UHPLC-MS Raw NR NR 7.4-12.3 g/ WWTP England, [43]
Oasis® HLB 79+ 4 Influent day UK [21]
cartridges
Oasis® MCX
cartridges
NR NR Direct Raw 29 + 95 +197  64-67 ng/L WWTP London, [22]
LC-MS/MS  Influent 59 ng/L UK
ng/L
NR NR Direct Raw 29 + 95 + 197 ND WWTP [22]
LC-MS/MS  Influent 59 ng/L Monterrey,
ng/L Mexico
NR NR Direct Raw 29 + 95 + 197 ND WWTP [22]
LC-MS/MS  Influent 59 ng/L Southwestern,
ng/L USA
Paroxetine (Paroxetine) SSRI SPE 73+ 4 LC-QqQMS Raw 0.1 0.3 ng/L 1.8-16 ng/L 5 STPs in Canada [14]
StrataX-C 72+ 4 influent ng/L 0.3 ng/L
Cartridges 63 + 10 Final 0.1 0.1 ng/L
effluent ng/L
Sludge 0.04
ng/L
Sertraline (Norsertraline) SSRI SPE 86 +5 LC-QqQMS Raw 0.1 0.4 ng/L 7.7-34 ng/L 5 STPs in Canada [14]
StrataX-C 90 +1 influent ng/L 0.04 ng/L
Cartridges 60 + 6 Final 0.01 0.8 ng/L
effluent ng/L
Sludge 0.2
ng/L
SPE MCX ~ RPLC-MS/ Raw NR 97.60% 15-750 ng/L 4 WTPs in [4]
Oasis® HLB 90-100 MS Influent Belgium
cartridges HLB ~ 40-
Oasis® MCX 80
cartridges
Hypersil NR LC-MS/MS  Raw NR 0.003pg/  0.007-0.027 WWTP in the [44]
Gold column influent L pg/L Czech Republic
Final
Cogent effluent 0.003-0.006
Bidentate pg/L
C18 column
NR NR Direct Raw 29 + 95 + 197 74-93 ng/L WWTP London, [22]
LC-MS/MS Influent 59 ng/L UK
ng/L
NR NR Direct Raw 29 + 95 + 197 67-93 ng/L WWTP [22]
LC-MS/MS  Influent 59 ng/L Monterrey,
ng/L Mexico
NR NR Direct Raw 29 + 95 + 197 ND WWTP [22]
LC-MS/MS Influent 59 ng/L southwestern,
ng/L USA
Venlafaxine (Venlafaxine) SNRI SPE 98 + 2 LC-QqQMS Raw 0.1 0.4 ng/L 788-2982 5 STPs in Canada [14]
StrataX-C 97 +2 influent ng/L 0.04ng/L  ng/L
Cartridges 101 +6 Final 0.04 0.5 ng/L
effluent ng/L
Sludge

(continued on next page)
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Table 2 (continued)
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Antidepressant (Metabolite) Drug Extraction Recovery Detection Matrix LoD LoQ Detected Place Collection Reference
Group (%) Method Range
0.2
ng/L
SPE MCX ~ RPLC-MS/ Raw NR 99.20% 5-1500 ng/L 4 WTP in [4]
Oasis® HLB 90-110 MS Influent Belgium
cartridges HLB ~ 60-
Oasis® MCX 80
cartridges
SPE 61 +4 UHPLC-MS Raw NR NR 178-242 g/ WWTP England, [43]
Oasis® HLB 100 £5 Influent day UK [21]
cartridges
Oasis® MCX
cartridges
Hypersil NR LC-MS/MS  Raw NR 0.007 pg/  0.12-0.80 WWTP in the [44]
Gold column influent L pg/L Czech Republic
Final
Cogent effluent 0.12-1.11
Bidentate pg/L
C18 column
NR NR Direct Raw 29 + 95 + 197 256-289 ng/ WWTP London, [22]
LC-MS/MS  Influent 59 ng/L L UK
ng/L
NR NR Direct Raw 29 + 95+ 197  104-1032 WWTP [22]
LC-MS/MS Influent 59 ng/L ng/L Monterrey,
ng/L Mexico
NR NR Direct Raw 29 + 95 + 197 52-208 ng/L WWTP [22]
LC-MS/MS  Influent 59 ng/L Southwestern,
ng/L USA

