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HIGHLIGHTS:

e 68 CECs were detected in the rivers of Panama considered

e A good correlation between anthropic sources and ecotoxicological and
chemical data was observed
e Zebrafish embryo bioassays combined with LC-HRMS is a robust approach

for the assessment of the ecotoxicological status of water bodies
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Abstract

Several studies show that many water bodies in developing countries are
increasingly affected by anthropogenic pressure, such as agricultural activities,
domestic and industrial wastewater. However, data is scarce in several of such
countries, including Panama. Thus, in this work, the ecotoxicological status of
selected rivers in Panama with distinct input sources were evaluated using the
zebrafish (Danio rerio) embryo bioassays combined with a liquid chromatography-
high resolution mass spectrometry screening of contaminants of emerging concern
(CECs), using a library of over 3200 chemicals. A total of 68 CECs, including
pharmaceuticals and metabolites, pesticides and several industrial chemicals, could
be tentatively identified. Additionally, the zebrafish embryo bioassays showed a
significant increase (p<0.05) in embryo mortality/abnormalities when incubated with
water samples from two rivers, Matasnillo and Curundd (47.5% and 32%,
respectively). Importantly, a positive correlation between ecotoxicological endpoints
and some of the detected CECs was observed. The findings demonstrate that both
rivers are under strong anthropogenic pressure, and therefore, management actions
are urgently needed to decrease their level of contamination. Overall, this study
further supports the use of the zebrafish embryo bioassay as a fast, high throughput
approach for screening the toxicity of water samples, and highlights the advantages
of combining ecotoxicological assays with high-resolution mass spectrometry to an

expedite assessment of the ecotoxicological status of water bodies.

Keywords: Emerging contaminants, Quadrupole-time-of flight mass spectrometry

(QTOF), screening, risk assessment, toxicity testing, Danio rerio.
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1. Introduction

Anthropogenic activities such as agricultural, industrial practices and domestic
effluents play an important role in the contamination of water bodies (Castro et al.,
2004; Solé et al., 2008). These practices generate pollution and have altered the
water cycle in many rivers, causing a global concern linked to their potential impact

on wildlife and human health (Capela et al., 2016; Richardson and Ternes, 2018).

Water bodies receive discharges of wastewater effluents that lead to the introduction
of trace levels of various organic pollutants such as pharmaceuticals, hormones,
personal care products, pesticides and disinfection byproducts, and many other
contaminants of emerging concern (CECs) which have now also become prominent
agents of research interest for environmental scientists (Rodil et al., 2012; Santos et
al., 2016; Wilkinson et al., 2017; Schulze et al., 2019). This is due in large part to the
revolutionary development of resources and technologies that have produced more
chemicals and compounds that can hold potential environmental risks (Castro and
Santos, 2014; Richardson and Kimura, 2016;). On the other hand, wastewater
treatment plants (WWTP) work well in removing certain classes of contaminants but
can be ineffective in removing some of the aforementioned pollutants and, therefore,
constitute important sources of contaminants in the aquatic environment (Rigobello

et al., 2013, Escada et al., 2018, 2019).

In Panama, due to the lack of planning, budgeting, and use of irresponsible

practices, some water reservoirs became seriously polluted and the available
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supplies of water, such as rivers, lakes, streams, and underground aquifers, continue
to be contaminated often causing a shortage of drinking water (Barranco, 2013).
Factors that generate water pollution include the discharge of industrial wastewater
and domestic sewage, agrochemicals, inefficient application of the specific norms
for residual water discharge, direct and indirect discharges of hydrocarbons by ships
that use the Panama Canal, sedimentation accumulation, poor promotion of pollution
prevention and lack of environmental education, and scarce data on water quality
especially in rural areas (Vega, 2012).This is more evident in the Rivers of the

metropolitan area such as Curundu, Matias Hernandez, Juan Diaz or Matasnillo.

Due to the increasing detection of several pollutants in water bodies in recent
decades, either due to increased use or advances in analytical methods, it is virtually
impossible to measure all potential chemicals. In this context, liquid chromatography
combined to high-resolution mass spectrometry (LC-HRMS) screening methods
have already been shown to play a relevant role in detecting as much chemicals as
possible with little or no aprioristic selection (Montes et al., 2018; Gago-Ferrero et
al., 2015; Hernandez et al., 2012). Furthermore, an increasing number of studies
has been focusing on the environmental fate and impact in non-target organisms
(Brausch and Rand, 2011, Coimbra et al., 2015, Neuparth et al., 2014, Wilkinson et
al., 2017). CECs are not commonly monitored, particularly in developing countries,
despite having the potential of entering the environment and causing adverse
ecological and/or human health effects (Silva and Collins, 2011; Rodil et al., 2012;
Masia et al., 2015; Wilkinson et al., 2017; Richardson and Ternes, 2018). Hence, the

use of ecotoxicological assays as an additional tool in the determination of water
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quality has been implemented in several regions. The use of embryo bioassays as
a prioritizing tool for screening the toxicity of water courses, enables the acquisition
of relevant ecotoxicological information with limited resources in a short time-frame,
replacing the use of adult/juvenile animals, providing ecologically relevant
information (Capela et al., 2020a). Among the standardized embryo bioassays, a
recent high-throughput approach involves the use of zebrafish (Danio rerio) embryos
in hazard and risk assessment. Zebrafish displays many features essential for a
model animal test such as the rapid external embryo development, larval
transparency, high genetic and physiological homology to mammals and easy
laboratory maintenance and manipulation (Scholz et al., 2008; Sipes et al., 2011;
Van den Bulck et al.,2011; Dai et al., 2014; Torres et al., 2016; Macedo et al., 2017,
Capela et al., 2020a, b). Thus, combining both zebrafish embryo bioassays with LC-
HRMS (suspect) screening is expected to provide a high-throughput approach for
the ecotoxicological status of freshwater bodies, without aprioristic constrains, which
is performed here as a proof of concept. Given the evidences of contamination of
several water courses in Panama, rivers with distinct input sources from its

metropolitan area were selected as a case study.

2. Materials and Methods

2.1 Site selection and sampling

The study area includes four river basins located on the Pacific watershed of
Panama, with different input sources (Figure 1). The sampling points were taken as
reference to the Environmental Impact Study category Ill of the Sanitation of the City

and Bay of Panama (Ministerio de Salud-MINSA Panama, 2009). For each river,
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three different sampling sites were selected: upper course (UC), middle course (MC)
and lower course (LC). The Tocumen and Tapia rivers have been reported to support
less input sources of effluents in comparison to the Matasnillo and Curundu rivers
(Ministerio de Salud-MINSA Panama, 2009). Water samples were collected in
January 2019 (summer); the samples of the Matasnillo river were collected on
1/15/2019, the Curundu river on 1/17/2019, Tocumen and Tapia river on 1/18/2019.
At each sampling site the coordinates were taken; the samples were collected in the
water column (half a meter deep) and stored in pre-sterilized NalgeneTM bottles.
Measurements of pH, dissolved oxygen and temperature were taken in the field with
the multiparameter meter HANNA-H1 9828. Each sample was collected and stored
into 500 mL bottles (for ecotoxicological assays at CIIMAR) and 250 mL (for
chemical determinations at the University of Santiago Compostela). After collection,
the samples were immediately refrigerated at 4 °C and preserved at -80 °C until

analysis.

