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Abstract 

An increase number of studies show that many water bodies are increasingly affected by 

anthropogenic pressure, through excessive and uncontrolled practices, such as 

agricultural activities, domestic and industrial waste, which discharge their effluents into 

the waters, affecting wild life and human health.   

With the population of Panama at 4million, their economy growing at a rapid rate, and 

population expanding at the same time, there is an increasing demand for water use, 

which leads to the release of wastewater from different sources.  

Water samples have from four rivers in Panama were analyzed in order to evaluate water 

quality, and to identify, for the first time, the most import emerging pollutants present in 

these waters. The zebrafish (Danio rerio) embryo development bioassay was used to 

evaluate the toxicity of water samples from different rivers with distinct input sources.  

The levels of emerging contaminants (EC´s) and organic nutrients detected in this study 

concerning the Matasnillo and Curundu rivers indicate high level of pollution, causing 

lethals and sublethals effects on zebrafish D.rerio embryo. Conversely the Tapia and 

Tocumen rivers show lower level of contamination, but should also be included in 

routinely monitored. 

Overall, this study further supports the use of the zebrafish embryo assay as a fast, high 

throughput approach for screening the toxicity of water samples. Further, the results 

indicate that the Matasnillo and Curundu rivers are under strong anthropogenic pressure, 

and therefore management actions are urgent to decrease their level of contamination.  

 

Keywords 

Emerging contaminants, rivers, Panama, bioassay, Danio rerio, zebrafish embryo, 

effects, abnormalities, mortality  
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Resumo  

Um número crescente de estudos mostra que muitos corpos hídricos são cada vez mais 

afetados pela pressão antropogênica, através de práticas excessivas e descontroladas, 

como atividades agrícolas, resíduos domésticos e industriais, que despejam seus 

efluentes nas águas, afetando a vida selvagem e a saúde humana. 

 

A população do Panamá em 4 milhões, a economia crescendo rapidamente e a 

população em expansão ao mesmo tempo, há uma demanda crescente pelo uso da 

água, o que leva à liberação de águas residuais de diferentes fontes. 

 

As amostras de água de quatro rios no Panamá foram analisadas para avaliar a 

qualidade da água e identificar, pela primeira vez, os poluentes emergentes mais 

importantes presentes nessas águas. O bioensaio de desenvolvimento de embriões de 

peixe-zebra (Danio rerio) foi utilizado para avaliar a toxicidade de amostras de água de 

diferentes rios com fontes de entrada distintas. 

 

Os níveis de contaminantes emergentes (EC´s) e nutrientes orgânicos detectados neste 

estudo sobre os rios Matasnillo e Curundu indicam alto nível de poluição, causando 

efeitos letais e subletais no embrião de peixe-zebra D.rerio. Por outro lado, os rios Tapia 

e Tocumen apresentam menor nível de contaminação, mas também devem ser incluídos 

em monitoramento rotineiro. 

 

No geral, este estudo apóia ainda mais o uso do ensaio de embriões de peixe-zebra 

como uma abordagem rápida e de alto rendimento para a triagem da toxicidade de 

amostras de água. Além disso, os resultados indicam que os rios Matasnillo e Curundu 

estão sob forte pressão antrópica e, portanto, são necessárias ações de manejo para 

diminuir seu nível de contaminação. 

 

 

Palavras-chaves 

Contaminantes emergentes, ríos, Panamá, bioensaio, Danio rerio, embriões de peixe-

zebra, efeitos, anomalias, mortalidade. 
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1.  Introduction 

1.1. Water pollution  

Fresh waters comprise only 0.01% of the water on Earth, with lakes, reservoirs and rivers 

covering approximately 2.3% (and freshwater wetlands encompassing an estimated 5.4–

6.8%) of the global land surface area, excluding large ice sheets (Lehner & D¨oll, 2004). An 

initial global inventory – the Freshwater Animal Biodiversity Assessment (FABA) (Balian et al., 

2008) – revealed that these ecosystems host almost 9.5% of the Earth’s described animal 

species, including one-third of vertebrates; wetland ecosystems which are highly biodiverse 

were not included in FABA. 

Agricultural practices, industrial discharges and human beings play an important role in the 

issue of pollutants in water bodies, releasing compounds every day in various activities. All 

these practices have generated the pollution and alteration in the water cycle in many rivers, 

causing a global concern linked to their eventual impact on wildlife and human health 

(Vogelsang et al, 2006; Richardson and Ternes, 2018). 

Water bodies receive discharges of residual effluents that lead to the introduction of trace 

levels of various organic pollutants such as pharmaceuticals, hormones, personal care 

products, pesticides and disinfection by products (Fig.1), which have now also become 

prominent agents of interest of research for environmental scientists. This is due in large part 

to the revolutionary development of resources and technologies that have produced more 

chemicals and compounds that, consequently, increased their number and were identified as 

having potential environmental threats (Richardson and Kimura, 2016; Snyder et al., 2003). 

On the other hand, wastewater treatment plants (WWTP) are work well in removing certain 

classes of contaminants but some WWTP are ineffective in removing some of the 

aforementioned pollutants (pharmaceuticals, etc.) and therefore constitute important sources 

of contaminants in the aquatic environment (Rigobello et al., 2013). 

The recent knowledge of their occurrence has raised concerns about human health effects 

and ecosystem risks. Therefore, an increasing number of studies has been focusing on the 

environmental fate and impact in non-target organisms (Brausch and Rand, 2011). 

Environmental monitoring studies have identified compounds that are present in some 

ecosystems at levels that can induce negative effects for organisms (Ferrari et al., 2003). In 

many cases, negligible effects may occur from a continuous exposure during the entire life of 

organisms or a multi-generational exposure to low concentrations of Pharmaceuticals and 

Personal care products (PPCPs). These effects might be cumulative thus affecting the 

population and the ecosystem (Santos et al., 2010). 



FCUP       14 

Evaluation of water quality in Panama rivers, using zebrafish (Danio rerio) embryo bioassays and chemical 
characterization of emerging contaminants (EC´s)  

 

 

 
 
 

                                                                                                      

 

 

 

 

 

 

 
Fig.1 Pathways of emerging contaminants into the water bodies. Rasheed et al, 2019. 

 
 
 

1.2. Emerging contaminants 

 Emerging contaminants are synthetic or naturally occurring chemicals, that include industrial 

compounds, pharmaceuticals, personal care products, agricultural products, and disinfection 

products, among others; that are not commonly monitored despite having the potential of 

entering the environment and causing adverse ecological and/or human health effects (Silva 

and Collins, 2011; Heberer, 2002; Thiele-Bruhn, 2003; Masiá et al., 2015; Richardson and 

Ternes, 2018).  

These emerging organic compounds (EC`s) remain unknown in public health and aquatic 

organisms effects; on the other hand several studies have shown that some of these pollutants 

can lead to drastic effects to aquatic organisms in typical concentrations for wastewater 

discharges, even to lower concentrations (Daughton and Ternes, 2009; Carlsson et al, 2006). 

Yet most emerging compounds are still poorly characterized with respect to their fate, 

behavior, toxicity and impact in non-target organisms (Lapworth et al, 2012). However, due to 

the scarcity of information for some ECs, these compounds are not yet subject to regulatory 

criteria or norms for the protection of human health or the environment. Experimental evidence 

shows that ECs can affect amphibians, mollusks, fish, and humans, among other taxa. 

(Matthiessen, 2008; Hayes et al., 2010; Miodovnik et al., 2011; Zhao et al., 2017). 

The problem of emerging pollutants is the lack of knowledge of their impact in the middle or 

long-term effect on human health, the environment and aquatic environments (Halling-

Sorensen et al., 1998; Garric and Ferrari, 2005). One of the principal environmental objectives 
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of the European community Water Framework Directive (WFD), Article 4, is to ensure 

achievement and maintenance of “good status” for all community waters (EC,2006). 

Very few precautions and monitoring were taken to ensure these unregulated or new 

compounds and by-products, specifically the micro-range pollutants, from being released to 

water sources. Yet some actions have been actively taken; for instance, by the European 

Commission that has developed strategies to deal urgently these pollutants (EC, 2006). 

These compounds are different in their form and mechanism of actions. Thus, the identification 

and evaluation of these compounds from the environmental matrixes have provided a unique 

challenge (Snyder,2000). This made the measurement and detection difficult, since they 

sometimes need well validate biological assays and instrumental methods. 

1.3. Water pollution in Panama 

In developing countries like Panama, due to the lack of planning, budgeting, and use of 

irresponsible practices, aquifers have become seriously polluted and the available supplies of 

water continue to be contaminated, such as: rivers, lakes, streams, and underground aquifers 

often causing a shortage of drinking water (Barranco, 2013).  

Panama is a country with abundant water resources and an average annual precipitation of 3 

thousand mm. However, 66% of the population lives in populated places with more than 

1,500,000 inhabitants, considered as urban areas, it has 52 hydrographic watersheds (Fig.2), 

hence the importance of good management of urban waters in Panama. The majority of the 

urban population uses surface water (rivers or lakes) as a source of water to meet their needs, 

being the underground water sources, little used for supplying urban communities (ACP, 

2011). 

The Ministry of Environment (MIAMBIENTE,2011) has found a relationship between the 

degradation of the water quality of the country's rivers with the population concentration: of a 

total of 17 rivers monitored in the province of Panamá, ten have conditions of “contaminated 

to highly contaminated". Among these are the Matasnillo, Curundu and Río Abajo that are 

located in the capital city. The National Plan for Integrated Water Resources Management 

(PNGIRH) 2010-2030, explains water pollution by several factors: 

▪ Deforestation and extreme rainfall that provide sediments. 

▪ The use of chemical products: agrochemicals and detergents 

▪ The discharge of wastewater without any or with insufficient treatment (domestic and 

industrial origin) solid waste discharges 

▪ Spills of hydrocarbons and other polluting materials 
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In the Republic of Panama there is a considerable degree of contamination of water resources, 

especially those located in the city of the capital (Panama City). The level of contamination of 

water resources in the rest of the country is not as significant as in the capital city, allowing its 

use for domestic purposes with prior treatment, established by the Ministry of Health (Vega, 

2012).  

The Ministry of Environment (MIAMABIENTE), the governing institution of the environment in 

Panama, estimates that more than 80% of wastewater discharges comes from the domestic 

and commercial sector and the remaining 20% corresponds to the industrial sector (ACP, 

2006). Here it should be noted that for the industrial sector, although the volume of discharge 

is lower, the pollutant load is higher than the domestic contribution, which is critical, since 

ANAM reports that few companies submit a request for a water discharge permit, either to 

bodies of surface water or sewage (MIAMBIENTE, 2011). 

Factors that generate water pollution include, the discharge of industrial sewage, domestic, 

agrochemicals, hydrocarbons into the rivers and the sea, absence of incentive systems for 

industries, so that they treat their liquid waste, inefficient management in the application of the 

specific norms for discharge of domestic and industrial wastewater, direct and indirect 

discharges of hydrocarbons by ships that use the Panama Canal, sedimentation problems, 

poor promotion of pollution prevention and lack of environmental education, scarce data on 

water quality, especially in rural areas (Vega, 2012). 