Abbreviations:LC-MS/MS Liquid chromatography-tandem mass spectrometry, LC-QqQMS Liquid chromatography-tandem triple quadrupole mass spectrometry, RPLC-
MS/MS Reversed phase liquid chromatography coupled to tandem mass spectrometry mass-spectrometry, UHPLC-MS Ultra high performance liquid chromatography-
tandem mass spectrometry, SPE Solid phase extraction, SSRI Selective serotonin reuptake inhibitor, SNRI Serotonin norepinephrine reuptake inhibitors, TCA Tricyclic
antidepressants, NaSSA Noradrenergic and specific serotonergic antidepressants, NR not reported, ND non detection.

columns are complementary methods that could retain a wide range of
polar compounds expanding the analytical scope. However, there are
great opportunities in developing more efficient preconcentration and
extraction methods. Several limitations have been mentioned by the
research groups such as sampling plan focused in urban areas, rural
communities should be included; analysis method, a reference method
and reference standard could improve the limits of quantification for
target compounds in pooled wastewater, and the sociodemographic
characterization of the samples is important to estimate the rates of
common health and lifestyle-related substances. Finally, the presence of
chemicals in wastewater deposited in the effluents, end up in the envi-
ronment, disturbing wildlife with changes in animal behavior. Highly
prescribed antidepressant drugs during the pandemic have relevant ef-
fects in aquatic organisms with the exposition to serotonin modulators
causing changes in the survival behavior against predators.

Conflict of interest

The authors declare no conflict of interest.

Declaration of competing interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.

Acknowledgements

This work was partially supported by the Consejo Nacional de Ciencia
y Tecnologia (CONACYT) and Tecnologico de Monterrey through the
scholarship awarded to the second author (Mildred G. Jiménez-Rodri-
guez, CVU: 1078785). The authors appreciate the support of their insti-
tution for gaining access to literature services.

References

[1] M.S. Reddy, Depression: the disorder and the burden, Indian J. Psychol. Med. 32 (1)
(2010) 1-2, https://doi.org/10.4103/0253-7176.70510.

[2] S.L.James, D. Abate, K.H. Abate, S.M. Abay, C. Abbafati, N. Abbasi, H. Abbastabar,
F. Abd-Allah, J. Abdela, A. Abdelalim, 1. Abdollahpour, Global, regional, and
national incidence, prevalence, and years lived with disability for 354 diseases and
injuries for 195 countries and territories, 1990-2017: a systematic analysis for the
Global Burden of Disease Study 2017, Lancet 392 (10159) (2018) 1789-1858,
https://doi.org/10.1016/50140-6736(18)32279-7.

[3] D. Chisholm, K. Sweeny, P. Sheehan, B. Rasmussen, F. Smit, P. Cuijpers, S. Saxena,
Scaling-up treatment of depression and anxiety: a global return on investment
analysis, The Lancet Psychiatry 3 (5) (2016) 415-424, https://doi.org/10.1016/
§2215-0366(16)30024-4.

[4] T. Boogaerts, M. Degreef, A. Covaci, A.L. van Nuijs, Development and validation of
an analytical procedure to detect spatio-temporal differences in antidepressant use
through a wastewater-based approach, Talanta 200 (2019) 340-349, https://
doi.org/10.1016/j.talanta.2019.03.052.

[5] K. Grabicova, R.H. Lindberg, M. Ostman, R. Grabic, T. Randak, D.J. Larsson, J. Fick,
Tissue-specific bioconcentration of antidepressants in fish exposed to effluent from
a municipal sewage treatment plant, Sci. Total Environ. 488 (2014) 46-50, https://
doi.org/10.1016/j.scitotenv.2014.04.052.