The Matasnillo river basin is located towards the center of Panama City, the Pacific
slope, with a length of 7.45 km, with a latitude of 85°59'00"N79°31'00"W. Industries
that possibly contribute to the degree of contamination of this river include poultry
meat factories, dry food (flours, etc.), metal, and beer factories, among others. In
addition, this river also receives domestic effluents from the large urbanizations in
the vicinity (MINSA,2009). The Curundld river has 10.74 km of length,
85°58'00"N79°33'00"W. The quality is affected by the intense entry of domestic and
industrial discharges. The Tocumen river comprise 20.9 km of length;

9°0379°10"N79°22" 79°23"W. This river crosses lands of little human occupation at
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present until arriving at the urbanized area of Tocumen. It then runs parallel to the
Tocumen International Airport, crossing crop fields, to flow into the mangrove area
in Panama Bay. The Tapia river has 17.2 km of length, 9°03°9°08"N79°27"W. This
basin has an elongated shape, following Southwest direction, and then pouring its
waters into the Tocumen river, which flows into the Bay of Panama. The middle part
presents some discharges of industrial effluents of factories of oils, glass, dry food,
ice cream. In its lower part, it receives some domestic effluent discharges from the

urbanization near the river.

2.2 Zebrafish embryo bioassays

This work was carried out using the standardized zebrafish Embryo Acute Toxicity
(FET) Test- 236 of The Organization for Economic Co-operation and Development

(OECD) with modifications according to Espindola et al., (2019).

Newly fertilized zebrafish eggs were placed in 24-well plates (1 embryo per well) and
exposed to the water samples and controls for a period of 96-120 hours (hpf). The
24-wells plates were incubated at 26+1 °C during 120 hours under the same
photoperiod conditions as the zebrafish stock. A magnifying glass with (LEICA E24)
was used for observation and 1 fertilized egg (1-2 hpf) was placed in each well
previously filled with 2 mL of river water as presented in Figure S1, following the
OECD 236 protocol. For each river water sample, two independent replicate plates
with five replicates were set. Each replicate consists of four embryos. A total of 40
embryos per condition were analyzed. Water was changed daily. Every 24 hours up
to four apical observations were recorded as indicators of lethality and sublethality,

coagulation of fertilized eggs, lack of somite formation, lack of detachment of the tail-
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bud from the yolk sac and others. In addition to the apical endpoints, development

abnormalities were also recorded according to Torres et al., (2016).

Mortality was assessed by daily recordings during the entire exposure period and
coagulated eggs or death embryos were removed. The effects of the exposure were
evaluated at four time-points 48, 72, 96 and 120 h hpf. The observation periods were
selected based on a set of characteristics present in embryos at these stages of
development (Kimmel et al., 1995). The embryo development and abnormalities
were observed using an inverted microscope (Nikon Eclipse TS100) equipped with
a digital camera (Nikon D5-Fi2) and a microscope camera controller (Nikon's Digital
Sight DS-U3). Morphological abnormalities were rated as abnormalities in head,
eyes, tail, or yolk-sac, developmental delay, abnormal cells, pericardial edema,
opaque chorion, excess or lack of pigmentation, lateral position, reduced mobility,
and involuntary movements; then, the total abnormalities were expressed as the
percentage of embryos with one or more abnormalities in comparison to the control.

(Lammer et al., 2009; OECD, 2013; Torres et al., 2016).

2.3 Physico-chemical parameters and nutrients

The parameters temperature, oxygen and pH were measured in situ with a Hanna
HI 9828 (Woonsocket, RI, USA) multiparameter portable meter. A 30 mL aliquot was
used to photometrically (Palintest Photometer 7500, Gateshead, UK) measure
ammonium, phosphate, nitrate and nitrite, with the Palintest Photometer 7500,

according to the supplier instructions.

2.4 Chemical analysis
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2.4.1 Sample preparation

Water samples were shipped frozen to Santiago de Compostela, where they were
subjected to solid-phase extraction (SPE) within 48. Samples (200 mL) were filtered,
spiked with 18 different isotopically labelled chemicals, used as internal standards
(IS) and subject to SPE on Oasis HLB 200 mg (Waters, Milford, MA, USA) cartridges.
These were eluted with methanol, which was evaporated and made to a final volume
of 0.5 mL. These samples were then analyzed on an LC-quadrupole-time-of-flight-
HRMS Agilent system in both data-dependent and data-independent acquisition
modes (DDA and DIA). Chemicals which were tentatively identified were integrated
and normalized to an IS, in order to account for matrix effects. Procedural blanks

were run with the samples and chemicals detected in the blanks were excluded.

Further details on sample preparation and analysis are provided in the Supporting

Information (Text S1).

2.5 Statistical analysis

Data were analyzed using SPSS version 21.0 software. All data were tested for
homogeneity and normality using Levene’s and Kolmogorov-Smirnov test. For the
zebrafish bioassay, given that these assumptions were not met, differences between
treatments were tested for significance by means of non-parametric Kruskal-Wallis
test followed by Binomial test for multiple comparison adjusted with Bonferroni
correction between groups that compare the control groups and each of the

treatment groups (Bellas et al., 2005). The adjusted-p-values were considered for
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multiple comparisons. To fulfill assumption of independence of data, the results were

analyzed at 96 hpf.

Principal components analysis (PCA) was performed using The Unscrambler
version 11.0 (CAMO Software AS, Oslo, Norway) by using the chemical normalized
response of the analytes that could be detected in all samples together with the 96-
hpf mortality and the total abnormalities ecotoxicological endpoints. Variables were

centered and autoscaled in all cases.

3. Results and Discussion

3.1 Physico-chemical parameters and nutrients

Since no parametric values for physico-chemical parameters and nutrients are
available in the Panama regulation, we used here for a comparison purpose the
criteria established in the European Water Framework Directive (WFD, 2000) for a
good ecological status (Martinez-Haro et al., 2015). Given the differences in the
rivers between Panama and Europe, caution should be taken in the interpretation of
the results. All rivers analyzed in this study, show the nitrates and nitrites values
within acceptable concentration considering the standards of the WFD in
accordance with the classification criteria for the establishment of the good
ecological status in rivers Directive 2000/60/EC (Table 1). In contrast, phosphates
exceeded the WFD parametric values in all samples, being particularly high in MC
and LC. Similarly, ammonia was also above the WFD threshold in MC and LC
samples in the four rivers, being particularly high in the Matasnillo and Curundu

rivers, which are those receiving a higher anthropic pressure. High levels of
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ammonia have been reported to be toxic to fish, and an increase in the rate of
zebrafish embryo abnormalities was observed when incubated with surface water
with high ammonia loads (Chen et al., 2015). Additionally, the oxygen concentration,
showed similar values between the middle and lower course. All rivers presented
temperature and pH values within the established range according to its

hydrogeographic components of the region.