Since 2002, MIAMBIENTE has been executing the water quality monitoring program in the 

watersheds of Panama, which constitutes the first step towards knowing the current state of 

the country's water resource. To identify rivers and basin with better water quality, 

MIAMBIENTE has established the Water Quality Index (ICA) which shows information on 

dissolved oxygen levels and biochemical oxygen demand in the monitored rivers, allowing to 

identify those that are affected by anthropogenic pressure. 

The level of sanitation has a direct relation in the quality of the resource of the bodies of water, 

being produced in the case of the Republic of Panama negative effects to the deficient 

capacity of treatment of the residual waters of the country. Since 2002, the National 

Environmental Authority has been carrying out a program to monitor water quality in the 

watersheds of Panama with the support of CBMAP (Panamanian Atlantic Mesoamerican 

Biological Corridor), JICA (Japanese Agency for International Cooperation), which constitutes 

a first step towards understanding the current situation of the water resource. This program 

covers the 51% of the total watersheds in the country. 
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The contamination of the water resource covers different river basins throughout the country 

and is not limited to the main industrial zones. Taking into account physicochemical and 

microbiological parameters, MIAMBIENTE has identified that the rivers belonging to the 

province of Panamá are those that present higher levels of affectation. Problems of population 

agglomeration in urban centers, associated with urban development, solid waste, pesticides, 

extraction of stones and sand from riverbeds and lack of adequate sanitation generate impacts 

that alter rivers, this is more evident in the Rivers of the metropolitan area such as Curundú, 

Matías Hernández, Juan Díaz, Matasnillo, Tocumen, Rio Abajo and Tapia, which are the most 

polluted rivers. Studies on the quality of water in the main rivers of the districts of: Panamá, 

La Chorrera, San Miguelito and Arraiján, carried out by the University of Panama and the 

Technological University of Panama have revealed a great deterioration of them, with high 

concentrations of organic matter and high bacterial load (ANAM,2009). 

As of the year 2000, the Technical Regulations for discharge of liquid effluents to bodies and 

masses of surface and groundwater, and wastewater collection systems have been 

promulgated. Those sources existing stations prior to the promulgation of these regulations 

have been regulated by Resolution AG-0026-2002, issued by MIAMBIENTE, which 

establishes compliance schedules for the characterization and adaptation to technical 

regulations for discharge of wastewater, taking into consideration the type of emitter and the 

characteristics of the discharge. However, according to MIAMBIENTE, most companies in 

industrial areas have structural deficiencies in relation to the possibility of monitoring their 

effluents, which hinders their current control. 

 

 

 

 

 

 

 

 

 

Fig.2 Map Watersheds of Panama shows the 52 watersheds or basins that group the primary rivers of Panama. Source: 

https://stridata-si.opendata.arcgis.com/app/panama-river-stream-finder 

 

There are more than 800 activities (domestic, commercial, agricultural, industrial) currently 

registered that discharge wastewater in 39 of the 52 river basins in Panama, which represent 

https://stridata-si.opendata.arcgis.com/app/panama-river-stream-finder
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a daily discharge volume of 59,611,211.9m3. in addition, 10,360,494.85 tons of organic matter 

are dumped daily, which reduces the availability of the water resource (ANAM,2009). 

1.1.1 Rivers with critical water quality in the province of Panama  

Of all the rivers of Panama, we will take as a study 4 of them, which have a high anthropogenic 

pressure, they are distributed in basins 142 and 144; these basins present problems of a large 

concentration of economic activities because they belong to the Metropolitan Region within 

Panama City, it was known (ANAM, 2011) that the rivers Curundú, Matasnillo, Tapia, Tocumen 

(within the city of Panama or in its surroundings) received domestic wastewater and liquid 

spills of 674 companies (including slaughterhouses, poultry, dairy, sausage processors, 

metallurgists, paint factories, car battery factories, building materials, extraction of non-

metallic minerals, petroleum products processing companies, sawmills, tanneries, mechanics 

and sheet metal workshops); these rivers ended up flowing in the Bay of Panamá, in front of 

the city, causing bad odors and the prohibition for its recreational use.  

Basin 142 in which the Matasnillo and Curundú rivers are included, it presents a single type 

of climate, temperate tropical savanna. There are diverse ecosystems represented in two life 

zones: tropical humid forest and premontane humid forest. The vegetation is represented by 

area covered by forest (mature secondary forest, minor intervention and secondary 

intervention), grasslands (straw and other grasslands such as trees, pastures, grasslands) 

and wetlands (ANAM,2009). 

Tocumen and Tapia rivers are included in the basin 144, it has two types of climate, tropical 

savanna temperate and tropical humid. The vegetation is represented by two ecological 

communities: area covered by forests (secondary forest little intervened and secondary forest 

heavily intervened), and wetlands (mangroves). 

The productive activities that are located in this area are those related to subsistence 

agricultural production and commercial and industrial development and urban development. 

The recurrent environmental disasters in this basin are mainly floods caused by anthropogenic 

causes that limit the capacity of infiltration of water and hinder the flow in watercourses. The 

construction of road infrastructure without water conduction systems, excessive paving in 

these areas of the basin, deficiency in storm drainage systems and hydraulic structures, the 

disorderly settlement of alluvial areas of the river and the inadequate management of solid 

waste, contribute to this situation. 
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1.4 The use of fish embryos in ecotoxicological studies with water 

rivers of Panama 
 

Given the sensitivity of the embryonic development of the zebrafish (Danio rerio) for studies 

of developmental toxicity of chemicals it is one of the most popular model organisms in 

ecotoxicology (Dai et al., 2014; Scholz et al., 2008; Van den Bulck et al.,2011; Sipes et al., 

2011). Since the embryonic development allows to better capture chemical toxicity, given the 

many biological process occurring, has been proposed as an alternative to juveniles/adults 

and animals with long life cycles (Van Leeuwen et al., 1985; Versonnen and Janssen, 2004). 

The table 1 shows the main advantages of its use. 

Table 1. Advantages of zebrafish as a model for developmental 
toxicology.Sources: Teraoka et al, 2003. 

1. Cells and tissue transplantation 

2. Rapid growth (hatching at around 50 hours post fertilization) 

3. High fecundity throughout the year 

4. Abundant background in developmental biology 

5. Small and transparent body suitable for observation of internal organs 

with conventional microscopy 

6. Suitable for whole mount in situ hybridization and antibody staining 

7. Forced expression of specific protein by microinjection of mRNA into 

early embryo 

8. Large-scale mutagenesis to produce artificial novel mutant lines 

9. Real-time observations of specific organs in vivo with GFP transgenic 

fish 

10. Abundant genome information (genome project nearly finished) 

11. Easy exposure of embryos to chemicals with minimal amounts 

12. Suitable for observations of direct effects of chemicals, not metabolites 

13. Suitable also for the observation of the effects of metabolites 

      

As a result of the indicated factors, the contamination of surface water constitutes a serious 

environmental problem in Panama, since it has reduced the availability of water resources for 

the development of domestic, agricultural and recreational activities; and also, expensive 

treatment for human consumption. Managing and increasing this type of toxicological 

information leads to the protection of aquatic organisms, ecosystems and human health, since 

more reliable assessments can be carried out and protection standards implemented (Bellas 

et al., 2005). 

Given the evidences of strong contamination of several rivers in Panama, the main objective 

of this thesis is to analyze the presence and toxicological effects of emerging pollutants (EC`s) 
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and organic contaminants present in water from selected rivers in the province of Panamá, 

using zebrafish bioassay as a biological tool, combined with chemical characterization.  

 

1.5  Objects 

➢ To evaluate the water quality of selected rivers from the province of Panama 

using zebrafish embryo bioassays 

➢ To evaluate the presence of emerging contaminants and organic pollutants in 

selected rivers from the province of Panama 
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2. Material and Methods 

2.1 Site Selection and sampling 

Problems of population agglomeration in urban centers, associated with urban development, 

solid waste, pesticides, extraction of stones and sand from riverbeds and lack of adequate 

sanitation generate impacts that alter rivers, this impact is more evident in the Rivers of the 

metropolitan area of Panama City, which have a high anthropogenic pressure (ANAM, 2009). 

The study area includes the following river basins located on the Pacific watershed of Panama.  

The sampling points were taken as reference to the Environmental Impact Study category III 

of the Sanitation of the City and Bay of Panama (MINSA Pmá,2005). For each river, three 

different sampling sites were selected: high part, middle part and low part.  

The river of the study area is shown in the fig.3 which include: 

➢ Matasnillo River-R1 

➢ Curundu River-R2 

➢ Tocumen River-R3  

➢ Tapia River-R4 

                                                                                                                                                        Ianna Borlotti 

Fig.3 Sampling sites study of rivers in Panama for this study; R1 Matasnillo river (A: high part, M: middle part, B: low part);R2 

Curundu river (A: high part, M: middle part, B: low part); Tocumen river (A: high part, M: middle part, B: lower part); Tapia river 

(A: high part, M: middle part, B: lower part).  
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2.1.1 Matasnillo River  

The Matasnillo river basin is located towards the center of Panama City, the Pacific slope, with 

an area of 583 km2, with a latitude of 85°59'00"N79°31'00"W, it limits to the north with the 

Chagres river basin, to the south with the Panama Bay, to the east with the Juan Díaz river 

basin, and to the west with the Caimito river; It has its birth in Bethania and its mouth is in the 

Paitilla area, crossing Balboa Avenue.  

This river is greatly affected by anthropogenic pressure, which receives discharges of 

domestic and industrial effluents, evidenced in the middle and upper part, causing the 

disappearance of fish, cloudy appearance and bad odors. Industries that contribute to the high 

degree of contamination of this river include poultry meat factories, appliance factories, dry 

food factories (flours, etc.), metal factories, soda factories, beer factories, among others. In 

addition, this river also receives domestic effluents from the large urbanization in the vicinity 

(MINSA,2009). The water quality determined by physical, chemical and microbiological 

parameters is show in the table 2, according to the report of the Panama Bay Sanitation Project 

carried out by the Ministry of Health in the year 2009. 

