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ABSTRACT 

Cadmium and lead in European eels from the river Segura (southeast Iberian Peninsula).
 
European eel (Anguilla anguilla

KEY WORDS:

RESUMEN

Cadmio y plomo en anguila europea del río Segura (Sureste de la Península Ibérica). 
 
Las poblaciones de anguila europea (Anguilla anguilla) han sufrido una fuerte disminución (90-99%) en los últimos 40 años. 
Sin embargo, en los últimos años se ha vuelto a detectar en el río Segura (España), tanto en el río principal como en cauces, 
canales de riego y acequias que drenan la Huerta de Murcia. Aunque la calidad del agua de estos hábitats ha mejorado, 
no hay datos sobre las concentraciones de metales pesados en las anguilas de estas zonas. Por tanto, en este estudio se 
midieron las concentraciones de plomo (Pb) y cadmio (Cd) en la sangre, el hígado y los músculos de anguilas de tres hábitats 
diferentes: río (n=23), canales (n=13) y acequias (n=9). El Pb se encontró en más ejemplares que el Cd, mientras que tanto 
las concentraciones de Pb como de Cd fueron bajas, siendo similares o incluso inferiores a las de las zonas no contaminadas. 

y de canal, no hubo un patrón general en los hallazgos para estos dos elementos en la dinámica corporal de la anguila.
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INTRODUCTION

The European eel (Anguilla anguilla) is a cata-
-

-
lantic Ocean) and their larvae are then transport-

-

to conduct their reproductive migration back to 

-
ertheless, all these stages are under threat since 

IUCN threatened species Red List (Pike et al., 
2020). Possible causes include changes in climate 

Anguillicola crassus, 

(ICES, 2007; Geeraerts & Belpaire, 2010). 
-

and pollutants (Geeraerts & Belpaire, 2010). In 
general, the accumulation of pollutants can have 

-
mobilized during the eel’s reproductive migra-

2005; Geeraerts & Belpaire, 2010; Freese et al., 
2016), gonad maturation (Pierron et al., 2008, 
2009; Baillon et al., 2015), locomotion (Van Gin-

-

and muscles, depending on the contamination 
-

mans, 2007; Geeraerts & Belpaire, 2010). Previ-
ous studies have suggested that eels accumulate 

1990; Collings et al., 1996; Pérez Cid et al., 2001; 
Usero et al., 2004; Durrieu et al., 2005). 

The river Segura (SE Spain) is characterized 
-
-

had become one of the most polluted rivers in Eu-
-

PALABRAS CLAVE: anguila europea, hígado, metales pesados, músculo, río Segura.

This is an open-access article distributed under the terms of the Creative Commons Attribution-NonCommercial 4.0 International (CC BY-NC 4.0) License.

Figure 1. Location of the sampling areas around the river Se-
Localización de las 

zonas de muestreo en el entono del río Segura y sus canales 
de irrigación.

https://creativecommons.org/licenses/by-nc/4.0/
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and native species such as the European eel have 
returned (Verdiell Cubedo & Parrondo Celdrán, 
2018a, 2018b). Cadmium and lead have been 
reported in agricultural soils in the area and in 
crabs from this river (Mico Llopis et al., 2006; 

-

(irrigation channels) and drainage ditches inhab-
-

an eel. Therefore, the concentrations of lead and 

habitats, so it is important to evaluate the concen-
-

-
-

Cd in the blood, liver and muscles of European 

-

MATERIAL AND METHODS

Sample collection

-

experimental animals (European Union, 2010). 
-

dling and stress. The licence for the handling of 

General for Natural Environment of the Autono-
-

olution auf/2018/0010). 
After being anesthetized and then euthanized 

(MS222) at 100 mg/L, the total length to the near-

-

-

-

Metal analysis

submitted to acid digestion using trace mineral 
O -

-

Optical Emission Spectrophotometer (ICP-OES, 

-

CE278k.

Data analysis

® SPSS® Statis-

-
ometric data and geometric means and standard 
errors for metal concentrations. In the chemical 

Kolmogorov-Smirnov and Shapiro-Wilk tests 

-

0.05.

Table 1. Biometric data of European eels from river Segura. Datos 
biométricos de las anguilas del río Segura.

Habitat Weight (g) Total length (cm)

Whole (45)

www.ibm.com
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RESULTS

The biometric data of the sampled European eels 

of Pb and Cd and the percentage of the samples 

in Table 2. 

muscle. For blood and tissues, Pb concentrations 

Pb concentrations from the  river and canal eels, 
-

centrations of both metals. 