3.2 Contaminants of emerging concern

Sixty-eight different compounds were tentatively identified (identification level 2a,
according to Shymanski et al., 2014) in total, as summarized in Table 2, many of
which are related to urban wastewater discharges, but also to agricultural practices
to a minor extent. Of the detected CECs, 43% are pharmaceutical products, 16%
pesticides, 10% metabolites of pharmaceuticals or drugs of abuse, 9% plasticizers
and 22% correspond to other diverse groups of chemicals. Furthermore, 25
compounds could be detected in all samples (Table 2), among which
pharmaceuticals, pesticides and plasticizers represented ca. 24% each, 16%
metabolites and 12% the remaining groups. Additionally, 10 compounds
(amantadine, atenolol, betaxolol, dexpanthenol, gabapentin, irbesartan, salicylic
acid, sucralose, thymotic acid and triamterene) were detected in 11 out of the 12
samples. A recent review (Pefia-Guzman et al., 2019) highlighted the limited number
of studies on CECs in Latin America, where also most of the research was performed
on Mexico, Brazil and Colombia, while in Central America, besides Mexico, some

research was performed in Costa Rica and Guatemala. Furthermore, those
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publications have been performed with targeted methods, so that many of the here

reported chemicals were not investigated.

Considering sample location, no clear differences can be depicted from the number
of the detections, since the detection rate ranged from 58 in Matasnillo river to 66

compounds in Tapia river (Figure 2a).

As explained in 2.4 and Text S1, the areas of the chemicals detected were then
integrated and normalized by the area of an IS, as compiled in Table S2. This relative
signal does not account for concentrations, but provides normalized data that
corrects for variability among different sample matrixes due to the well-known
susceptibility of LC-MS to matrix effects (Reemtsma and Quintana, 2006). However,
it can be used as a proxy of particular interest when looking at the differences
between samples for the same chemical. Figure 2b, where the sum of such (log-
scaled) normalized areas is displayed. Although there is a large uncertainty here due
to the different responses of different chemicals and SPE extraction efficiency
(Montes et al., 2017), still higher response is normally obtained for several chemicals
(see Table S3), and hence it can provide a qualitative idea of which samples have
higher cumulative concentrations of CECs. Furthermore, for those seven chemicals
whose labelled IS were available, estimated concentrations (ng L) were calculated
from a calibration curve and presented in Table S3. It must be noted that those
concentrations are only an approximation, since the IS is expected to correct for SPE
and instrumental variations, but a validation of the method would be required. As it
can be observed, the MC of the Matasnillo river would correspond to the most

polluted sample in terms of estimated CECs concentrations. This agrees with the
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mortality observed in the zebrafish bioassay (see Figure 3). Moreover, several of the
compounds found in that sample showed the higher values of predicted toxicity for
fishes (see Table 2), such as fipronil (ECso: 1.96E-08 mol L), tetramethrin (ECso:
2.20E-07 mol L) and 8-hydroxyefavirenz (ECso: 2.75E-07 mol L1). The Curundu
river is then the second river with higher cumulative estimated concentration of
organic micropollutants, the signal of the compounds found in the UC being slightly
higher than the LC. Yet, there is a significant difference between the toxicities of
detected compounds in the UC and LC of the Curundu river. Actually, some
compounds with high toxicity values (e.g. mycophenolic acid (ECso: 7.01E-07 mol L-
1), losartan (ECso: 5.53E-07 mol L1) or ibersartan (ECso: 7.35E-07 mol L) were not
found in the UC, while fipronil (the compound predicted to be more toxic) was
detected with higher normalized signals in the LC (Table S2). In general, lower
cumulative normalized signals were obtained along the courses of Tocumen and

Tapia rivers.

3.3 Zebrafish embryo bioassay

The water samples from the middle course of the Matasnillo river lead to a significant
(p<0.05) increase in the mortality rate of zebrafish embryos, i.e.,47.5% at 96 hpf. in

comparison with the control treatment (Figure 3a).

In addition to the lethal effects observed, sublethal effects were also recorded in the
embryonic development. Figure S2 displays different abnormalities observed in

embryos tested with samples from all rivers. In the Matasnillo river, 24% of total
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abnormalities was observed, i.e, mostly scoliosis (6.5%) and yolk-sac
enlarged/malformed (6.5%), particularly in the middle and low course. The
abnormality rates were significantly elevated for the lower course of the river in

comparison to control and to the upper course (p<0.05) (see Figure 3b).

In the Curundu river, a significant increase (p<0.05) in the mortality rate at 96 hpf
was observed between the lower course of the river (32.5% mortality) and control.;
In contrast, 5% mortality was recorded in the middle course at 96 hpf and 10% in the
upper course. Morphological abnormalities were also observed in the embryos
exposed to the water from the Curundu river, i.e, 38% for the lower course, including
abnormalities such as pericardial edema (the most frequent) in the lower course
(12.5%) and yolk-sac enlarged/deformed (4%) Fig.3d. Total abnormalities in D.rerio
embryos exposed to water samples of Curundu river differed significantly (p<0.01)

between groups at 96 hpf: LC-UC and LC -control.

In the Tocumen river the highest mortality rate observed at 96 hpf was 17.5% in
embryos incubated with water samples from the lower course of the river. This
mortality rate did not differ significantly from the control treatment (p=0.249) (see
Figure 3e). Morphological abnormalities were also observed in the embryos exposed
to waters of this river (Figure 3f), which present a 20% of total abnormalities in the
middle course, i.e., yolk-sac enlarged/malformed with 6% (the most frequent
abnormality); followed by head deformed with 4%; this river also presented
abnormalities of tail deformed with 4% and 2% in the middle and lower course,
respectively. However total abnormalities in D. rerio embryos exposed to water

samples of Tocumen river did not differed significantly from control (p>0.362).
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Embryos incubated with water samples from the Tapia river showed low rates of
mortality (<10%) at all locations and time-point observations (see Figure 3g).
Although the lethal effects were lower compared to the other analyzed rivers, there
were also cases of abnormalities with a 11% in embryos exposed to water samples
of the Tapia river from the MC. The mortality rate and total abnormalities did not

differ significantly from the control group (p=0.539 and p=0.562, respectively).