[6] C.H.Liu, E. Zhang, G.T.F. Wong, S. Hyun, H. Hahm, ”. Chris, Factors associated with

depression, anxiety, and PTSD symptomatology during the COVID-19 pandemic:

clinical implications for U.S. young adult mental health, Psychiatr. Res. 290 (2020)

113172, https://doi.org/10.1016/j.psychres.2020.113172.

R. Stanton, Q.G. To, S. Khalesi, S.L. Williams, S.J. Alley, T.L. Thwaite, A.S. Fenning,

C. Vandelanotte, Depression, anxiety and stress during COVID-19: associations with

changes in physical activity, sleep, tobacco and alcohol use in Australian adults, Int.

J. Environ. Res. Publ. Health 17 (11) (2020) 4065, https://doi.org/10.3390/

ijerph17114065.

[8] L. Lei, X. Huang, S. Zhang, J. Yang, L. Yang, M. Xu, Comparison of prevalence and
associated factors of anxiety and depression among people affected by versus people
unaffected by quarantine during the COVID-19 epidemic in southwestern China,
Med. Sci. Mon. Int. Med. J. Exp. Clin. Res. 26 (2020), https://doi.org/10.12659/
MSM.9246009.

[9] E.P.H. Choi, B.P.H. Hui, E.Y.F. Wan, Depression and anxiety in Hong Kong during
COVID-19, Int. J. Environ. Res. Publ. Health 17 (10) (2020) 3740, https://doi.org/
10.3390/ijerph17103740.

[10] S. Pappa, V. Ntella, T. Giannakas, V.G. Giannakoulis, E. Papoutsi, P. Katsaounou,
Prevalence of depression, anxiety, and insomnia among healthcare workers during
the COVID-19 pandemic: a systematic review and meta-analysis, Brain Behav.
Immun. 88 (2020) 901-907, https://doi.org/10.1016/j.bbi.2020.05.026.

[7


https://doi.org/10.4103/0253-7176.70510
https://doi.org/10.1016/S0140-6736(18)32279-7
https://doi.org/10.1016/S2215-0366(16)30024-4
https://doi.org/10.1016/S2215-0366(16)30024-4
https://doi.org/10.1016/j.talanta.2019.03.052
https://doi.org/10.1016/j.talanta.2019.03.052
https://doi.org/10.1016/j.scitotenv.2014.04.052
https://doi.org/10.1016/j.scitotenv.2014.04.052
https://doi.org/10.1016/j.psychres.2020.113172
https://doi.org/10.3390/ijerph17114065
https://doi.org/10.3390/ijerph17114065
https://doi.org/10.12659/MSM.924609
https://doi.org/10.12659/MSM.924609
https://doi.org/10.3390/ijerph17103740
https://doi.org/10.3390/ijerph17103740
https://doi.org/10.1016/j.bbi.2020.05.026

E.M. Melchor-Martinez et al.

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

S. Ozdin, S. Bayrak Ozdin, Levels and predictors of anxiety, depression and health
anxiety during COVID-19 pandemic in Turkish society: the importance of gender,
Int. J. Soc. Psychiatr. 66 (5) (2020) 504-511, https://doi.org/10.1177/
0020764020927051.

J. Zhu, L. Sun, L. Zhang, H. Wang, A. Fan, B. Yang, W. Li, S. Xiao, Prevalence and
influencing factors of anxiety and depression symptoms in the first-line medical
staff fighting against COVID-19 in gansu, Front. Psychiatr. 11 (2020) 386, https://
doi.org/10.3389/fpsyt.2020.00386.

S.K. Brooks, R.K. Webster, L.E. Smith, L. Woodland, S. Wessely, N. Greenberg,
G.J. Rubin, The psychological impact of quarantine and how to reduce it: rapid
review of the evidence, Lancet 395 (10227) (2020) 912-920, https://doi.org/
10.1016/50140-6736(20)30460-8.

A. Lajeunesse, S.A. Smyth, K. Barclay, S. Sauvé, C. Gagnon, Distribution of
antidepressant residues in wastewater and biosolids following different treatment
processes by municipal wastewater treatment plants in Canada, Water Res. 46 (17)
(2012) 5600-5612, https://doi.org/10.1016/j.watres.2012.07.042.