Three sampling points were taken for water collection, divided into three sampling stations: 

➢ Station # 1-High part N9°01.223¨W79°31.279´ 

➢ Station # 2-Middle part N9°00.005´W79°31.370´ 

➢ Station # 3-Low part N8°59.197´W79°30.772´ 

Table 2. Physico-chemical parameters of the Matasnillo river-MINSA 
2009 

Parameters Values Parameters Values 

pH 5.32 Oils and fats (mg/L) 8.0 

Turbidity (UNT) 91.50 Fecal coliforms 
(UFC/100ml) 

20X103 

Totals solids (mg/L) 480.0 Total coliforms 
(UFC/100ml) 

90X104 

Suspended S. (mg/L) 124.0 Phosphate total 
(mg/L) 

1.8 

Filterable S. (mg/L) 356.0 Nitrogen NH4 (mg/L) 9.1 

Cloride (mg/L) 100.0 Nitrogen NO3 (mg/L) 8.5 

Conductivity 302.0 Nitrogen NO2 (mg/L) 1.0 

Alcalinity (mg/L) 26.0 Nitrogen N (mg/L) 16.8 

Temperature (°C) 25.5 Mercury (ug/L) 0.18 

Dissolved oxygen (mg/L) 1.9 Zinc (mg/L) 0.05 

Organic carbon total 

(mg/L) 

26.0 Copper (mg/L) 0.04 
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2.1.2 Curundu River   

The Curundu river runs in a north-west direction has its birth in the Ancon region, to the north 

of the Dr. Víctor Levi Sasso Campus of the Technological University of Panama, at an 

estimated elevation between 75 and 80msnm (meters above sea level). It has a length of 

10.74Km, 85°58'00"N79°33'00"W.  

The quality in the high part is good evidenced by the presence of fish, compared to the middle 

and high part, where according to the MINSA 2009, the amount of organic matter in terms of 

BOD presents the worst conditions due to domestic and industrial discharges. In addition, the 

values of dissolved O2 indicates anaerobic degradation conditions, as a consequence the 

production of bad odors. Phisyco-chemical and microbiological parameters are shown below 

in the table 3, according to the report of the Panama Bay Sanitation Project carried out by the 

Ministry of Health in the year 2009. The 3 sampling points for water collection, were divided 

into three sampling stations:  

➢ Station #1-High part¨N9°1´29.89¨W79°32´10.06¨. 

➢ Station#2-Middle part N8°59´56.51¨W79°32´25.76¨.  

➢ Station # 3-Lower Part N8°58´1.42¨W79°33´53.73¨. 

 

Table 3. Physico-chemical parameters of the Curundu river- MINSA 
2009 

Parameters Values Parameters Values 

pH 8.25 Oils and fats 
(mg/L) 

6.0 

Turbidity (UNT) 69.10 Faecal 
coliforms 
(UFC/100ml) 

50X106 

Totals solids 
(mg/L) 

134.0 Total coliforms 
(UFC/100ml) 

20X107 

Suspended S. 
(mg/L) 

148.0 Phosphate total 
(mg/L) 

1.1 

 Total halogenates C. 

(mg/L) 

0.0 Nickel (mg/L) 0.05 

Benzene, Toluene and 

Xylene (mg/L) 

0.0 Chrome(mg/L) <0.05 

PBC´s 0.0 Cadmium(mg/L) <0.05 

Trichlorethylene (mg/L) 0.0 Plumb (mg/L) <1 

Arsenic (mg/L) 0.0   

DBO5 (mg/L) 52.0   

DQO (mg/L) 250.0   

Source: C:\SanBahiaPanama\informefinal\D-lineaBaseSBP05-01-19.doc. 
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Filterable S. 
(mg/L) 

1200.0 Nitrogen NH4 
(mg/L) 

2.1 

Cloride (mg/L) 30.0 Nitrogen NO3 
(mg/L) 

18.0 

Conductivity 644.0 Nitrogen NO2 
(mg/L) 

0.0 

Alcalinity (mg/L) 480.0 Nitrogen N 
(mg/L) 

14.6 

Temperature (°C) 30.1 Mercury (ug/L) 0.12 

Dissolved oxygen 
(mg/L) 

0.0 Zinc (mg/L) 0.1 

Organic carbon 
total (mg/L) 

32.0 Copper (mg/L) 0.05 

Total halogenates 

C. (mg/L) 

0.0 Nickel (mg/L) 0.05 

Benzene, Toluene 
and Xylene (mg/L) 

0.0 Chrome(mg/L) 0.5 

PBC´s 0.0 Cadmium(mg/L) <0.05 

Trichlorethylene 

(mg/L) 

0.0 Plumb (mg/L) <1 

Arsenic (mg/L) 0.0   

DBO5 (mg/L) 420.0   

DQO (mg/L) 786.0   

Source:C:\SanBahia\informefinal\D-lineaBaseSBP05-01-19.doc 

 

2.1.3 Tocumen River  

Has its birth at an altitude of 500m above sea level, south of Cerro Azul. Its geographical 

location is between N9°03´9°10´79°22¨ 79°23´W. It limits to the north with Cerro Azul, to the 

south with the Bay of Panama, to the east with the Tapia river basin and to the west with the 

Cabra river basin. The watershed has a narrow and elongated shape from north to south. The 

length of the main channel is 20.9km and the drainage area of the basin is 3,537.86Ha. This 

river crosses lands of little human occupation at 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. It is one of the rivers that have better water quality 

conditions in comparation with the Matasnillo and Curundu rivers, due to the fact that it is the 

least developed basin from the urban point of view. In its middle part it receives downloads of 

the treatment systems of the different urbanizations; However, the east water has a relatively 

good quality, shows in the table 4 (MINSA,2009).  

The 3 sampling points for the water collection, were divided into three sampling stations: 

➢ Station # 1-High part N9°07.445´W79°24.730´ 

➢ Station #2-Middle part N9°04.240´W79°23.355´ 

➢ Station #3-Lower part N9°02.708´W79°23.849´ 
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Table 4. Physico-chemical parameters of the Tocumen river-MINSA 2009 

Parameters Values Parameters Values  

pH 7.60 Oils and fats 
(mg/L) 

4.0 

Turbidity (UNT) 5.60 Fecal coliforms 
(UFC/100ml) 

50X102 

Totals solids 

(mg/L) 

236.0 Total coliforms 
(UFC/100ml) 

20X103 

Suspended S. 

(mg/L) 

76.0 Phosphate total 
(mg/L) 

0.7 

Filterable S. (mg/L) 160.0 Nitrogen NH4 
(mg/L) 

3.15 

Cloride (mg/L) 11.0 Nitrogen NO3 
(mg/L) 

10.0 

Conductivity 129.0 Nitrogen NO2 
(mg/L) 

3.0 

Alcalinity (mg/L) 240.0 Nitrogen N (mg/L) 3.4 

Temperature (°C) 28.2 Mercury (ug/L) 0.1 

Dissolved oxygen 

(mg/L) 

7.0 Zinc (mg/L) 0.05 

Organic carbon 

total (mg/L) 

12.0 Copper (mg/L) <0.03 

Total halogenates 

C. (mg/L) 

0.0 Nickel (mg/L) 0.0 

Benzene, Toluene 

and Xylene (mg/L) 

0.0 Chrome(mg/L) <0.05 

PBC´s 0.0 Cadmium(mg/L) <0.05 

Trichlorethylene 

(mg/L) 

0.0 Plumb (mg/L) <1 

Arsenic (mg/L) 0.0   

DBO5 (mg/L) 3.0   

DQO (mg/L) 7.0   

S4.0o6.0urce:C:\SanBahia\informefinal\D-lineaBaseSBP05-01-19.doc 

 

2.1.4 Tapia River  

The geographical location of this basin corresponds to the coordinates 9°03´9°08´N79°27¨W. 

It has it birth on the slopes of Cerro Bandera. The Tapia river basin has an elongated shape, 

following Southwest direction, and then pouring its waters into the Tocumen river, which flows 

into the Bay of Panama. It limits to the north with the Caraño river basin and with the upper 

part of the Tocumen river basin; to the south and east with the Tocumen river basin and to the 

west with the Juan Díaz river basin.  

The middle part presents a high degree of contamination, discharges of industrial effluents 

without treatment of some factories of oils, glass, dry food, ice cream. that cause damage to 
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the aquatic ecosystem. In its lower part, it receives domestic effluent discharges from the 

urbanization near the river, significantly degrading it. In table 5 show the physico-chemical and 

microbiological parameters, according to the report of the Panama Bay Sanitation Project 

carried out by the Ministry of Health in the year 2009. 

The 3 sampling points for the water collection were divided into three sampling stations  

➢ Station # 1-High part N9°06.408´W79°25.102´ 

➢ Station # 2-Middle part N9°04.657´W79°24.950´  

➢ Station # 3-Low part N9°02.936´W79°24.004´ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 5. Physico-chemical parameters of the Tapia river-MINSA 2009 

Parameters Values Parameters Values 

pH 6.98 Oils and fats (mg/L) 14.0 

Turbidity (UNT) 13.10 Faecal coliforms 
(UFC/100ml) 

50X104 

Totals solids 

(mg/L) 

248.0 Total coliforms 
(UFC/100ml) 

50X104 

Suspended S. 

(mg/L) 

76.0 Phosphate total (mg/L) 1.0 

Filterable S. 

(mg/L) 

172.0 Nitrogen NH4 (mg/L) 2.8 

Chloride (mg/L) 160.0 Nitrogen NO3 (mg/L) 9.0 

Conductivity 197.0 Nitrogen NO2 (mg/L) 2.0 

Alkalinity (mg/L) 280.0 Nitrogen N (mg/L) 3.4 

Temperature (°C) 28.5 Mercury (ug/L) 0.14 

Dissolved oxygen 

(mg/L) 

4.0 Zinc (mg/L) 0.02 

Organic carbon 

total (mg/L) 

29.0 Copper (mg/L) <0.03 

Total halogenates 

C. (mg/L) 

0.0 Nickel (mg/L) 0.0 

Benzene, Toluene 

and Xylene (mg/L) 

0.0 Chrome(mg/L) <0.05 

PBC´s 0.0 Cadmium(mg/L) <0.05 

Trichlorethylene 

(mg/L) 

0.0 Plumb (mg/L) <1 

Arsenic (mg/L) 0.0   

DBO5 (mg/L) 15.0   

DQO (mg/L) 87.0   

S4.0o6.0urce:C:\SanBahia\informefinal\D-lineaBaseSBP05-01-19.doc 



FCUP       27 

Evaluation of water quality in Panama rivers, using zebrafish (Danio rerio) embryo bioassays and chemical 
characterization of emerging contaminants (EC´s)  

 

 

 
 
 

Water sample was collected in January 2019 (summer); the samples of the Matasnillo river 

were collected on 1/15/2019, the Curundú river on 1/17/2019, Tocumen and Tapia river on 

1/18/2019. At each sampling site the coordinates of the place were taken, the area was 

described and the parameters of pH and temperature were measured in situ with the 

multiparameter meter HANNA-H1 9828. Each sample were collected and stored into 500 mL 

and 250 mL bottles (12X2 samples in total). After collection, the samples were transported in 

a cooler with ice and stored in a freezer at -80 °C until analysis.  

2.2 Species selection Zebrafish (Danio rerio)  

The zebrafish (Danio rerio) is a freshwater fish belonging to the minnow family (Cyprinidae) of 

the order Cypriniformes, native to South Asia. Zebrafish typically inhabit moderately flowing to 

the stagnant clear water of quite shallow depth in streams, canals, ditches, oxbow lakes, 

ponds. 