3.4 Integrated analysis of ecotoxicological and chemical data

To evaluate the differences between the rivers and courses, a principal component
analysis (PCA) was applied with the normalized areas of those chemicals detected
in all samples as well as 96-hpf mortality and total abnormalities as described in 2.5,
Principal Components 1 (PC-1) and 2 (PC-2) explain a 61% of the total variance, as

presented in the scores plot (Figure 4).

These scores plot shows also that there are no differences between the UC, MC and
LC of the Tocumen and Tapia rivers. In contrast, the Matasnillo and Curundu
samples clearly differ. In fact, the sample with lower values of PC-1 is the MC
Matasnillo sample, followed by the LC Curundl. Again, these two samples
correspond to those showing the higher mortality in the D. rerio bioassay and among
those with higher cumulative concentrations, particularly of those chemicals
expected to be more toxic. In fact, mortality is one of the variables with higher
negative PC-1 loading, together with some pesticides such as terbuthazine, fipronil,

terbutryn or DEET and other compounds such as paraxanthine (a metabolite of
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caffeine and tracer of sewage anthropogenic pollution) among others (Table S4). A
Spearman’s rank correlation analysis was also performed between the chemicals
detected in all samples and 96-hpf mortality and total abnormalities. Significant
correlations (p-value<0.05) were found between mortality and the pesticides
carbendazim and terbuthylazine (p-values: 0.0191 and 0.0110, rs: 0.7068 and
0.7668, respectively); and between total abnormalities and benzoylecgonine (the
main metabolite of cocaine), paraxanthine (metabolite of caffeine) and umbelliferone
(p-values: 0.0355, 0.0262 and 0.0201, rs: 0.6338, 0.6702 and 0.7010, respectively).
Figure S3 shows the scatter plots for those variables. All these chemicals do also
have negative loading values in PC-1 (Table S4), as mortality and abnormalities. In
vivo assays with zebrafish embryos exposed to some of the aforementioned
chemicals, such as fipronil, tetramethrin, mycophenolic, terbuthylazine,
carbendazim, benzoylecgonine, reported a negative impact in the development
and/or changes at biochemical and behavior level (Plhalova et al., 2012; Chen et al.,
2015; Andrade et al., 2016; Jiang at al., 2016; Mendis et al., 2018; Parolini et al.,

2018; Park et al., 2020).

4. Final considerations

In the present work, four rivers from the Panama province, with different levels of
anthropic pressure, were selected as a case study. The results obtained here, using
a combination of high throughput embryo bioassays with D. rerio and a LC-HRMS
screening with a library of over 3200 chemicals, confirms that the water samples
from Matasnillo and Curundl rivers, located in the close vicinity of dense

urbanization and industrial areas, show a high degree of toxicity and chemical
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contamination in contrast with the Tocumen and Tapia rivers. Further, the
experimental approach was sensitive to discriminate the courses of the rivers under
stronger anthropic pressure. Despite the screening of over 3200 chemicals, we
cannot exclude the possibility that chemicals not included in the library could also
contribute to the ecotoxicological outcomes. However, considering the main aim of
the framework explored here, this is not an important shortcoming, as the aim of this
work was to demonstrate the potential of the combined high-throughput approach to
quickly identify water courses that could be under high chemical stress. Those
locations identified in the screening could then go through a more detailed
investigation to establish the sources of the stressors and implement mitigation and

management actions.

Overall, this study further supports the use of the zebrafish embryo bioassay as a
fast, high throughput approach for screening the toxicity of water samples, and
highlights the advantages of combining ecotoxicological assays with high-resolution
mass spectrometry to an expedite assessment of the ecotoxicological status of water

bodies.

Acknowledgments

This work was supported by the Portuguese Foundation for Science and Technology
(FCT) (PTDC|CTA-AMB|31554|2017; UIDB/04423/2020; UIDP/04423/2020), the
Spanish Agencia Estatal de Investigacion (ref. CTM2017-84763-C3-2-R), the

Galician Council of Culture, Education and Universities (ref. ED431C2017/36 and



382

383

384

385

386

387

388

389

390

391

392

393

394

395

396

397

398

399

400

401

Verodnica Castro predoctoral contract, ref. ED481A-2017/156), co-funded by the
European Regional Development Fund (ERDF/FEDER). Thanks to Oscar Lépez,
Alonso Santos, Santiago Borbua, Carol Gantes, for the help given during the field
trip and for the supply of the equipment used in the field; In addition to the Promega
Institute of the University of Panama, Engineer Miguel Espinosa and Mr. Mauricio,

for the help to transport field trips.

CRediT authorship contribution statement

Estibali Wilkie Wilson: Investigation, Resources, Formal analysis, Writing - Original

Draft, Writing - Review & Editing, Visualization

Verdnica Castro: Investigation, Methodology, Formal analysis, Writing - Review &

Editing, Visualization

Raquel Chaves: Methodology, Resources, Writing - Review & Editing, Visualization

Miguel Espinosa: Methodology, Resources, Writing - Review & Editing,

Visualization

Rosario Rodil: Methodology, Resources, Writing - Review & Editing, Supervision,

Funding acquisition.

José Benito Quintana: Conceptualization, Methodology, Formal analysis,
Resources, Writing - Review & Editing, Supervision, Visualization, Funding

acquisition



402

403

404

405

406

407

408

409

410

411

412

413

414

415

416

417

418

419

420

421

Maria da Natividade Vieira: Conceptualization, Methodology, Formal analysis,

Writing - Review & Editing, Supervision, Visualization

Miguel M. Santos: Conceptualization, Methodology, Formal analysis, Resources,
Writing - Original Draft, Writing - Review & Editing, Supervision, Visualization,

Funding acquisition

Supporting information: SI-1 (Supporting Information texts and Figures S1, S2

and S3), SI-2 (Excel, Tables S1, S2, S3 and S4)

References

Analisis de Situacion de Salud Panama. 2008. Ministerio de salud de Panama, 670

Gobierno de la Republica de Panama.

http://www.minsa.gob.pa/sites/default/files/publicaciones/asis_2018.

Andrade, T.S., Henriques, J.F., Almeida, A.R., Machado, A.L., Koba, O., Giang, P.T.,
Soares, A.M.V.M., Domingues, |., 2016. Carbendazim exposure induces

developmental, biochemical and behavioural disturbance in zebrafish embryos.

Aquat. Toxicol. 170, 390-399.

Barranco, N., 2013. Restriccion del Rio Caimito para uso recreativo, segun el indice

de calidad de agua 2004. Laboratorio de Analisis Industrial y Ciencias Ambientales,



422

423

424

425

426

427

428

429

430

431

432

433

434

435

436

437

438

439

440

441

442

443

Centro Experimental de Ingenieria, Universidad Tecnologica de Panama.

https://revistas.utp.ac.pa/index.php/id-tecnologico/issue/view/14.