S.E. Whitlock, M.G. Pereira, R.F. Shore, J. Lane, K.E. Arnold, Environmentally
relevant exposure to an antidepressant alters courtship behaviours in a songbird,
Chemosphere 211 (2018) 17-24, https://doi.org/10.1016/
j.chemosphere.2018.07.074.

T.G. Bean, A.B. Boxall, J. Lane, K.A. Herborn, S. Pietravalle, K.E. Arnold,
Behavioural and physiological responses of birds to environmentally relevant
concentrations of an antidepressant, Phil. Trans. Biol. Sci. 369 (1656) (2014)
20130575, https://doi.org/10.1098/rstb.2013.0575.

J. Gayle, Determination of Anxiolytic and Antidepressant Medicines in New York
City Wastewater Samples, student theses, CNYU Academic Works, 2019, https://ac
ademicworks.cuny.edu/jj_etds/107.

M. Wu, S. Liu, L. Hu, H. Qu, C. Pan, P. Lei, Y. Shen, M. Yang, Global transcriptomic
analysis of zebrafish in response to embryonic exposure to three antidepressants,
amitriptyline, fluoxetine and mianserin, Aquat. Toxicol. 192 (2017) 274-283,
https://doi.org/10.1016/j.aquatox.2017.09.027.

J.M. Martin, M. Saaristo, M.G. Bertram, P.J. Lewis, T.L. Coggan, B.O. Clarke,

B.B. Wong, The psychoactive pollutant fluoxetine compromises antipredator
behaviour in fish, Environ. Pollut. 222 (2017) 592-599, https://doi.org/10.1016/
j-aquatox.2017.09.027.

N. De Castro-Catala, I. Munoz, J.L. Riera, A.T. Ford, Evidence of low dose effects of
the antidepressant fluoxetine and the fungicide prochloraz on the behavior of the
keystone freshwater invertebrate Gammarus pulex, Environ. Pollut. 231 (2017)
406-414, https://doi.org/10.1016/j.envpol.2017.07.088.

D.R. Baker, L. Barron, B. Kasprzyk-Hordern, Illicit and pharmaceutical drug
consumption estimated via wastewater analysis. Part A: chemical analysis and drug
use estimates, Sci. Total Environ. 487 (2014) 629-641, https://doi.org/10.1016/
j.scitotenv.2013.11.107.

K.T. Ng, H. Rapp-Wright, M. Egli, A. Hartmann, J.C. Steele, J.E. Sosa-Hernandez,
R. Parra-Saldivar, High-Throughput Multi-Residue Quantification of Contaminants
of Emerging Concern in Wastewaters Enabled Using Direct Injection Liquid
Chromatography-Tandem Mass Spectrometry, J. Hazard Mater. (2020) 122933.

1. Krizman-Matasic, I. Senta, P. Kostanjevecki, M. Ahel, S. Terzic, Long-term
monitoring of drug consumption patterns in a large-sized European city using
wastewater-based epidemiology: comparison of two sampling schemes for the
assessment of multiannual trends, Sci. Total Environ. 647 (2019) 474-485, https://
doi.org/10.1016/j.scitotenv.2018.07.441.

E. Archer, E. Castrignano, B. Kasprzyk-Hordern, G.M. Wolfaardt, Wastewater-based
epidemiology and enantiomeric profiling for drugs of abuse in South African
wastewaters, Sci. Total Environ. 625 (2018) 792-800, https://doi.org/10.1016/
j.scitotenv.2017.12.269.

F. Sodré, R. Feitosa, W. Jardim, A. Maldaner, Wastewater-based epidemiology of
cocaine in the Brazilian federal district: spatial distribution, weekly variation and
sample preservation strategies, J. Braz. Chem. Soc. 29 (11) (2018) 2287-2298,
https://doi.org/10.21577/0103-5053.20180105.