The zebrafish has five uniform, pigmented, horizontal, blue stripes on the side of the body, 

which resemble a zebra´s, and which extend to the end of the caudal fin. Its shape is fusiform 

and laterally compressed, with its mouth directed upwards. The male is torpedo-shaped, with 

gold stripes between the blue stripes; the female has a larger, whitish belly and silver stripes 

instead of gold as shown in the fig.4. Adult females exhibit a small genital papilla in front of 

the anal fin origin. The zebrafish can reach up to 4–5 cm in length, although they typically are 

1.8–3.7 cm in the wild with some variations depending on location. Its lifespan in captivity is 

around two to three years, although, in ideal conditions, this may be extended to over five 

years, in the wild it is typically an annual species (Arunachalam et al, 2013). Zebrafish are 

omnivorous, primarily eating zooplankton, phytoplankton, insects and insect larvae, although 

they can eat a variety of other foods, such as worms and small crustaceans if their preferred 

food sources are not readily available (Kimmel et al, 1995). 

 

 

 

   

 

 

Fig.4 Female (upside) and male (downside) of Zebrafish D.rerio Sources, http://genestogenomes.org/wild-zebrafish-sex-lab-

mystery-solved/. 

 

https://en.wikipedia.org/wiki/Caudal_fin
http://genestogenomes.org/wild-zebrafish-sex-lab-mystery-solved/
http://genestogenomes.org/wild-zebrafish-sex-lab-mystery-solved/
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One of the main advantages of using D.rerio is because the generation time is three months 

approximate. A male must be present for ovulation and spawning to occur. Females are able 

to spawn at intervals of two to three days, laying hundreds of eggs in each clutch. Upon 

release, embryonic development begins; absent sperm, growth stops after the first few cell 

divisions. Fertilized eggs almost immediately become transparent. Has been recommended 

as bioassay organism used in several fields of research due to its easy to raise, small size, 

short life-cycle, ease of maintenance and reproduction in laboratory conditions, and full 

genome sequence available. (Oberemm, 2000). In addition, zebrafish eggs are translucent, 

which allows for the monitoring of embryo development under a microscope and thanks to the 

characteristic of zebrafish it is possible to monitor phenotypic changes that may occur during 

the test, it also allows the analysis of gene expression, such as zebrafish transgenic lines ; All 

this adds to the various characteristics and advantages of using zebrafish in toxicological 

studies. (Soares et al., 2009; Segner, 2009; Versonnen and Janssen, 2004).  

The OECD, the zebrafish embryotoxic assay (FET) has been proposed as an alternative test 

guideline to classical acute fish toxicity testing with live fish, required for regulatory activities 

(Kaiser et al., 2012; Lammer et al., 2009). 

2.3 Description of the technique 

This work was carried out under the toxicity test of Fish Embryo Acute Toxicity (FET) Test- 

236 of The Organization for Economic Co-operation and Development (OECD) with 

modifications according to Espíndola et al 2019. 

This Test Guideline (TG) 236 describes a Fish Embryo Acute Toxicity (FET) test with the use 

of zebrafish (Danio rerio). This test is designed to determine acute toxicity of chemicals on 

embryonic stages of fish, they yield information of value for the estimation of the chronic lethal 

and sub-lethal effects of the chemical on other fish species. 

Newly fertilized zebrafish eggs are exposed to the test chemical for a period of 96-120 hours. 

Every 24 hours, up to four apical observations are recorded as indicators of lethality 

coagulation of fertilized eggs, lack of somite formation, lack of detachment of the tail-bud from 

the yolk sac, and lack of heartbeat.  

2.4 Fertilization and embryos collection 

2.4.1 Zebrafish Adult  

Zebrafish were kept at 28 °C and14:10h(light/dark) cycle as described by Soares et al. (2009). 

This study was carried out at Bioterium of the Organisms Aquatics (BOGA- CIIMAR) aquatic 

animal facilities, in accordance to the guidelines of the Directorate-General of Veterinary of 
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Portugal (decreelaw113/2013), based on the European directive of animal 

welfare2010/63/EU.  

2.4.2 Danio rerio fertilization and embryos collection  

Adults of zebrafish were kept at a water temperature of 28 ± 1 °C under a photoperiod of 14:10 

h (light: dark) in 70-liter aquaria with freshwater (dechlorinated and aerated tap water in a 

recirculation system with both mechanical and biological filters). For spawning, adult males 

and females (2:1) were placed in breeding tanks overnight. At the following day, ovulation and 

fertilization were stimulated by the beginning of the light period (Soares et al., 2009). The 

adults were fed ad libitum twice a day with commercial fish diet Tetramin (Tetra, Melle, 

Germany) supplemented with Artemia spp. (Soares et al., 2009). In the afternoon before 

breeding, adult males and females (10:5) were housed in a cage with a bottom cover with 

glass marbles, within a 30-liter aquarium under the same water and photoperiod conditions as 

the stock, to allow the fall of the eggs to the bottom of the aquarium. Spawning and fertilization 

of the eggs were stimulated by the beginning of the light period. The fertilized eggs were 

collected from the bottom of the aquarium and were cleaned several times with pipettes with 

widened openings to collect eggs and water to remove detritus, feces and avoid the 

proliferation of microorganisms throughout the experiments (Ribeiro et al., 2015). 

The 24-wells plates were incubated at 26±1°C during 120 hours under the same photoperiod 

conditions as the zebrafish stock; the incubation of the cleaned fertilized eggs from the 

previous section was carried out in 24-wells plates. A magnifying glass with (LEICA E24) was 

used for observation and 1 fertilized egg was placed in each well previously filled with 2 ml of 

river water as presented in the following figure (fig.5). For each river water site sample 2 

independent replicate plates with 10 replicates were performed; observations until 120h post 

fertilization. Each replicate consists of 4 embryos. A total of 40 embryos per condition were 

analyzed. 

The medium was renewed daily in order to maintain oxygen constants during the assay. This 

analysis carried out in the Endocrine Disrupters and Emerging Contaminants Laboratory of 

the Interdisciplinary Centre of Marine and Environmental-CIIMAR.  
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Fig.5. Experimental design of zebrafish bioassay. 24 fertilized eggs were selected and transferred to 24-wells plates filled with 
2mL of river water samples and dechlorinated water for the internal control per plate. Two plates per sample were performed. 

 

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 which were observed at 48, 72, 96 and 120h post-fertilization (hpf), respectively, 

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; heart rate was 

evaluated in one embryo per replicate using a stop-watch during 15s, restarting the counting 

if the embryo moved ;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, 1998). 

The developmental stages were compared with those described by Kimmel et al. (1995). 

Mortality rate and morphological abnormalities were assessed at each of the above 

observation time-points were evaluated in accordance with the OEDC 236 Guidelines 

(OECD,2013).  

I.C    R1   R2   R3   R4    R5 

River water samples 

Dechlorinated water  OCDE 236 
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2.5 Chemical 

2.5.1 Physico-chemical parameters 

Of the samples collected, a part was used with one replica to measure the following physical-

chemical parameters: ammonium, phosphate, nitrates, nitrites, pH, temperature, oxygen ; they 

were measured with the measuring equipment Palintest Photometer 7500, in the Aquatic 

Organisms Bioterium-BOGA- Interdisciplinary Centre of Marine and Environmental Research-

CIIMAR, and the Organisms Aquatics Laboratory of the Faculty of Sciences-University of 

Porto. 

2.5.2 Chemical analysis 

A chemical analysis was performed to detect different emerging chemical compounds 

considering the high anthropogenic pressure in domestic and industry activities, for this 

analysis used the technique of Reversed-phase liquid chromatography (RPLC) made by the 

Institute of Food Analysis and Research, Department of Analytical Chemistry- IIAA of the 

University of Santiago de Compostela-Spain. 

2.5.2.1. Sample Preparation 

Upon receival of sample in the lab of Chromatography and Chemometrics (University of 

Santiago de Compostela), they were frozen and filtered through 0.45 μm PVDF filters (Merck 

Millipore, Darmstadt, Germany). Subsequently, 200 mL of sample were extracted by solid-

phase extraction (SPE) with Oasis HLB 200 mg cartridges (Waters, Milford, MA, USA). 

The SPE cartridges were conditioned with 5 mL of methanol (LC-MS grade, Scharlab, 

Barcelona, Spain) and 5 mL of ultrapure water. Subsequently, the sample was percorlated 

though the cartridge, dried for ca. 30 min by a nitrogen stream and finally eluted with 10 mL of 

methanol. This elutate was then concentrated to dryness, reconstituted with 0.5 mL of 

methanol and filtered with a GHP® 13 mm 0.2 µm Syringe filter membrane (Pall Corporation, 

Port Washington, NY, USA). Finally, the extract was transferred into a glass micro insert for 

injection in the chromatographic system. 

 

2.5.2.2. LC-QTOF analysis 

The samples were analysed by liquid chromatography-quadrupolo-time-of-flight (LC-QTOF) 

mass spectrometry using an Agilent Technologies (Wilmington, DE) 1290 Infinity II series, 

coupled to a QTOF mass spectrometer model Agilent 6550 iFunnel Q-TOF LC/MS system 

(Agilent).  
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Chromatographic separation was carried out with a RPLC column ZORBAX Extend-C18 1.8 

µm (2.1 x 50 mm) supplied by Agilent Technologies and connected to a Supelco ColumnSaver 

0.5 µm Precolumn Filter (Supelco, Bellefonte, PA). A 2 µL aliquot of the sample extract was 

injected. As mobile phases, Milli-Q water (0.1 % formic acid) (A) and methanol (0.1 % formic 

acid) (B) were used at a flow rate of 0.4 mL/min and the temperature of the column was fixed 

at 35°C. The gradient elution started with 98 % A, increasing to 100% B in 22 min, held for 4 

min. Subsequently, it returned to initial conditions (98 % A) in 0.01 min, held for 4 min for 

column back-conditioning.  

The QTOF was furnished with a Dual electrospray (ESI) ion source. The ESI interface was w 

either in positive or negative modes and the voltage of the ESI needle was fixed at 3500 V. 

Nitrogen was used as nebulizing (30 psi) and drying gas (200 °C, 12 L min−1) in the ESI 

source, and also as collision gas in the MS/MS experiments. Instrument control and data 

acquisition were performed with the Data Acquisition of Agilent MassHunter Workstation 

software B.08.00. Auto MS/MS was used for data acquisition. Three collision energies (10 eV, 

20 eV and 40 eV) were collected for each precursor ion, with a maximum of 2 precursor ions 

per cycle. The acquisition frequency in the single-MS and the MS/MS were 3 and 6 spectra 

per second, respectively. A reference calibration solution, supplied by Agilent, was 

continuously sprayed in the source during the chromatographic run, providing the required 

accuracy of mass assignations. A recursive injection mode was employed, with 3 recursive 

injections per mode (3 in positive mode and 3 in negative mode). 