Bellas, J., Beiras, R., Marifio-Balsa, J., Fernandez, N., 2005. Toxicity of organic
compounds to marine invertebrate embryos and larvae: a comparison between the
sea urchin embryogenesis bioassay and alternative test species. Ecotoxicology 14,

337 — 353.

Brausch, J. M.; Rand, G. M., 2011. A review of personal care products in the aquatic
684 environment: Environmental concentrations and toxicity. Chemosphere 82,

1518-685 1532.

Capela, R., Raimundo, J., Santos, M.M., Caetano, M., Micaelo, C., et al., 2016. The
use of biomarkers as integrative tools for transitional water bodies monitoring in the
water framework directive context — a holistic approach in Minho river transitional

waters. Sci. Total Environ. 539, 85-96.

Capela, R., Garric, J., Castro, L.F.C., Santos, M.M., 2020a. Embryo bioassays with
aguatic animals for toxicity testing and hazard assessment of emerging pollutants: a

review, Sci. Total Environ. 705, 135740.

Capela, R., Garric, J., Castro, L.F.C., Santos, M.M., 2020b. Data collection on the
use of embryo bioassays with aquatic animals for toxicity testing and hazard

assessment of emerging pollutants. Data in Brief 29, 105220.

Castro, L.F.C., Santos, M.M., 2014. To bind or not to bind: the taxonomic scope of
nuclear receptor mediated endocrine disruption in invertebrate phyla. Environ.

Sci.Technol. 48, 5361-5363.



444

445

446

447

448

449

450

451

452

453

454

455

456

457

458

459

460

461

462

463

464

465

Castro, M., Santos, M.M., Monteiro, N.M., Vieira, N., 2004. Measuring lysosomal
stability as an effective tool for marine coastal environmental monitoring. Mar.

Environ. Res. 58, 741-745.

Chen, T.H., Chen, Y.L.,, Chen, C.Y., Liu, P.J., Cheng, J.O., Ko, F.C., 2015.
Assessment of ichthyotoxicity and anthropogenic contamination in the surface

waters of Kenting National Park, Taiwan. Environ. Monit. Assess. 187(5), 265.

Coimbra, A.M., Peixoto, M.J., Coelho, I., Lacerda, R., Carvalho, A.P., Gesto, M.,
Lyssimachou, A., Lima, D., Soares, J., André, A., Capitdo, A., Castro, L.F.C., Santos,
M.M., 2015. Chronic effects of clofibric acid in zebrafish (Danio rerio): a multi-

generational study. Aquat. Toxicol. 160, 76—86.

Dai, Y.J., Jia, Y.F., Chen, N., Bian, W.P., Li, Q.K., Ma, Y.B., Chen, Y.L., Pei, D.S,,
2014. Zebrafish as a model system to study toxicology. Environ. Toxicol. Chem.

33,1.

Escapa, C.; Torres, T.; Neuparth, T.; Coimbra, R.N.; Garcia, A.l.; Santos, M.M,;
Otero, M., 2018. Zebrafish embryo bioassays for a comprehensive evaluation of
microalgae efficiency in the removal of diclofenac from water. Sci. Total Environ.

640,1024-1033.

Escapa, C., Coimbra, R.N., Neuparth, T., Torres, T., Santos, M.M., Otero, M., 2019.
Acetaminophen removal from water by microalgae and effluent toxicity assessment

by the zebrafish embryo bioassay. Water 11(9),1929.

Espindola, J.C., Cristovao, R.O., Araujo, S.R.F., Neuparth, T., Santos, M.M.,

Montes, R., Quintana, J.B., Rodil, R., Boaventura, R.A.R., Vilar, V.J.P., 2019. An



466

467

468

469

470

471

472

473

474

475

476

477

478

479

480

481

482

483

484

485

innovative photoreactor, FluHelik, to promote UVC/H202 photochemical reactions:

Tertiary treatment of an urban wastewater. Sci. Total Environ. 667,197-207.

Europa Community strategy for endocrine disrupters, last updated. 2006.
(summaries of legislation) European Communities.

https://ec.europa.eu/environment/chemicals/endocrine/documents/index_en.htm.

Gago-Ferrero, P. Schymansk, E. L., Bletsou, A.A., Alizadeh, R., Hollender, J.,
Thomaidis, N.S., 2015. Extended Suspect and Non-Target Strategies to
Characterize Emerging Polar Organic Contaminants in Raw Wastewater with LC-

HRMS/MS, Environ. Sci. Technol. 49, 12333-12341.

Hernandez, F., Sancho, J.V., Ibafez, M., Portolés, T., Mattioli, L., 2012. Current use
of high-resolution mass spectrometry in the environmental sciences. Anal. Bioanal.

Chem. 403, 1251-1264.

Jiang, L.L., Liu, M.H., Li, J.Y., He, Z.H., Li, H., Shen, N., Wei, P., He, M.F., 2016.
Mycophenolic Acid-Induced Developmental Defects in Zebrafish Embryos. Int. J.

Toxicol. 35(6), 712-718.

Kimmel, C., Ballard, W., Kimmel, S., Ullmann, B., Schilling, T., 1995. Stages of

embryonic development of zebrafish. Dev. Dyn. 203, 253-310.

Lammer, E., Carr, G.J., Wendler, K., Rawlings, J.M., Belanger, S.E., Braunbeck, T.,
20009. Is the fish embryo toxicity test (FET) with the zebrafish (Danio rerio) a potential

alternative for the fish acute toxicity test? Comp. Biochm. Phys. C 149, 196-209.



486

487

488

489

490

491

492

493

494

495

496

497

498

499

500

501

502

503

504

505

506

507

Macedo, S., Torres, T., Santos, M.M., 2017. Methyl-triclosan and triclosan impact
embryonic development of Danio rerio and Paracentrotus lividus. Ecotoxicology 26,

482-489.

Martinez-Haro, M., Beiras, R., Bellas, J., Capela, R., Coelho, J.P., Lopes, I., Moreira-
Santos, M., Reis-Henriques, A.M., Ribeiro, R., Santos, M.M., Marques, J.C., 2015.
A review on the ecological quality status assessment in aquatic systems using
community-based indicators and ecotoxicological tools: what might be the added

value of their combination? Ecol. Indic. 48, 8-16.

Masi4, A., Campo, J., Navarro-Ortega, A., Barcelo, D., Pico, Y., 2015. Pesticide
monitoring in the basin of Llobregat River (Catalonia, Spain) and comparison with

historical data. Sci. Total Environ. 503, 58— 68.

Mendis, J.C., Tennakoon, T.K., Jayasinghe, C.D.J., 2018. Zebrafish Embryo Toxicity

of a Binary Mixture of Pyrethroid Insecticides: d-Tetramethrin and Cyphenothrin.

Toxicol. 26, 4182694.