J. Chen, A.K. Venkatesan, R.U. Halden, Alcohol and nicotine consumption trends in
three U.S. communities determined by wastewater-based epidemiology, Sci. Total
Environ. 656 (2019) 174-183, https://doi.org/10.1016/j.scitotenv.2018.11.350.
R.S. Mackie, B.J. Tscharke, J.W. O’Brien, P.M. Choi, C.E. Gartner, K.V. Thomas,
J.F. Mueller, Trends in nicotine consumption between 2010 and 2017 in an
Australian city using the wastewater-based epidemiology approach, Environ. Int.
125 (2019) 184-190, https://doi.org/10.1016/j.envint.2019.01.053.

N.I. Rousis, E. Gracia-Lor, E. Zuccato, R. Bade, J.A. Baz-Lomba, E. Castrignano,

A. Causanilles, A. Covaci, P. de Voogt, F. Hernandez, B. Kasprzyk-Hordern,

J. Kinyua, A.-K. McCall, B. Gy Plész, P. Ramin, Y. Ryu, K.V. Thomas, A. van Nuijs,
Z. Yang, S. Castiglioni, Wastewater-based epidemiology to assess pan-European
pesticide exposure, Water Res. 121 (2017) 270-279, https://doi.org/10.1016/
j-watres.2017.05.044.

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]
[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

Case Studies in Chemical and Environmental Engineering 3 (2021) 100074

D.A. Devault, S. Karolak, Y. Lévi, N.I. Rousis, E. Zuccato, S. Castiglioni, Exposure of
an urban population to pesticides assessed by wastewater-based epidemiology in a
Caribbean island, Sci. Total Environ. 644 (2018) 129-136, https://doi.org/
10.1016/j.scitotenv.2018.06.250.

W. Ahmed, N. Angel, J. Edson, K. Bibby, A. Bivins, J.W. O’Brien, P.M. Choi,

M. Kitajima, S.L. Simpson, J. Li, B. Tscharke, R. Verhagen, W.J.M. Smith, J. Zaugg,
L. Dierens, P. Hugenholtz, K.V. Thomas, J.F. Mueller, First confirmed detection of
SARS-CoV-2 in untreated wastewater in Australia: a proof of concept for the
wastewater surveillance of COVID-19 in the community, Sci. Total Environ. 728
(2020) 138764, https://doi.org/10.1016/j.scitotenv.2020.138764.

W. Randazzo, P. Truchado, E. Cuevas-Ferrando, P. Simén, A. Allende, G. Sanchez,
SARS-CoV-2 RNA in wastewater anticipated COVID-19 occurrence in a low
prevalence area, Water Res. 181 (2020) 115942, https://doi.org/10.1016/
j-watres.2020.115942.

P. Sehonova, N. Hodkovicova, M. Urbanova, S. Orn, J. Blahova, Z. Svobodova,

G. Carlsson, Effects of antidepressants with different modes of action on early life
stages of fish and amphibians, Environ. Pollut. 254 (2019) 112999, https://doi.org/
10.1016/j.envpol.2019.112999.

L.I. Sinclair, D.M. Christmas, S.D. Hood, J.P. Potokar, A. Robertson, A. Isaac,

S.J. Davies, Antidepressant-induced jitteriness/anxiety syndrome: systematic
review, Br. J. Psychiatry 194 (6) (2009) 483-490, https://doi.org/10.1192/
bjp.bp.107.048371.

J.M. Martin, M. Saaristo, H. Tan, M.G. Bertram, V. Nagarajan-Radha, D.K. Dowling,
B.B. Wong, Field-realistic antidepressant exposure disrupts group foraging
dynamics in mosquitofish, Biol. Lett. 15 (11) (2019) 20190615, https://doi.org/
10.1098/rsbl.2019.0615.

N. Fontanals, E. Pocurull, F. Borrull, R.M. Marcé, Role of solid-phase extraction in
wastewater-based epidemiology, Current Opinion in Environmental Science &
Health 9 (2019) 26-33, https://doi.org/10.1016/j.coesh.2019.03.006.