Table 2. Cadmium and lead concentrations in blood, liver and muscle of European eels from the river Segura and percentage of the samples above 
the detection limit (DL). Concentraciones de cadmio y plomo en sangre, hígado y músculo de anguila europea del río Segura y porcentaje de mues-
tras por encima del límite de detección (LD).

n %>DL (Cd/Pb) Cd Pb

Whole population

Blood 44 50/100
0.002 ± 0.010

(nd-0.428)

0.074 ± 0.034

(0.015-1.208)

Liver 40 95/100
0.025 ± 0.023

(nd-0.922)

0.164 ± 0.176

(0.035-7.166)

Muscle 40 10/85
0.001 ± 0.001

(nd-0.039)

0.012 ± 0.004

(nd-0.102)

River

Blood 22 54.5/100
0.002 ± 0.007

(nd-0.157)

0.089 ± 0.038

(0.015-0.711)

Liver 22 100/100
0.037 ± 0.040

(0.008-0.922)

0.216 ± 0.317

(0.035-7.166)

Muscle 23 0/91.3 nd
0.014 ± 0.005

(nd-0.091)

Canal

Blood 13 38.5/100
0.002 ± 0.033

(nd-0.428)

0.068 ± 0.096

(0.015-1.208)

Liver 12 83.3/100
0.010 ± 0.004

(nd-0.051)

0.105 ± 0.014

(0.061-0.213)

Muscle 11 18.2/72.7
0.001 ± 0.004

(nd-0.039)

0.007 ± 0.008

(nd-0.074)

Drainage ditches

Blood 9 55.6/100
0.003 ± 0.009

(nd-0.081)

0.055 ± 0.014

(0.019-0.135)

Liver 6 100/100
0.035 ± 0.027

(0.007-0.171)

0.149 ± 0.021

(0.072-0.210)

Muscle 6 33.3/83.3
0.001 ± 0.001

(nd-0.006)

0.020 ± 0.014

(nd-0.102)

nd
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-

p
-

p

-
p

p

p<0.01). In specimens 
-

p<0.05) for the total length/Cd 

(p -
centrations in the blood. 

the liver of specimens from the canals and drain-

p
and total length) and Cd concentrations in blood 

p
the blood of specimens from the drainage ditches 

p
and Pb concentrations in the muscles of eels from 

p<0.05). In each of 
these  cases, the numbers of eels used for the cor-

DISCUSSION
 

-
dant species in the river Segura and its irrigation 

these habitats (Torralva et al., 2005) due, among 
other causes, to pollution in this river basin. Nev-

population of the European eel back to this riv-
er and its irrigation channels (Verdiell Cubedo & 
Parrondo Celdrán, 2018a, 2018b), although to the 

-

(see Romero et al., 2020). Nevertheless, Cd and 

rivers, coasts, and lagoons (Table 3), although, 

eels from the Mar Menor lagoon (Romero et al., 
2020). The hepatic concentrations of both metals 

canals (p

migrate into the irrigation canals and then into the 

-
cumulation.

-
-

son, 1990; Sánchez et al., 1998; Bordajandi et 
al., 2003; Maes et al., 2005, 2008; Mancini et al., 

al. (2007), Boscher et al. (2010) and Yildiz et 
al. (2010). On the other hand, element levels in 

et al., 2010; Genç & Yilmaz, 2017; Romero et al., 

-
toxication organ.

Blood has a great importance in ecotoxicol-
-

cent exposure to environmental pollutants such 

measured Pb and Cd concentrations in eel blood 
(Zimmermann et al., 1999; Ureña et al., 2007). 
Lead concentrations in the blood of eels from the 
river Segura and its canals and drainage ditches 

-
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eels from the Albufera de Valencia lagoon (Spain) 
-

tomidae sps.) from streams in the USA, Pb blood 

Cyprinus car-
pio Ictalurus punctatus) and 
largemouth bass (Micropterus salmoides) from 

concentrations (Brumbaugh et al., 2005). When 
converting the results from these other studies to 

In addition, the Cd levels in blood (all three habi-

(2005) and Schmitt et al. (1993) at reference sites. 
Blood samples give information on elements at 
the exact time of sample collection (Vermeulen 
et al., 2009), so our results are relevant as a ref-
erence for the current eel population of this river 
and its recolonization. 

-
-

al authors (Baptista et al., 2019), biological and 

trace elements. In fact, the decrease in elemental 

-
tions in species such as Atherina hepsetus (Canli 
& Atli, 2003), Mola mola (Baptista et al., 2019) 

2020), and for Cd concentrations in eel tissues 

-

-
-

these metals.
European eels are considered to be good 

(Linde et al., 1996; Esteve et al., 2012). In other 
species such as the blue crab (Callinectes sapi-
dus

for Cd and 8.5 for Pb (liver vs. hepatopancre-

Pb (muscle) (Genç & Yilmaz, 2017; Salvat-Le-
al et al., 2020) (but not for Pb concentrations in 

2020). Despite this, Genç and Yilmaz (2017) 
have described the European eel as the species 

-
oaccumulation index in livers.

-

-

of determining the levels of hazardous metals in 
foods that could entail a risk for human health. 

-

-
tems such as the Mar Menor lagoon (Murcia, 
Spain) (Romero et al., 2020). According to Euro-
pean legislation, the maximum safe level for Pb 

eels from the three studied habitats did the levels 
-

olds and so the consumption of these specimens 
does not represent a health risk for humans. 

In conclusion, eels from the river Segura do 
not seem to be endangered due to Pb and Cd pol-

the environmental characteristics of each hab-

-
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-
tabase and therefore could be useful for species 
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