Ministerio de Ambiente. 2009. Informe del Estado del Ambiente, Panama Informe
de Monitoreo de la Calidad del Agua en las Cuencas Hidrogréficas de Panama

Compendio de Resultados Afios 2002 — 2008.

Ministerio de Salud-MINSA Panamé, 2005-2009. Environmental Impact Study

category Il of the Sanitation of the City and Bay of Panama.

Montes, M., J. Aguirre, X. Vidal, R. Rodil, R. Cela, J.B. Quintana, 2017. Screening
for Polar Chemicals in Water by Trifunctional Mixed-Mode Liquid Chromatography—

High Resolution Mass Spectrometry. Environ. Sci. Technol. 51, 6250-6259.



508

509

510

511

512

513

514

515

516

517

518

519

520

521

522

523

524

525

526

527

528

529

Neuparth, T., Martins, C., de los Santos, C.B., Costa, M.H., Martins, I., Costa, P.M.,
Santos, M.M., 2014. Hypocholesterolaemic pharmaceutical simvastatin disrupts
reproduction and population growth of the amphipod Gammarus locusta at the ng/L

range. Aquat. Toxicol. 155, 337-347.

Organisation of economic co-operation and development. 2013. Test No. 236: Fish

Embryo Acute Toxicity (FET) Test. OECD Publishing, Paris.

Park, H., Lee, J.Y., Park, S., Song, G., Lim, W., 2020. Developmental toxicity of
fipronil in early development of zebrafish (Danio rerio) larvae: Disrupted vascular
formation with angiogenic failure and inhibited neurogenesis. J. Hazard. Mater. 385,

121531.

Parolini, M., Bini, L., Magni, S., Rizzo, A., Ghilardi, A., Landi, C., Armini, A., Del
Giacco, L., Binelli, A., 2018. Exposure to cocaine and its main metabolites altered

the protein profile of zebrafish embryos. Environ Pollut. 232, 603-614.

Pefia-Guzman, C. Ulloa-Sanchez, S, Mora, K., Helena-Bustos, R., Lopez-Barrera,
E, Alvarez, J, Rodriguez-Pinzon, M., 2019. Emerging pollutants in the urban water
cycle in Latin America: A review of the current literature. J. Environ. Manage. 273,

408-423.

Plhalova, L., Stepanova, S., Blahova, J., Praskova, E., Hostovsky, M., Skoric, M.,
Zelnickova, L., Svobodova, Z., Bedanova, |., 2012. The effects of subchronic

exposure to terbuthylazine on zebrafish. Neuro Endocrinol. Lett., 33 (S3),113-9.

Reemtsma, T., Quintana, J.B,, 2006. Analytical methods for polar pollutants. In:

Reemtsma, T., Jekel, M. (Eds.). Organic Pollutants in the Water Cycle: Properties,



530

531

532

533

534

535

536

537

538

539

540

541

542

543

544

545

546

547

548

549

550

Occurrence, Analysis and Environmental Relevance of Polar Compounds. Wiley

VCH, Wienheim (Germany).

Richardson, S.D., Ternes, T.A., 2018. Water analysis: emerging contaminants and

current issues. Anal. Chem. 90, 398-428.

Richardson, S.D.; Kimura, SY., 2016. Water Analysis: Emerging Contaminants and

Current Issues. Anal. Chem. 88, 546-582.

Rigobello, E.S., Dantas, A.D.B., Di Bernardo, L., Vieira, E.M., 2013. Removal of
diclofenac by conventional drinking water treatment processes and granular

activated carbonfiltration. Chemosphere 92,184-191.

Rodil, R., Quintana, J.B., Concha-Grafia, E., Lopez-Mahia, P., Muniategui-Lorenzo,
S., Prada-Rodriguez, D., 2012. Emerging pollutants in sewage, surface and drinking

water in Galicia (NW Spain). Chemosphere. 86, 1040-1049.

Santos, M.M., Ruivo, R., Lopes-Marques, M., Torres, T., de los Santos, C.B., Castro,
L.F.C., Neuparth, T., 2016. Statins: an undesirable class of aquatic contaminants?

Aquat. Toxicol. 174, 1-9.

Scholz, S., Fischer, S., Gundel, U., Kister, E., Luckenbach, T., Voelker, D.,
2008.The zebrafish embryo model in environmental risk assessment-applications

beyond acute toxicity testing. Environ. Sci. Pollut. Res. 15, 394-404.

Schulze, S., Zahn, D., Montes, R., Rodil, R., Quintana, J.B., Knepper, T.P.,
Reemtsma, T., Berger, U., 2019. Occurrence of emerging persistent and mobile

organic contaminants in European water samples. Water Res. 153, 80-90.



551

552

553

554

555

556

557

558

559

560

561

562

563

564

565

566

567

568

569

570

571

Schymanski, E. L., Jeon, J., Gulde, R., Fenner, K., Ruff, M., Singer, H. P., Hollender,
J., 2014. Identifying Small Molecules via High Resolution Mass Spectrometry:

Communicating Confidence Environ. Sci. Technol. 48 (4), 2097-2098.

Silva, C.G.A., Collins, C.H., 2011. Applications of high-performance liquid 864
chromatography for the study of emerging organic pollutants. Quim. Nova 34, 665-

676.

Sipes, N.S., Padilla, S., Knudsen, T.B., 2011. Zebrafish: as an integrative model for

twenty-first century toxicity testing. Birth Defects Res. C Embryo Today 93, 256—-267.

Solé, M., Lima, D., Reis-Henriques, M.A., Santos, M.M., 2008. Stress biomarkers in
juvenile Senegal sole, Solea senegalensis, exposed to the water-accommodated

fraction of the Prestige fuel oil. Bull. Environ. Contam. Toxicol. 80,19-23.

Torres,T ,Cunha,l, Martins,R, Santos,M., 2016. Screening the toxicity of selected
personal care products using embryo bioassays: 4-MBC, propylparaben and

triclocarban. Int. J. Mol. Sci. 17, 1762.

Van den Bulck, K., Hill, A., Mesens, N., Diekman, H., De Schaepdrijver, L.,
Lammens, L., 2011. Zebrafish developmental toxicity assay: a fishy solution to

reproductive toxicity screening, or just a red herring? Reprod. Toxicol. 32, 213-219.

Vega, V., 2012. Andlisis de la Gestion del Recurso Hidrico en Panamd@, Trabajo final
de master en Gestion Sostenible y Tecnologias de Agua Universidad de
Alicante.https://iuaca.ua.es/es/master-agua/documentos/-gestadm/trabajos-fin-de-

master/ttm06/tfm-valery-vega-cervera.pdf.



572

573

574

575

576

577

578

579

580

Wilkinson, J., Hooda, P.S., Barker, J., Barton, S., Swinden, J., 2017. Occurrence,
fate and transformation of emerging contaminants in water: An overarching review

of the field. Environ. Pollut. 231, 954-970.