A.L. Oenning, L. Birk, S. Eller, T.F. de Oliveira, J. Merib, E. Carasek, A green and
low-cost method employing switchable hydrophilicity solvent for the simultaneous
determination of antidepressants in human urine by gas chromatography-mass
spectrometry detection, J. Chromatogr. B (2020), https://doi.org/10.1016/
j.jchromb.2020.122069, 122069.

R. Kong, LC/MS application in high-throughput ADME screen, in: Separation
Science and Technology, vol. 6, Academic Press, 2005, pp. 413-446.

C.F. Poole, Principles and practice of solid-phase extraction, Compr. Anal. Chem. 37
(2002) 341-387, https://doi.org/10.1016/50166-526X(02)80049-6. Elsevier.

L.A. Berrueta, B. Gallo, F. Vicente, A review of solid phase extraction: basic
principles and new developments, Chromatographia 40 (7-8) (1995) 474-483,
https://doi.org/10.1007/BF02269916.

A.R. Ribeiro, M. Pedrosa, N.F.F. Moreira, M.F.R. Pereira, A.M.T. Silva,
Environmental friendly method for urban wastewater monitoring of
micropollutants defined in the Directive 2013/39/EU and Decision 2015/495/EU,
J. Chromatogr. A 1418 (2015) 140-149, https://doi.org/10.1016/
j.chroma.2015.09.057.

M. Behpour, S. Nojavan, S. Asadi, A. Shokri, Combination of gel-electromembrane
extraction with switchable hydrophilicity solvent-based homogeneous liquid-liquid
microextraction followed by gas chromatography for the extraction and
determination of antidepressants in human serum, breast milk and wastewater,

J. Chromatogr. A 1621 (2020) 461041, https://doi.org/10.1016/
j.chroma.2020.461041.

H. Tabani, S. Asadi, S. Nojavan, M. Parsa, Introduction of agarose gel as a green
membrane in electromembrane extraction: an efficient procedure for the extraction
of basic drugs with a wide range of polarities, J. Chromatogr. A 1497 (2017) 47-55,
https://doi.org/10.1016/j.chroma.2017.03.075.

D.R. Baker, B. Kasprzyk-Hordern, Critical evaluation of methodology commonly
used in sample collection, storage and preparation for the analysis of
pharmaceuticals and illicit drugs in surface water and wastewater by solid phase
extraction and liquid chromatography—mass spectrometry, J. Chromatogr. A 1218
(44) (2011) 8036-8059, https://doi.org/10.1016/j.chroma.2011.09.012.

0. Golovko, V. Kumar, G. Fedorova, T. Randak, R. Grabic, Seasonal changes in
antibiotics, antidepressants/psychiatric drugs, antihistamines and lipid regulators
in a wastewater treatment plant, Chemosphere 111 (2014) 418-426, https://
doi.org/10.1016/j.chemosphere.2014.03.132.

S. Wang, H.C. Green, M.L. Wilder, Q. Du, B.L. Kmush, M.B. Collins, T. Zeng, High-
throughput wastewater analysis for substance use assessment in central New York
during the COVID-19 pandemic, Environ. Sci.: Process. Impacts 22 (11) (2020)
2147-2161.

C. Castillo-Zacarias, M.E. Barocio, E. Hidalgo-Vazquez, J.E. Sosa-Hernandez,

L. Parra-Arroyo, LY. Lopez-Pacheco, R. Parra-Saldivar, Antidepressant drugs as
emerging contaminants: occurrence in urban and non-urban waters and analytical
methods for their detection, Sci. Total Environ. (2020), 143722.