The obtained data were processed using the Qualitative Workflows of the Agilent MassHunter 

Workstation software B.08.00. Data analysis consisted on the use of the search algorithm Find 

by Auto MSMS, which automatically extract the MS and MS/MS information, aligns the spectra 

sorts and display the according spectra as a single compound. Data base search was carried 

out employing an accurate mass MS/MS spectral library of ca. 3200 chemicals 

(pharmaceuticals, pesticides and other emerging pollutants). Analytes were considered to be 

tentatively identified when there were at least 2 product ions matched the library spectra. 

Tentatively identified chemicals were finally integrated from the single-stage MS 

chromatogram, using the [M+H] + or [M-H]- ion, depending on the source polarity employed. 

 

2.6 Statistic 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. Given that these assumptions 
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were not met, differences between treatments were tested for significance by means of Non 

parametric ANOVA Kruskal-Wallis test followed by Binomial test for multiple comparison tests 

comparisons adjusted with Bonferroni correction between groups that compare the control 

groups and each of the treatment groups (Bellas et al., 2005). To fulfill ANOVA assumption of 

independence of data, the results were analyzed at 96 hpf. 
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3. Results 

3.1 Mortality Rate and abnormalities-Zebrafish (Danio rerio) 

3.1.1 Matasnillo River 

During the course of the assay a high percentage mortality was observed in the middle part of 

the river, increasing to 120 hours with a percentage of 47.5%, following the low part with 7.5%, 

finally the high part with 2.5%, in comparison with control of 2.5%. Non-parametric ANOVA 

Kruskall-Wallis (p<0.05) shows a significant difference of mortality between control and the 

middle part of the river. (See figure 6a). 

In addition to mortality, there were also cases of morphological abnormalities in embryos 

exposed to water samples, for the Matasnillo river, there was an overall 24% total 

abnormalities (see fig.6b), divided by scoliosis (6.5%) and yolk-sac big/malformed 

(6.5%),observed in the middle and low part, respectively, making them as the most frequent 

abnormalities. Additionally, abnormalities such as yolk-sac edema (3%), embryonic 

developmental delay (1%), pericardium edema (3.5%) and tail deformed (0.5%) were 

recorded. Totals abnormalities in D.rerio embryos exposed to water samples of Matasnillo 

river was statistically significant (p<0.05) non-parametric ANOVA Kruskall-Wallis, followed by 

Binomial test for multiple comparisons adjusted with Bonferroni corrections between groups, 

with significant different between the middle part (MP)- high part(HP) and middle part -control.   

 

 

 

 

 

 

 

 

 

 

 

Fig 6a. Mortality rate of the R1 tested with bioassay of the zebrafish D.rerio, where a higher mortality was observed in the middle 

part of the river (MP, brown bar), compared to the high part (HP, green bar), low part (LP, orange bar) and control (C, gray bar ), 

at different observation periods, according to OECD 236. Data are expressed as mean ± SD (n=10). Non-parametric ANOVA 

Kruskall-Wallis (p<0.05) performed on data at 96 hpf. (*) indicates significant different from control. 
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Fig.6b Total abnormalities were reported along the differents location points, sublethals effects as yolk-sac big/malformed and 

scoliosis were the most frequent abnormalities. Non-parametric ANOVA Kruskall-Wallis (p<0.05), followed by Binonimal test for 

multiple comparasions, ajusted with Benferroni correction between groups MP (middle part)-HP (high part) and Control-MP. yolk 

big/deformed (1), Yolk edema (2), Pericardium edema (3), Scoliosis (4), Non-development delay (5), Deformed tail (6), Totals 

abnormalities (7). Control (gray bar), HP-high part (green bar), MP-middle part (brown bar), LP-low part (orange bar). 
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3.1.1A. Observed abnormalities. 

The following figures show the different abnormalities that were observed throughout the 

embryonic development of the zebrafish, exposed to water samples from the Matasnillo river. 

Fig.7 Illustrates the different abnormalities that were observed during D.rerio embryonic development exposed 

to river water samples of Panama. A. Normal larve D.rerio at 96hpf, lateral view; B. Normal larvae D.rerio at 

96hpf  front view. C. Non-development delay, yolk-sac big and tail deformed; D. Head and tail deformed.  E. 

Tail broken and yolk-sac big. F. Pericardial edema and tail broken; G. Spine curvature. H. Yolk-sac and 

pericardial edema. I. Pericardial edema. J. Scoliosis; K. Short larvae; L. Yolk-sac big/malformed, non-

development delay. The arrows indicate where the abnormalities are (→). 
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Fig 8a. Show percentage of yolk-sac big/malformed abnormalities where the most frequently was observed in the middle and low 

part after 72 hours.). Fig.8b. A higher percentage of yolk-sac edema in the middle part after 72 hours. Control (gray bar), HP-high 

part (green bar), MP-middle part (brown bar), LP-low part (orange bar). 

 

 

 

Fig 9a. Edema in pericardial observed in the middle and low part at 72 hours with higher percentage in the middle part. Fig 9b. 

Observed with higher percentage in the low part scoliosis after 72 hours. Control (gray bar), HP-high part (green bar), MP-middle 

part (brown bar), LP-low part (orange bar).  
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Fig 10a. Observeded in the middle and low part developmental delay after 72 hours. Fig 10b. Observeded in the low part tail 

deformed at 72 hours. Control (gray bar), HP-high part (green bar). MP-middle part (brown bar), LP-low part (orange bar). 

 

3.1.2 Curundu River 

During the assay, a high mortality rate was observed after 24 hours with greater frequency in 

the low part of the river, as shown in figure 11a, increasing to 120 hours with a percentage of 

32.5%; on the other hand, 5% mortality was recorded in the middle part at 96 hours; in the 

high part, 7.5% mortality was observed from 24 hours, increasing to 10% until 120 hours; in 

contrast to the water control with 5% mortality. Non-parametric ANOVA Kruskall-Wallis 

(p<0.05) resulted in this analysis, which shows a significant difference of mortality at the low 

part of the river in comparison with the control. 

There were also cases of morphological abnormalities in the embryos exposed to the water 

from the Curundú river, with a total of 38% of sublethal effects, divided by abnormalities such 

as pericardium edema (was reported as the most frequent) in the low and middle 12.5% and 

3.5%, respectively; yolk-sac big/deformed (6.5%) in the middle and 4% in the low part; 

scoliosis (1.5%) in the low part, as shown in fig.11b.Totals abnormalities in D.rerio embryos 

exposed to water samples of Curundú river was statistically significant (p<0.05) with Non-

parametric ANOVA Kruskall-Wallis, followed by Binomial test for multiple comparisons 

adjusted with Bonferroni corrections, with significant different between groups low part (LP)- 

high part (HP) and low part -control at 96 hours. 
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Fig.11a.The mortality rate of the Curundu river tested with the bioassay with the bioassay of the zebrafish D.rerio, a higher 

mortality was observed in the low part of the river with 32.5%. Data are expressed as mean ± SD (n=10). Nonparametric ANOVA 

Kruskall-Wallis (p<0.05) performed on data at 96 hpf. (*) indicates significant differences from control. Control(gray bar), HP-high 

part (green bar), MP-middle part (brown bar); LP-low part (orange bar). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 11b. In the case of the Curundu river, different morphological anomalies were reported, where edema in the pericardial was 

reported as the most frequent. Data are expressed as mean ± SD (n=10). Non-parametric ANOVA Kruskall-Wallis (p<0.01) 

followed by Binomial test for multiple comparisons ajusted with Benferroni correction between groups low P-high.P and between 

low.P-Control. (**) indicates significant differences from control. Yolk-sac big/malformed (1), Yolk-sac edema (2), Pericardial 

edema (3), Short larve (4), Scoliosis (5), Curvature spine (6), Totals Abnormalities (7). 
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3.1.2A Observed abnormalities. 

The following figures show the different abnormalities that were observed throughout the 

embryonic development of the zebrafish, exposed to water samples from the Curundu river 

 

Fig.12a. Observeded higher percentage in the middle part (MP) yolk-sac big/malformed abnormalities,starting at 48 hours, 

followed in lower percentage low part (LP) at 72 hours. Fig 12b. Observeded in the midle part yolk-sac edema abnormalities 

starting at 48 hours. Control (gray bar), HP-high part(green bar), MP-middle part (brown bar), LP-low part (orange bar). 

 

 

 

 

Fig 13a. A higher percentage of the pericardial edema was observed in the middle, followed the low part with a lower percentage 

starting at 48 hours. Fig.13b. Short larve abnormalities was observeded in the middle part of river at 48 hours. Control(gray bar), 

HP-high part (green bar), MP-middle part (brown bar), LP-low part (orange bar). 



FCUP       41 

Evaluation of water quality in Panama rivers, using zebrafish (Danio rerio) embryo bioassays and chemical 
characterization of emerging contaminants (EC´s)  

 

 

 
 
 

  

Fig 14a. Observed in the low part scoliosis abnormalities after 72 hours. Fig14b. Spine curvature it is observed in the low part of 

river at 48 hours. Control (gray bar), HP-high part (green bar), MP-middle part (brown bar), LP-low part (orange bar). 

 

3.1.3 Tocumen River 

A low percentage of mortality was observed in this river; mortality rate at 24 hours was 

recorded in the water control as well as in the middle part with 2.5%, this mortality was 

increased at 96 hours in the middle part to 7.5%; Already for 48 hours, 15% mortality was 

observed in the low part, increasing to 17.5% at 120 hours; the high part did not present 

mortality (see fig.15a). Non-parametric ANOVA Kruskall-Wallis (p>0.05) they resulted in this 

analysis, there are not significant differences of the locations of the river with respect to the 

control. 

Further, there were cases of morphological abnormalities in the embryos exposed to waters 

of the Tocumen River, which present a 32% of the total abnormalities, such as yolk-sac 

big/malformed with 6% (the most frequent abnormality) were observed in the middle part; 

followed head deformed with 4% in the middle part; this river also presented abnormalities of 

tail deformed with 4% and 2% in the middle and lower part, respectively; yolk-sac edema were 

recorded in the high (1.5%) and lower (2%); also pericardial edema in all parts of the river 

(1%, 2%, 2%, in descending manner); Malformations such as scoliosis were also observed in 

the middle and low part (2% and 1%, respectively); in the low part there was spine curvature 

with 1.5%; the above said in contrast to 0% of the positive control, as shown in fig.15b. 