Yang, L., Yan, K., Zeng, D., Lai, X., Chen, X., Fang, Q., Zhang, X., 2017. Association
of polycyclic aromatic hydrocarbons metabolites and risk of diabetes in coke oven

workers. Environ. Pollut. 223, 305-310.



Credit Author Statement

CRediT authorship contribution statement

Estibali Wilkie Wilson: Investigation, Resources, Formal analysis, Writing -

Original Draft, Writing - Review & Editing, Visualization

Verdnica Castro: Investigation, Methodology, Formal analysis, Writing - Review

& Editing, Visualization

Raquel Chaves: Methodology, Resources, Writing - Review & Editing,

Visualization

Miguel Espinosa: Methodology, Resources, Writing - Review & Editing,

Visualization

Rosario Rodil: Methodology, Resources, Writing - Review & Editing,

Supervision, Funding acquisition.

José Benito Quintana: Conceptualization, Methodology, Formal analysis,
Resources, Writing - Review & Editing, Supervision, Visualization, Funding

acquisition

Maria da Natividade Vieira: Conceptualization, Methodology, Formal analysis,

Writing - Review & Editing, Supervision, Visualization

Miguel M. Santos: Conceptualization, Methodology, Formal analysis,
Resources, Writing - Original Draft, Writing - Review & Editing, Supervision,
Visualization, Funding acquisition



Declaration of Interest Statement

Declaration of interests

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.

CThe authors declare the following financial interests/personal relationships which may be considered
as potential competing interests:




Figure captions

Figure Captions

Figure 1. Sampling sites in Panama rivers analyzed in this study; R1-Matasnillo
river; R2-Curundu river; R3-Tocumen river; R4-Tapia river. (1: high course, 2:

middle course, 3: lower course).

Figure 2. a) Number of CECs detected in the different courses of the four rivers.;
b) Cumulative normalized response (sum of IS-normalized responses) on the

different rivers and courses. N.B.: logarithmic scale.

Figure 3. Summary of zebrafish embryo bioassay results: 3a., 3c., 3e., 39 -
Mortality rate at the Matasnillo river-R1, Curundu river-R2, Tocumen river-R3 and
Tapia river-R4, respectively, using the D. rerio embryo bioassay. Fig.3b., 3d., 3f.,
3h. - Total abnormalities at the Matasnillo river-R1, Curundu river-R2, Tocumen
river-R3 and Tapia river-R4, respectively. yolk enlarged/deformed (1), Yolk
edema (2), Pericardial edema (3), Scoliosis (4), Non-development delay (5),
Deformed tail (6), Totals abnormalities (7). Data are expressed as mean + SD
(n=10). Non-parametric ANOVA Kruskall-Wallis, followed by Binonimal test for
multiple comparisons, adjusted with Bonferroni correction, performed on data at
96 hpf. (*)(**) indicates significant different from control at (p<0.05) and (p<0.01),
respectively. UC-upper course (green bar), MP-middle course (brown bar), LC-

lower course (orange bar), Control (gray bar).



Figure 4 — Principal components analysis scores plot for the two first principal

components. LC: low course; MC: middle course; HC: upper course.
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Table 1

Table 1. Measured parameters of the studied rivers. UC: upper course; MC: middle
course; LC: lower course. Bold: values above the WFD allowed limit.

Parameters Matasnillo river Curundu River Tocumen River Tapia River
uc MC LC uc MC LC UcC MC LC uc MC LC
NOz2 (mg/L) 0.03 0.017 059 |002 03 005|001 0.2 0.14|0.04 0.13 0.07
NOs (mg/L) 4.3 0.195 238 132 142 44 |34 23 204 |34 25 1.98
PO (mg/L) 0.43 275 275 | 083 232 275|026 131 18 |1.01 131 275
NHs (mg/L) 0 11 11 092 462 11 0.63 1.85 292|091 261 441
pH 741 6.74 696 |872 889 81 |751 765 779|764 752 7.72
T° (C°) 29.0 27.2 27.0 | 257 253 273|237 247 274|241 280 274
O2 (ppm) 472 3.67 295 | 484 482 479|491 593 56 |523 517 4.74
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Table 2. List of CECs identified by LC-HRM, including the detection method. detection frequency and predicted ecotoxicity.

Products Detection Predicted EC
Name CAS Main applications Polarity ~ Workflow  qualified in All ioht
lons Frequency (%) (mol L)

3.5-Diiodotyrosine 300-39-0 Natural product Positive All lons 2 50 4.56E-06
Pharmaceutical

4-Chlorosalicylic acid 5106-98-9 intermediate/several uses Negative All lons 2 33 2.82E-04

4-Nitrophenol 100-02-7 Several uses Negative  Auto MSMS - 100 2.07E-03

8-Chlorotheophylline 85-18-7 Pharmaceutical (antiemetic) Negative  Auto MSMS - 75 2.75E-07

8-Hydroxyefavirenz 205754-33-2  Metabolite of efavirenz Negative  Auto MSMS - 100 9.75E-05

8-Hydroxyquinoline 148-24-3 Natural product/several uses Positive All lons 2 75 5.93E-04

Acetaminophen 103-90-2 Pharmaceutical (analgesic) Positive Auto MSMS - 58 7.93E-04
Pharmaceutical

Acetanilide 103-84-4 (analgesic)/several uses Positive Auto MSMS - 42 2.85E-04
Pharmaceutical (Parkinson

Amantadine 768-94-5 treatment) Positive All lons 2 92 2.00E-04
Pharmaceutical (hyperthension

Amezinium 30578-37-1 treatment) Positive All lons 2 100 2.15E-04

Atenolol 29122-68-7 Pharmaceutical (betha-blocker) Positive Auto MSMS - 92 8.30E-05
Natural product / plasticizer

Azelaic acid 123-99-9 metabolite Positive Auto MSMS - 8 8.28E-06
Metabolite of cocaine (drug of

Benzoylecgonine 519-09-5 abuse) Positive Auto MSMS - 100 2.28E-06

Betaxolol 63659-18-7 Pharmaceutical (betha-blocker) Positive All lons 2 92 1.85E-06

Butylbenzylphthalate 85-68-7 Plasticizer Positive Auto MSMS - 100 2.59E-03

Caffeine 58-08-2 Stimulant Positive All lons 8 100 3.65E-06

Carbamazepine 298-46-4 Pharmaceutical (anticonvulsant) Positive All lons 2 58 5.96E-05

Carbendazim 10605-21-7 Funguicide Positive Auto MSMS - 100 0.00013 (1)

Clarithromycin 81103-11-9 Pharmaceutical (antibiotic) Positive All lons 6 50 2.04E-04