https://doi.org/10.1177/0020764020927051
https://doi.org/10.1177/0020764020927051
https://doi.org/10.3389/fpsyt.2020.00386
https://doi.org/10.3389/fpsyt.2020.00386
https://doi.org/10.1016/S0140-6736(20)30460-8
https://doi.org/10.1016/S0140-6736(20)30460-8
https://doi.org/10.1016/j.watres.2012.07.042
https://doi.org/10.1016/j.chemosphere.2018.07.074
https://doi.org/10.1016/j.chemosphere.2018.07.074
https://doi.org/10.1098/rstb.2013.0575
https://academicworks.cuny.edu/jj_etds/107
https://academicworks.cuny.edu/jj_etds/107
https://doi.org/10.1016/j.aquatox.2017.09.027
https://doi.org/10.1016/j.aquatox.2017.09.027
https://doi.org/10.1016/j.aquatox.2017.09.027
https://doi.org/10.1016/j.envpol.2017.07.088
https://doi.org/10.1016/j.scitotenv.2013.11.107
https://doi.org/10.1016/j.scitotenv.2013.11.107
http://refhub.elsevier.com/S2666-0164(20)30072-4/sref22
http://refhub.elsevier.com/S2666-0164(20)30072-4/sref22
http://refhub.elsevier.com/S2666-0164(20)30072-4/sref22
http://refhub.elsevier.com/S2666-0164(20)30072-4/sref22
http://refhub.elsevier.com/S2666-0164(20)30072-4/sref22
https://doi.org/10.1016/j.scitotenv.2018.07.441
https://doi.org/10.1016/j.scitotenv.2018.07.441
https://doi.org/10.1016/j.scitotenv.2017.12.269
https://doi.org/10.1016/j.scitotenv.2017.12.269
https://doi.org/10.21577/0103-5053.20180105
https://doi.org/10.1016/j.scitotenv.2018.11.350
https://doi.org/10.1016/j.envint.2019.01.053
https://doi.org/10.1016/j.watres.2017.05.044
https://doi.org/10.1016/j.watres.2017.05.044
https://doi.org/10.1016/j.scitotenv.2018.06.250
https://doi.org/10.1016/j.scitotenv.2018.06.250
https://doi.org/10.1016/j.scitotenv.2020.138764
https://doi.org/10.1016/j.watres.2020.115942
https://doi.org/10.1016/j.watres.2020.115942
https://doi.org/10.1016/j.envpol.2019.112999
https://doi.org/10.1016/j.envpol.2019.112999
https://doi.org/10.1192/bjp.bp.107.048371
https://doi.org/10.1192/bjp.bp.107.048371
https://doi.org/10.1098/rsbl.2019.0615
https://doi.org/10.1098/rsbl.2019.0615
https://doi.org/10.1016/j.coesh.2019.03.006
https://doi.org/10.1016/j.jchromb.2020.122069
https://doi.org/10.1016/j.jchromb.2020.122069
http://refhub.elsevier.com/S2666-0164(20)30072-4/sref37
http://refhub.elsevier.com/S2666-0164(20)30072-4/sref37
http://refhub.elsevier.com/S2666-0164(20)30072-4/sref37
https://doi.org/10.1016/S0166-526X(02)80049-6
https://doi.org/10.1007/BF02269916
https://doi.org/10.1016/j.chroma.2015.09.057
https://doi.org/10.1016/j.chroma.2015.09.057
https://doi.org/10.1016/j.chroma.2020.461041
https://doi.org/10.1016/j.chroma.2020.461041
https://doi.org/10.1016/j.chroma.2017.03.075
https://doi.org/10.1016/j.chroma.2011.09.012
https://doi.org/10.1016/j.chemosphere.2014.03.132
https://doi.org/10.1016/j.chemosphere.2014.03.132
http://refhub.elsevier.com/S2666-0164(20)30072-4/sref45
http://refhub.elsevier.com/S2666-0164(20)30072-4/sref45
http://refhub.elsevier.com/S2666-0164(20)30072-4/sref45
http://refhub.elsevier.com/S2666-0164(20)30072-4/sref45
http://refhub.elsevier.com/S2666-0164(20)30072-4/sref45
http://refhub.elsevier.com/S2666-0164(20)30072-4/sref46
http://refhub.elsevier.com/S2666-0164(20)30072-4/sref46
http://refhub.elsevier.com/S2666-0164(20)30072-4/sref46
http://refhub.elsevier.com/S2666-0164(20)30072-4/sref46
http://refhub.elsevier.com/S2666-0164(20)30072-4/sref46
http://refhub.elsevier.com/S2666-0164(20)30072-4/sref46
http://refhub.elsevier.com/S2666-0164(20)30072-4/sref46