However totals abnormalities in D.rerio embryos exposed to water samples of Tocumen river 

was not statistically significant (p>0.05) with Non-parametric ANOVA Kruskall-Wallis, 

therefore do not shows significant differences in sublethal effects on zebrafish embryos. 
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Fig.15a The mortality rate of the Tocumen river tested with the bioassay of the zebrafish D.rerio, according to OECD 236, it shows 

high mortality in the low part. Non-parametric ANOVA Kruskall-Wallis(p>0.05). Control(gray bar), HP- high part (green bar), MP-

middle part (brown bar), HP-low part (orange bar). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 15b. In the case of the Tocumen river, different morphological abnormalities were reported, where yolk-sac big/malformed 

was reported as the most frequent. Non-parametric ANOVA Kruskall-Wallis (p>0.05).  Control(gray bar), HP- high part (green 

bar), MP-middle part (brown bar), HP-low part (orange bar). Yolk-sac big/deformed(1), Yolk-sac edema(2), Pericardium 

edema(3), Tail broken(4), Scoliosis(5), Curvatura spine(6), Head deformed(7), Tail deformed(8), Totals Abnormalities (9). 
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3.1.3.A Observed abnormalities. 

The following figures show the different abnormalities that were observed throughout the 

embryonic development of the zebrafish, exposed to water samples from the Tocumen river. 

 

Fig 16a. Observed in the middle part yolk-sac big/malformed starting at 48h. Fig 16b. Yolk-sac edema was observed in the low 

part starting at 48 hours and high part at 72 hours. Control (gray bar), HP-high part (green bar), MP-middle part (brown bar), LP-

low part (orange bar). 

 

 

Fig17a. Pericardial edema was observed in the low and middle part starting at 48 hours and higth part at 96 hours. Fig 17b. 

Observeded in the middle and high part tail broken starting at 72 hours. Control(gray bar),HP-high part (green bar),MP-middle 

part (brown bar),LP-low part (orange bar). 
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Fig 18a. Observed in the low part spine curvature starting at 72 hours. Fig 18b. Scoliosis was observed in the middle part 

starting at 48 hours and low part at 96 hours. Control (gray bar),HP-high part (green bar),MP-middle part (brown bar), LP-low 

part (orange bar). 

 

 

 

 

 

 

Fig 19a. Tail curvature was observed in the middle and low part starting at 48 hours with higher percentage in the middle part. 

Fig 19b. Observed in the middle part deformed head starting at 48 hours. Control (gray bar), HP-high part (green bar), MP-middle 

part (brown bar), LP-low part (orange bar). 
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3.1.4 Tapia River  

All water samples from this river showed low level of mortality (<10%), within the same range 

of water control. In the middle part of the river, increasing to 120 hours with 5% mortality, 

following the high part with 2.5% from 24 hours and finally, the low part with 2.5% after 72 

hours, based on a water control of 2.5% (see fig.20a). Non-parametric ANOVA Kruskall-Wallis 

(p>0.05) resulted in this analysis; Therefore, do not shows significant differences in mortality 

on zebrafish embryos. 

Although the lethal effects were lower compared to the other analyzed rivers, there were also 

cases of sublethal effects with a 11% in embryos exposed to water samples of the Tapia river, 

there was a report of yolk-sac big/deformed, pericardial edema, tail deformed and scoliosis 

(2%), observed in the middle part; In addition, Non- development delay (1.5%) in the middle 

part and scoliosis in the low part (1.5%) were recorded, as shown in fig.20b. Statistical 

differences from the water control endpoints (p>0.05) were not observed for both analyzed.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 20a. The mortality rate of the Tapia river tested with the bioassay of the zebrafish D.rerio, according to the OECD 236. Shows 

higher percentage of mortality in the middle part (brown bar). Non-parametric ANOVA Kruskall-Wallis(p>0.05). Control(gray bar), 

HP- high part (green bar), MP-middle part (brown bar), HP-low part (orange bar). 
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Fig20b. In the Tapia river different morphological abnormalities were reported, where yolk-sac big/malformed, pericardial edema, 

scoliosis and deformed head, were reported as the most frequent. Non-parametric ANOVA Kruskall-Wallis(p>0.05). Control (gray 

bar), HP-high part (green bar), MP-middle part (brown bar), LP-low part (orange bar). Yolk-sac big/malformed (1), Pericardial 

edema (2), Scoliosis (3), Non-development delay (4), Deformed head (5), Totals abnormalities (6). 

 

3.1.4.A Observed abnormalities.  

The following figures show the different abnormalities that were observed throughout the 

embryonic development of the zebrafish, exposed to water samples from the Tapia river. 

 

Fig 21a. Yolk-sac big/malformed was observed in the middle part starting at 48 hours. Fig 21b. Observed in the middle part 

pericardium edema starting at 48 hours. Control (gray bar), HP- high part (green bar), MP-middle part (brown bar), HP-low part 

(orange bar). 
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Fig 22a. Observed in the middle part scoliosis starting at 48 hours and in the low part at 72 hours. Fig 22b. Non-Development 

delay in the middle part starting at 48 hours. Control (gray bar), HP-high part (green bar), MP-middle part (brown bar), LP-low 

part (orange bar). 
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Fig 23a. Tail deformed was observed in the middle part starting at 48 hours. Control (gray bar), HP-high part (green bar). MP-

middle part (brown bar), LP-low part (orange bar). 

 

3.2. Physico-chemical Parameters 

The results obtained were referenced accordance with the classification criteria for the 

establishment of the good ecological state in rivers, established by the Water Framework 

Directive 2000/60/EC of the European Commission, in the table 6 shows the maximum values 

for the general physico-chemical parameters. 

Table 6. Values for good condition of the rivers 

 

 

 

 

 

 

 

 

Source: Ministry Environment-Portugal, 2009. 

 

 

 

 

Parameters Maximum values 

Nitrates ≤25 mg/L 

Phosphate ≤0.10 mg/L 

Ammonia ≤1 mg/L 

pH among 6-9 

Dissolved oxygen ≥5 mg/L 
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3.2.1. Matasnillo River-R1 

Table 7 shows the nitrates and nitrites values detected in R1, shows the levels of concentration 

within the permissible limits for the good ecological state of the rivers. 

On the other hand, phosphates were detected with concentrations higher than the values 

allowed by law, these high levels of phosphates were detected in all locations of the Matasnillo 

River. In addition to these parameters, the presence of ammonia was also measured, which 

showed an alarming concentration of 11mg/L in the middle and also low part of river, while in 

the high part there was no presence of ammonia, this concentration that exceed the limit 

established by Directive of Water appropriate values.  

Among the physical parameters considered for this study (see table 8) as the oxygen 

concentration, it was observed that the low part had oxygen concentration of 2.95mg/L 

compared to the high part (4.72mg/L) and middle (3.67mg/L), however, they remain within the 

established values. This river presented temperature and pH values within the acceptable 

range according to its hydrogeographic components of the region. 

 

Table 7. Chemical (nutrients) measured in the Matasnillo river 

 

 

 

 

 

Table 8. Physico-chemical parameters measured in the Matasnillo river 

 

 

 

 

 

3.2.2 Curundú River-R2 

Table 9 shows the nitrites and nitrates values detected in R2, shows the levels of concentration 

within the permissible limits for the good ecological state of the rivers 

Chemical P. (mg/L) High part Middle part Low part 

Nitrite 0.03 0.017 0.59 

Nitrate  4.3 0.195 2.8 

Phosphate 0.43 2.75 2.75 

Ammonia  0 11 11 

Physico P. (mg/L) High part Middle part  Low part 

pH 7.41 6.74 6.96 

Temperature (C°) 29.06 27.26 27.05 

Oxygen 4.72 3.67 2.95 
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All the localities phosphate amounts were detected that exceed the allowed limit, with a very 

high amount in all locations of river from 0.83 to 2.75mg/L. In addition to these parameters, 

the presence of ammonia was also measured, which showed a very high concentration in the 

middle and lower part, in comparison with high location that not exceeds the permissible limits. 

For the physical parameters considered for this study (see table 10) such as oxygen 

concentration, very similar values were observed between the localities, in the high part 4.84 

mg/L, in the middle 4.82mg/L and in the low part 4.79 mg/L, so they remain within the values 

established by the Directive of Water. This river has temperature and pH values within the 

established range according to its hydrogeographic components of the region. 

Table 9.  Chemical (nutrients) in the Curundú river 

 

 

 

 

 

 Table 10. Physico-chemical parameters values in the Curundú river 

 

 

 

 

 

 

3.2.3 Tocumen River-R3 

Nitrate and nitrites values were detected in R3 (see table 11), which showed levels of 

concentration within the permissible limits for the good ecological state of the rivers. 

On the other hand, phosphate amounts were detected that exceeds the limit, with highest 

concentration of all locations. Similarly, high concentrations of ammonia were found in middle 

and low locations. Among the physico parameters considered for this study (see table 12) 

such as oxygen concentration, very similar values were observed between the localities, in 

the high part 5.23 mg/L, middle part 5.17mg/L, in the low part 4.74mg/L, so they remain within 

Chemical Nutrients (mg/L) High part Middle part Low part 

Nitrite 0.02 0.3 0.05 

Nitrate  1.32 1.42 4.4 

Phosphate 0.83 2.32 2.75 

Ammonia  0.92 4.62 11 

Physico P. (mg/L) High part Middle part Low part 

pH 8.72 8.89 8.1 

Temperature (C°) 25.74 25.39 27.31 

Oxygen 4.84 4.82 4.79 
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the allowed values. This river presented temperature and pH values within the established 

range. 

Table 11. Chemical (nutrients) in the Tocumen river 

 

 

 

 

 

 

Table 12. Physico-chemical parameters values in the Tocumen river. 

 

 

 

 

 

3.2.4 Tapia River-R4 

Table 13 shows the nitrite and nitrites values detected in R4, which showed a concentration 

within the admissible; In relation to phosphates were detected with values above the limit 

established by Directive of Water, with high concentrations in all locations. In addition to these 

parameters, the presence of ammonia was also measured, which also showed values outside 

the limit, with a high concentration in the middles and lower part.  

Among the physico parameters considered for this study (see table 14) such as oxygen 

concentration, very similar values were observed between the average localities 5.93 mg/L, 

and low 5.60mg/L, while in the high part 4.91mg/L, so they remain within the allowed values, 

at the same temperature and pH 

Table 13. Chemical (nutrients) in the Tapia river 

 

 

 

 

Chemical P.(mg/L) High part Middle part Low part 

Nitrite 0.01 0.2 0.14 

Nitrate  3.4 2.3 2.04 

Phosphate 0.26 1.31 1.8 

Ammonia  0.63 1.85 2.92 

Physico P. (mg/L) High part Middle part  Low part 

pH 7.51 7.65 7.79 

Temperature (C°) 23.78 24.7 27.49 

Oxygen 4.91 5.93 5.6 

Chemical P. (mg/L) High part Middle part Low part 

Nitrite 0.04 0.13 0.07 

Nitrate 3.4 2.5 1.98 

Phosphate 1.01 1.31 2.75 

Ammonia  0.91 2.61 4.41 
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Table 14. Physico-chemical parameters values in the Tapia river. 