Crotetamide 6168-76-9 Pharmaceutical (analgesic) Positive All lons 100 1.22E-04

Positive/Ne
Dexpanthenol 81-13-0 Provitamin/pcp gative All lons 8 92 5.58E-03
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Products

. L . e Detection Predicted ECso
Name CAS Main applications Polarity Workflow qualniloer(]jsln All Frequency (%) (mol L) *

Diclofenac 15307-86-5 Pharmaceutical (antiinflamatory) Negative  Auto MSMS - 33 1.36E-06

Diethyltoluamide 134-62-3 Insect repellent Positive Auto MSMS - 100 7.40E-06

Dinoterb 1420-07-1 Herbicide Negative  Auto MSMS - 17 8.41E-05

Positive/Ne

Diuron 330-54-1 Herbicide gative All lons 3 100 1.07E-03
Metabolite of cocaine (drug of

Ecgonine methyl ester 7143-09-1 abuse) Positive All lons 2 75 8.67E-06
Pharmaceutical (hyperthension

Enalapril 75847-73-3 treatment) Positive Auto MSMS - 8 1.14E-04

Esculetin 305-01-1 Antioxidant/Natural product Negative  Auto MSMS - 42 7.80E-07
Pharmaceutical (Calcium

Fendiline 13636-18-5 channel blocker) Positive All lons 3 100 1.96E-08

Fipronil 120068-37-3  Insecticide Negative  Auto MSMS - 100 7.11E-04

Gabapentin 60142-96-3 Pharmaceutical (anticonvulsant) Positive All lons 3 92 0.000000735 (2)
Pharmaceutical (hyperthension

Irbesartan 138402-11-6  treatment) Negative ~ Auto MSMS - 92 0.000000553 (2)
Pharmaceutical (hyperthension

Losartan 114798-26-4  treatment) Positive Auto MSMS - 42 0.214 (2)

Metformin 657-24-9 Pharmaceutical (antidiabetic) Positive All lons 100 2.94E-06

Methoprene 40596-69-8 Insecticide Positive All lons 67 7.01E-07
Pharmaceutical

Mycophenolic acid 24280-93-1 (immunosuppresant) Positive Auto MSMS - 67 2.29E-05
Metabolite of verapamil

N-Desalkylverapamil 34245-14-2 (hypertension treatment) Positive All lons 5 67 1.47E-04

Octhilinone 26530-20-1 Funguicide Positive Auto MSMS - 75 2.69E-06
Pharmaceutical (cough

Oxeladin 468-61-1 suppressant) Positive All lons 100 2.67E-05

Palmidrol 544-31-0 Natural product/supplement Positive All lons 100 5.96E-06

Paraxanthine 611-59-6 Metabolite of caffeine (stimulant) Positive Auto MSMS - 100 1.03E-02

Phenethylamine 64-04-0 Natural product/several uses Positive All lons 5 33 3.88E-04
Natrual product/Pharmaceutical

Piperine 94-62-2 (diuretic) Positive Auto MSMS - 83 1.55E-06



Products

. L . e Detection Predicted ECso
Name CAS Main applications Polarity Workflow qualniloer(]jsln All Frequency (%) (mol L) *

Riboflavin 83-88-5 Vitamin Positive All lons 2 50 1.70E-04
Ritonavir 155213-67-5 Pharmaceutical (antiretroviral) Positive All lons 3 25 0.000000108 (2)
Salicylic acid 69-72-7 Pharmaceutical (antiinflamatory) Negative  Auto MSMS - 92 7.08E-04

7286-69-3; 0.0000525 or
Sebuthylazine or terbuthylazine 5915-41-3 Herbicide Positive Auto MSMS - 100 0.000104713
Sucralose 56038-13-2 Sweetener Negative All lons 1 92 1.39E-03
Terbutryn 886-50-0 Herbicide Positive Auto MSMS - 100 6.44E-05
Testolactone 968-93-4 Pharmaceutical (antineoplastic) Positive All lons 2 33 1.56E-05
Tetrahydrocortisone 53-05-4 Hormone Positive All lons 2 33 7.24E-05
Tetramethrin 7696-12-0 Insecticide Positive All lons 2 25 2.20E-07

Metabolite of

THC-COOH (11-Nor-9-Carboxy- tetrahydrocannabinol (drug of
tetrahydrocannabinol) 56354-06-4 abuse) Positive All lons 2 42 3.33E-07
Theophylline 58-55-9 Stimulant Negative ~ Auto MSMS - 67 1.00E-02
Thymotic acid 548-51-6 Several uses Negative  Auto MSMS - 92 1.20E-04
trans-10,11-Dihydroxy-10,11- Metabolite of carbamazepine
dihydrocarbazepine 58955-93-4 (anticonvulsant) Positive All lons 3 100 8.13E-05
Triamterene 396-01-0 Pharmaceutical (diuretic) Positive Auto MSMS - 92 1.36E-05
Tri-iso-butyl phosphate (TiBP) 126-71-6 Plasticizer/Flame retardant Positive Auto MSMS - 100 2.70E-05
Tri-n-butyl phosphate (TnBP) 126-73-8 Plasticizer/Flame retardant Positive Auto MSMS - 100 4.21E-05
Triphenyl phosphate 115-86-6 Plasticizer/Flame retardant Positive Auto MSMS - 100 1.17E-06
Tris(2-butoxyethyl) phosphate
(TBEP) 78-51-3 Plasticizer/Flame retardant Positive Auto MSMS - 100 4.90E-05
Tris(2-chloroisopropyl) phosphate
(TCPP) 13674-84-5 Plasticizer/Flame retardant Positive Auto MSMS - 100 2.21E-05
Ugurol 1197-18-8 Pharmaceutical (antihemorragic) Positive All lons 2 50 3.39E-04
Umbelliferone 93-35-6 Pharmaceutical/Natural product Negative  Auto MSMS - 100 1.49E-04
Usnic acid 7562-61-0 Natural product Negative All lons 50 3.89E-06
Valdetamide 512-48-1 Pharmaceutical (hypnotic) Positive All lons 42 1.42E-04



Products

. L . I Detection Predicted ECso
Name CAS Main applications Polarity Workflow qualniloer(]jsln All Frequency (%) (mol L) *
Pharmaceutical (hyperthension
Valsartan 137862-53-4  treatment) Negative  Auto MSMS - 42 0.000144 (2)
Venlafaxine 93413-69-5 Pharmaceutical (antidepressant) Positive All lons 7 42 2.28E-05

* Predicted toxicity obtained for Fathead minnow from the US EPA Chemical Dashboard (https://comptox.epa.gov/dashboard) and produced by the US EPA TEST software.
excepting:

(1) Obtained also from the Chemical Dashboard but for Japanese medaka (not available for Fathead minnow)
(2) Data for Fathead minnow predicted by ECOSAR since Chemical Dashboard did not contain such data.