 

 

 

 

 

 

 

3.3 Chemistry analysis 

Emerging compounds in the water sample were detected through the technique Reversed-

phase liquid chromatography (RPLC), where they identified thirty-two compounds and they 

were Acetaminophen (Paracetamol), Acetanilide, Atenolol, Azelaic acid, Benzoylecgonine, 

Butylbenzylphthalate, Carbendazim, Diethyltoluamide (DEET), Enalapril, Losartan, 

Mycophenolic acid, Octhilinone, Paraxanthine, Piperine, Sebuthylazine, Terbuthylazine  

(TERBA), Terbutryn, Triphenyl phosphate (TPPA), Triamterene, 8-Chlorotheophylline, 8-

Hydroxyefavirenz, Diclofenac, Dinoterb, Esculetin, Fipronil, Irbesartan, Nitrophenol,4-, 

Salicylic acid, Theophylline, Thymotic acid, Umbelliferone, Valsartan.  

These compounds include drugs, pesticides and other emerging contaminants were reported 

as units of relative area in comparison with internal standards. The Matasnillo and Curundú 

river are the ones that show the greatest presence and higher concentrations. Below is the 

identification of these compounds, their concentration and where they were detected (see 

table 15-16). 

3.3.1 Compounds detected in the Matasnillo river-R1 

For this river a total of 26 compounds were detected, distributed in all parts of the river. The 

table15 shows the detection profile of the compounds that were found in the Matasnillo river, 

concentrating in greater quantity in the middle and lower part of the river. 

Table 15. List of compounds detected in the Matasnillo river. (Unit-units of relative area 

in comparison with internal standards)  

 

Physico P. (mg/L) High part Middle part Low part 

pH 7.64 7.52 7.72 

Temperature(C°) 24.15 28.08 27.4 

Oxygen 5.23 5.17 4.74 

EC´s-R1 High Part Medium Part Low Part 

Acetaminophen (Paracetamol) 0.00 5.74 2.15 

Acetanilide 0.00 1.51 3.33 

Atenolol 0.12 1.55 4.05 



FCUP       53 

Evaluation of water quality in Panama rivers, using zebrafish (Danio rerio) embryo bioassays and chemical 
characterization of emerging contaminants (EC´s)  

 

 

 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.3.2. Compounds detected in the Curundú river-R2 

For Curundu river a total of 23 compounds were detected, distributed in all parts of the river. 

The table16 shows the detection profile of the compounds that were found in this river, 

concentrating in greater quantity in the lower part of the river. 

Table 16. List of compounds detected in the Curundú river. (Unit-units of relative area 

in comparison with internal standards).  

 

EC´s-R2 High Part Medium Part Low Part 

Acetaminophen (Paracetamol) 0.00 0.05 3.87 

Acetanilide 0.00 0.00 6.55 

Atenolol 0.00 0.57 3.53 

Benzoylecgonine 0.01 0.08 9.53 

Butylbenzylphthalate 1.07 1.08 0.28 

Carbendazim (Azole) 0.24 0.86 1.09 

Azelaic acid 0.00 12.00 0.00 

Benzoylecgonine 0.03 0.50 0.57 

Butylbenzylphthalate 1.47 0.26 0.50 

Carbendazim (Azole) 0.61 2.44 1.75 

Diethyltoluamide (DEET) 0.52 2.16 2.13 

Losartan 0.00 4.01 2.89 

Mycophenolic acid 0.14 3.06 2.04 

Octhilinone 0.00 0.32 0.12 

Paraxanthine 0.05 6.42 2.80 

Piperine 0.48 0.26 0.80 

Sebuthylazine 0.57 3.32 1.99 

Terbuthylazine (TERBA) 0.57 3.32 1.99 

Terbutryn 0.01 1.05 2.65 

Triphenyl phosphate (TPPA) 1.49 0.46 0.65 

Triamterene 0.28 0.61 0.25 

8-Chlorotheophylline 0.02 8.86 2.86 

8-Hydroxyefavirenz 0.00 8.19 2.27 

Diclofenac 0.00 6.26 2.91 

Dinoterb 0.00 0.00 0.49 

Esculetin 0.00 11.54 0.45 

Fipronil 0.13 5.16 2.82 

Irbesartan 0.51 3.66 4.57 

Nitrophenol,4- 0.62 1.35 0.49 

Salicylic acid 0.61 2.88 7.74 

Theophylline 0.00 8.50 2.80 

Thymotic acid 0.82 2.12 0.92 

Umbelliferone 0.01 8.56 1.68 

Valsartan 0.00 5.77 5.09 

Values greater than 0 are considered detected compounds. Values indicated with red 

represent the compounds that were detected at the highest amount. 
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Diethyltoluamide (DEET) 0.05 0.47 4.40 

Enalapril 0.00 0.00 12.00 

Losartan 0.00 0.09 4.87 

Mycophenolic acid 0.00 0.30 4.84 

Octhilinone 0.00 0.88 1.04 

Paraxanthine 0.02 0.28 1.74 

Piperine 0.00 2.80 4.37 

Sebuthylazine 0.49 1.70 2.13 

Terbuthylazine (TERBA) 0.49 1.70 2.13 

Terbutryn 0.00 0.03 8.24 

Triphenyl phosphate (TPPA) 1.14 1.29 0.27 

Triamterene 0.00 2.14 1.87 

8-Chlorotheophylline 0.00 0.10 0.06 

8-Hydroxyefavirenz 0.00 0.53 0.03 

Diclofenac 0.00 0.00 2.44 

Dinoterb 0.00 0.00 11.51 

Esculetin 0.00 0.00 0.01 

Fipronil 0.14 0.15 0.18 

Irbesartan 0.00 1.35 0.72 

Nitrophenol,4- 0.67 1.30 2.05 

Salicylic acid 0.07 0.07 0.00 

Theophylline 0.00 0.05 0.55 

Thymotic acid 0.94 0.00 0.36 

Umbelliferone 0.01 0.08 1.53 

Valsartan 0.00 0.95 0.05 

 

 

3.3.3 Compounds detected in the Tocumen river-R3 

The number of compounds detected in this river is reduced to 29 compounds; the detection 

profile shows the distribution of these compounds in all parts of the river (see table 17). 

Table 17. List of compounds detected in the Tocumen river. (Unit-units of relative area 

in comparison with internal standards). 

EC´s-R3 High Part Medium Part Low Part 

Acetaminophen (Paracetamol) 0.11 0.00 0.00 

Acetanilide 0.41 0.00 0.00 

Atenolol 0.13 0.15 0.29 

Azelaic acid 0.00 0.00 2.00 

Benzoylecgonine 0.04 0.16 0.15 

Butylbenzylphthalate 1.16 1.20 1.27 

Carbendazim (Azole) 0.09 0.15 4.49 

Diethyltoluamide (DEET) 0.32 0.23 0.67 

Losartan 0.00 0.00 0.14 

Mycophenolic acid 0.00 0.06 0.13 

Octhilinone 2.41 0.21 0.00 

Paraxanthine 0.14 0.09 0.05 

Piperine 0.00 1.04 0.59 

Sebuthylazine 0.11 0.46 0.71 

Terbuthylazine (TERBA) 0.11 0.46 0.71 

Terbutryn 0.00 0.00 0.00 

Triphenyl phosphate (TPPA) 1.16 1.18 1.27 

Triamterene 0.12 0.62 1.17 

8-Chlorotheophylline 0.00 0.03 0.04 

8-Hydroxyefavirenz 0.01 0.08 0.00 

Diclofenac 0.40 0.00 0.00 

Values greater than 0 are considered detected compounds. Values indicated with red 

represent the compounds that were detected at the highest amount. 
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Fipronil 0.18 0.12 0.27 

Irbesartan 0.06 0.18 0.32 

Nitrophenol,4- 0.90 0.87 0.96 

Salicylic acid 0.35 0.05 0.08 

Theophylline 0.02 0.01 0.00 

Thymotic acid 1.56 0.90 1.14 

Umbelliferone 0.02 0.01 0.01 

Valsartan 0.14 0.00 0.00 

 

 

 

3.3.4 Compounds detected in the Tapia river-R4 

The situation in this river is a bit similar to that of the Tocumen River; this river shows 24 

compounds detected; the detection profile shows the distribution of these compounds in all 

parts of the river (see table 18). 

 Table 18. List of compounds detected in the Tapia river. (Unit-units of relative area in 

comparison with internal standards). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

EC´s-R4 High Part Medium Part Low Part 

Acetaminophen (Paracetamol) 0.01 0.08 0.00 

Acetanilide 0.20 0.00 0.00 

Atenolol 0.01 0.42 1.19 

Benzoylecgonine 0.02 0.12 0.80 

Butylbenzylphthalate 1.47 0.99 1.26 

Carbendazim (Azole) 0.04 0.07 0.19 

Diethyltoluamide (DEET) 0.33 0.33 0.40 

Mycophenolic acid 1.42 0.00 0.00 

Octhilinone 0.30 6.41 0.32 

Paraxanthine 0.03 0.12 0.26 

Piperine 0.08 1.29 0.29 

Sebuthylazine 0.05 0.14 0.34 

Terbuthylazine (TERBA) 0.05 0.14 0.34 

Triphenyl phosphate (TPPA) 1.07 0.76 1.26 

Triamterene 0.05 0.75 4.16 

8-Chlorotheophylline 0.00 0.02 0.01 

8-Hydroxyefavirenz 0.10 0.58 0.22 

Fipronil 0.10 0.05 0.15 

Irbesartan 0.03 0.08 0.55 

Nitrophenol,4- 0.82 0.72 1.25 

Salicylic acid 0.05 0.03 0.07 

Theophylline 0.00 0.02 0.44 

Thymotic acid 1.15 0.76 1.33 

Umbelliferone 0.01 0.04 0.05 

Values greater than 0 are considered detected compounds. Values indicated with red 

represent the compounds that were detected at the highest amount. 

Values greater than 0 are considered detected compounds. Values indicated with red 

represent the compounds that were detected at the highest amount. 
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4. Discussion and Final Remarks 

4.1 Samples water analysis with bioassay zebrafish (D.rerio) 

Many activities that generate various pollutants and alter the water cycle, affect aquatic 

organism and human health. This includes, industrial discharges, agricultural practices and 

anthropogenic pression, among others (Vogelsang et al, 2006; Silva and Collins, 2011; Masiá 

et al., 2015; Richardson and Ternes, 2018). 

The information concerning emerging compounds (ECs) is still very limited, mainly to the 

effects and important interactions that may occur between different compounds present in the 

environment; they have been detected in aquatic ecosystems at low concentrations that might 

represent a risk for the wildlife increase the individual effects of compounds, expecting that 

many of them are persistent or not easily degradable in the environment (Chalew and Halden, 

2009). 

The toxicity of chemical compounds is frequently evaluated by biological tests, since it is 

difficult to quantify them because they are usually in concentrations below the limits detectable 

in traditional analytical tests (Giuliani et al., 1996; Hartmann et al., 1999; Jolibois et al., 2003; 

Boillot, 2008). 

The use of embryos of aquatic organisms mainly of zebrafish in toxicology assays show a high 

sensitivity to contaminants present in the environment in the case of the ECs because these 

compounds can interfere in the early stages of development. Therefore, establishing the 

effective concentrations that cause lethal and sublethal effects at which the ECs act is 

important to carry out risk assessments and determine protection standards (Torres et al, 

2013)  

This study seeks to increase information on the impact that different ECs may have on the 

environment, mainly in the Central American Region, specifically Panama, where information 

is very scarce, and to evaluate the overall water quality of selected rivers using embryo 

bioassays D.rerio combined with chemical analysis. In the present study, a significant 

induction of mortality and/or abnormalities was observed in zebrafish embryos exposed to 

Matasnillo and Curundú water river in the middle and low part. In contrast, a low 

mortality/development abnormality were observed in the water samples from the Tocumen 

and Tapia rivers. The effects reported in Matasnillo and Curundú water river are likely to 

compromise survival of affected organisms and thus population balance, by affecting 

locomotion, predation and among other ecologically relevant endpoints.  
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The ECs detected in these rivers, included mainly (antibiotics, diuretics, analgesics), 

pesticides (herbicides, insecticides, fungicides). The presence of ECs in the Matasnillo and 

Curundú rivers are the most likely associated with different anthropogenic activities that are 

carried out along the route of these rivers, being in the middle and lower part strongly impacted 

by the high urban pressure, commercial and industrial that alter the water quality. On the other 

hand, in the Tocumen and Tapia rivers, similarities were found in the types and quantities of 

ECs detected, which were in lower amounts if compared to Curundú and Matasnillo; these 

compounds were manifested in the same critical points (middle and low of the river); main 

anthropogenic activities include food factories (chicken, cereals, beers), medicines, paint, 

cement, an airport and residential areas, which gives access to this waste to the rivers, many 

of these with little or no treatment before discharge;  many of the ECs are primary components 

or metabolites in the elaboration of various products. 

In Panama it has been detected that 35% of the population suffers from hypertension (MINSA, 

2019), on the other hand according to data from the National Statistics Institute 2013, 

cardiovascular disease stands out as responsible for 31% of deaths in Panamanians. 

According to research, 90% of active pharmaceutically active compounds (PhACs) entered 

the domestic water through excretion (Pomati et al., 2006). The pharmaceutical residues are 

difficult for bio degradable and incomplete assimilation by animals and humans during usage 

(McGrane, 2016; Yan et al, 2017). Drugs such as Acetaminophen were detected in large 

quantities in the Matasnillo and Curundú rivers; this may be due to the fact that this drug does 

not need prescription, thus facilitating  accessibility for the population; Acetaminophen is a 

common analgesic and antipyretic agent used for the relief of fever as well as aches and pains 

associated with many conditions. Study conducted by Ramos et al., evaluated the effects of 

acetaminophen on Oncorhynchus mykiss (rainbow fish) indicating a significant response of 

oxidative stress. Kim et al 2007, reported acute aquatic toxicity for freshwater invertebrate 

(Daphnia magna), and the Japanese medaka fish (Oryzias latipes), with Daphnia as the most 

susceptible.  

Carbendazim was detected notoriously in the middle and low part of the Matasnillo, Curundú 

and Tocumen rivers at relative quantities that from 1.09 to 4.49 unit. Jiang et al, 2014, reported 

immunological effects and endocrine disruption during embryonic development of zebrafish 

under different concentrations of Carbendazim, that is an important commercial chemical. It is 

used as a fungicide. It is also used as an antimicrobial in caulks, concrete, grouts, inks, paints, 

sealants, stains and textiles. Several studies reported that carbendazim could seriously affect 

the macroinvertebrate community influencing embryonic development and hatching. 

Carbendazim is one of the most widespread environmental contaminants that can cause major 
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concern to human and animal reproductive system (Farag et al., 2011). Carbendazim was 

shown to be very persistent in the water layer and have negative impacts on the measured 

life traits of daphnids, including a decrease on both feeding rates and reproduction on Daphnia 

magna (Ribeiro et al.,2011).Carbendazim is classified by World Health Organization (WHO) 

as unlikely to present hazard in normal use, many reports evidence the adverse effects of 

carbendazim on various aspects of reproduction in hamsters, mice, rats and humans, US-EPA 

also has classified carbendazim as a probable human carcinogen. (Farag et al., 2011; 

Akbarsha et al.,2001) 

Compounds as Losartan was also founded in higher amount in the low and middle point 

Matasnillo and low point Curundú rivers. It is used for management of hypertension, in patients 

with type 2 diabetes. According to the Syracuse Research Corporation´s (SRC), suggests the 

potential for bioconcentration in aquatic organisms is high. Biodegradation data in water were 

not available (SRC, 2014).  

Aquatic organisms are also affected by Terbuthylazine, it's use as an herbicide will result in 

its direct release to the environment, through various waste streams.  In Czech rivers reported 

environmental concentration of terbuthylazine does not impact growth, development, 

morphology, embryos and larvae in the carp fish Cyprinus carpio (Stepanova et al., 2012). 

According to a classification the Syracuse Research Corporation´s (SRC), suggests the 

potential for bioconcentration in aquatic organisms is low. 

In the case of Terbutryn was found in high concentration in the low point of the Curundú river 

and in the middle and low point in Matasnillo river; although the SRC suggest the potential for 

bioconcentration in aquatic organisms is low to moderate bioconcentration in catfish. 

Terbutryn has a degradation half-life of 6.9 - 30 days in river and pond waters under different 

conditions (Swann et al., 1983). It was observed lethal effects in Leucaspius delineates 

exposed to Terbutryn (Marcoci and Ionescu,1979). The opposite happens with the Diclofenac, 

SRC suggests that biodegradation is not an important environmental fate process in water 

because of this bioconcentration in aquatic organisms is low (Tixier et al 2003). Diclofenac is 

use as an anti-inflammatory may result in its release to the environment through various waste 

streams. Study by Hallare et al 2004, indicated no significant embryotoxicity and proteotoxicity 

induced by diclofenac, it is unlikely that this drug would pose a hazard to early-life stages of 

zebrafish; However Schwaiger et al., 2004 showed that diclofenac, after days of exposure, 

causeds chronic effects on certain species of fish such as Oncorhynchus mykiss, inducing 

kidney damage, changes in scales, or even various effects at the cellular level. Many 

pesticides have been identified to impact the reproductive health and survival of aquatic 

organisms, and some have been classified as ECs (Gray et al, 2001).  
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These may be one of the main causes of the sublethal effects reported in our study. Another 

hypothesis could be related with the combined effects of complex mixtures, due to possible 

interaction of different nature. (Ternes,1998). 

Other factors that could influence the result of the present study may be associated with the 

high concentration of organic matter such as phosphate, ammonia, nitrates, causing 

eutrophication at the critical points of the rivers; thus, affecting the development of fish this 

high concentration of organic matter. Phosphate from contaminated waste water may in fishes 

and other aquatic animal cause die in oxygen deficient condition (Jeon et al., 2003; Oehmen 

et al., 2007). Algal blooms ultimately produce harmful toxins, additionally degradation of 

organic load by bacteria causes depletion of oxygen in water bodies, causing the mortality in 

fishes and other aquatic organism, that cannot survive under oxygen deficient condition 

(Holman et al., 2008). 

Acute toxicity of the ammonium to fishes may cause loss of equilibrium; hyperexcitability; 

increased breathing rate, cardiac output and oxygen uptake (Alabaster & Lloyd 1992, Thurston 

& Russo 1983, USEPA 1986) Ammonia has been reported to be toxic to freshwater organisms 

at concentrations ranging from 0.53 to 22.8 mg/L (USEPA,2010). 

 

These high amounts of nutrients detected mainly in the mid and low points at the Matasnillo 

and Curundú exceed the maximum limits by the Directive of Water of the European 

Commision, 2009. The anthropogenic activities that are the main cause of such contamination 

in this river mainly its middle and low part, are related with urbanizations, commerce and 

constructions that lead to the discharge of waste without or with little treatment, increasing the 

nutrient load, positioning them as the most contaminated in the city of Panama. Tapia and 

Tocumen rivers, being further away from the city, their nutrient load is affected in the middle 

and low points resulting from the dumping of household waste and industrialism rich in organic 

matter, since there are factories producing meals, animal husbandry, factories of oils, glass, 

ice cream, also receive in their lower part discharges of domestic effluents from the 

urbanizations near this part of the river, that leads to an increase in these nutrients of organic 

matter, unlike the high part that has nearby activities with low-intensity animal husbandry and 

farming. 

Panama has Standards established by the General Direction of Industrial Standards and 

Technology, Panamanian Commission of Industrial and Technical Standards (DGNTI-

COPANIT 35-2000), which establishes effluent discharges to surface and underground water 

bodies in an appropriate manner; This confirms that Panama does not escape the problems 

presented by several countries, about the inefficiency of its wastewater treatment plants in the 
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elimination of these pollutants, complicating the situation due the residues organic compounds 

and EC. Therefore, the environmental risk assessment and the strategy to control imput 

sources of contamination could be viewed from a joint approach, and not as the risk associated 

with each of these substances separately. (Cleuvers, 2003; Brain et al., 2004).  
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5. Final considerations 

In the present study four rivers were selected of the nine most important in the Panama 

province. Most of these rivers receive urban and industrial effluents from multiple sources. 

The results obtained here, using a combination of embryo bioassays with D.rerio and the 

analytical determination of nutrients and EC, confirms that the Matasnillo and Curundu rivers 

show a high degree of contamination in contrast the Tocumen and Tapia rivers, show a lower 

level of contamination, confirmed by the analyses, which agree with the toxicity tests 

performed with D.rerio.  

The findings reported here support the use of embryo bioassays as a high throughput 

approach to prioritize water bodies that should go through more detailed screening. This 

approach could also be important to support the establishment of quality criteria for the 

protection of aquatic life, which can subsequently be used to set environmental quality 

standards. Although the analytical focus has been on nutrients and ECs, we cannot exclude 

the possibility that legacy contaminants, such as PCB, PAH and metals could also contribute 

to the overall toxicity observed in the embryo bioassays.  

Panama has a high percentage of the population that suffers from heart disease, hypertension, 

among others. Most of the drugs used are excreted in the urine and discharged into the 

environment, thus can be one of the important factors that have influenced the presence and 

the consequently detection of these ECs in this study. 

The unbridled use of medicines and pesticides, facilitates the continuous entry and 

persistence, into the water bodies, including their degradation products. At the present in many 

regions, including Panama, there is a lack of knowledge about its effects, the absence of 

regulations that determine the maximum permissible concentrations in the discharges, as well 

the specific treatments applicable for their disposal.   

In Panama, the information and ecological consequences of the entry of these substances to 

the water bodies are scarce, which should lead to more detailed investigations to identify 

potentially hazardous environmental EC´s, allowing the necessary mitigation measures to be 

taken to protect the aquatic environments for these pollutants. 
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