
Liver Histopathology in Brown Trout (Salmo trutta f. fario)
from the Tinhela River, Subjected to Mine Drainage
from the Abandoned Jales Mine (Portugal)

J. Carrola Æ A. Fontaı́nhas-Fernandes Æ
P. Matos Æ E. Rocha

Received: 18 May 2007 / Accepted: 8 April 2009 / Published online: 24 April 2009

� Springer Science+Business Media, LLC 2009

Abstract The objective of this study was to compare the

occurrence of toxicopathic liver lesions in brown trout

(Salmo trutta fario) from Tinhela River near the Jales

Mine, both before implementation (2002) and after com-

pletion of the governmental mitigation program (2006).

Fish were caught in April 2002 and May 2006, using an

electrofishing system at four sites: S0, reference station;

S1, S2 and S3 as contaminated stations. In 2002, the he-

patosomatic index (HSI) was significantly higher for trout

captured at the contaminated sites S2 and S3 than in S0.

After the rehabilitation program, the HSI of fish sampled at

the contaminated sites did not differ from the reference

group. The liver of trout caught at S0 exhibited the normal

parenchymal and stromal architecture described for the

species and there were no pathological abnormalities. In

contrast, fish sampled at S3 and S2 sites had diverse toxi-

copathic alterations. Specifically, livers from the two con-

taminated sites showed bile duct hyperplasia, often with

mild epithelial dysplasia and fibrotic adventitial sleeve,

foci of smaller and more basophilic hepatocytes and foci of

hepatocellular necrosis; the latter conditions were fre-

quently associated. Compared with the reference animals,

increased hepatocellular vacuolization was found in livers

from the polluted sites. Histopathological examination

revealed differences among sampling sites in the severity

and diversity of hepatic lesions clearly related to the

proximity of the tailings. No pathological alterations were

observed in the livers of brown trout caught in the same

four areas of the Tinhela River after the mitigation program

in 2006. In conclusion, our results supported that drainage

from the abandoned Jales Mine had deleterious toxico-

logical effects in brown trout. Our data suggested that the

governmental mitigation program may have reduced the

impact of Jales tailings.
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Metal mining activities have been linked to serious impacts

on the environment, which often persist for several decades

after metal exploitation has ceased (Brumbaugh et al. 2005).

Metal pollution resulting from mining operations has well-

known negative effects on water quality, as well as the flora

and fauna, reducing biodiversity and impairing beneficial

uses of surface and groundwater (Amisah and Cowx 2000;

Gemici 2004; Brumbaugh et al. 2005; Concas et al. 2006).

Mine drainage is a complex issue, because it incorporates

different stress factors and mechanisms (acidity, rocks

reactivity, chemical reactions of acid generation, microbial

catalysis and leaching of the weathering products, and

chemical toxic effects from metals), all of which can affect

direct or indirectly the aquatic ecosystems. The effects of
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contamination from inactive and/or abandoned mine sites

occur at all levels of biological organization, and there are

several potential and specific indicators that can be studied

at each level (Clements 2000; Solà and Prats 2006).

Gold mining in the Portuguese Jales area dates back to

Roman times, and gold has been extensively exploited

from 1933 to 1992. During this period, 25 tons of gold and

100 tons of silver were recovered (Santos-Oliveira and

Ávila 1995). On the site, 320,000 m3 of mine residue

(containing high concentrations of As, Cd, Cu, and Zn)

were deposited on 14.4 ha of tailing area (Bleeker et al.

2002; Mench et al. 2003). Abandoning mining activities

and tailings maintenance significantly increased tailing

erosion and pollution of water bodies. The Tinhela was one

of the rivers that were subjected to prolonged mineral

drainage. As a persistent source of chemicals, contami-

nated sediments in surface waters pose a risk to human and

environment health. Several experiments were made to

evaluate the toxicity of soils from the Jales tailings, as well

as the remediation and vegetation of this area (Loureiro

et al. 2005). However, no studies related the impact of trace

elements from the abandoned Jales Mine on local aquatic

ecosystems, namely in fish.

Heavy metals occur naturally in the environment in

trace amounts and most of them are essential for the normal

metabolism of fish, but high concentrations induce direct

toxicity (Schmitt et al. 2007). The amount of heavy metals

in environmental compartments is significantly increased

by several anthropogenic activities, such as mining and

mineral processing operations. It is known that metals can

be taken up by fish from water, food, sediments and sus-

pended particulate material (Hardersen and Wratten 1998;

Bu-Olayan and Thomas 2005). Sub-lethal concentrations

of metals cause multiple negative effects in wild fish and

impact, practically all vital functions, with consequent

alterations being seen, for example, at biochemical or

histological levels (Amin et al. 2003; van der Oost et al.

2003; Hansen et al. 2007).

Liver plays an important role in vital functions, basic

metabolism and accumulation, transformation and excre-

tion of contaminants (Moon et al. 1985; Triebskorn et al.

1997). Liver histopathology is a biomonitoring tool that

provides assessment of environmental stressors effects on

wild fish populations, and it was even proposed to be one of

the most reliable indicators for fish health impairment

caused by anthropogenic activities (Hinton and Laurén

1990; Fernandes et al. 2008).

Portuguese authorities have recently ended a mitigation

working program at Jales Mine, for minimizing its adverse

impacts on river environment and air quality. The aim of

this program was to modify the tailings deposit area,

reorganizing it in different layers with lesser slope and

covering the tailing with special geotextiles and

geomembranes to limit access of both water and oxygen to

the tailings. Later on, all area was covered with not con-

taminated soil to allow plants growth, and reduce erosion

and negative visual impacts. Remediation efforts planned

and implemented in the Jales area are dictating needs for

monitoring, including biomonitoring, for gathering solid

data to support and assess the progress in mitigation efforts

and to identify any environmental impacts of remediation.

With regard to this mitigation program, the goal of this

study was to utilize histopathology to assess the occurrence

of toxicopathic liver lesions in endemic brown trout (Salmo

trutta fario) from Tinhela River, before implementation

(2002) and after completion (2006) of the governmental

mitigation program. In this vein, this study contributed to

assess and describe the potential negative biological effects

exerted by the toxic mine drainage and the benefits on fish

health status derived from the rehabilitation program.

Materials and Methods

The sampling stations selected for this study were located

along the Tinhela River, close to the abandoned Jales mine

in the northeast of Portugal (Vila Pouca de Aguiar,

N41�4704000; W07�5708700). One of the four selected sites

was upstream of the mine (reference station, S0) and the

other three were downstream of the tailings drainage (S1,

S2 and S3) (Fig. 1). S1 was the more heavily contaminated

site and was located nearest the mine, with greater chem-

ical stress. Sites S2 and S3 were identified as contaminated

sites and were located below the tailings. These areas were

chosen because they were the most directly affected by the

mine tailings and were free of other pollution sources, such

as industrial or urban sewage.

Brown trout specimens were collected during the first

week of April 2002, prior to the spring runoff, when this

trout is reproductively quiescent. Animals were also col-

lected in May 2006, after the conclusion of mitigation

works. Fish were caught from the entire stream reach,

according to time and distance criteria, using pulsed DC

backpack electrofishing equipment with a DC-500 V gen-

erator. Sampling time ranged from 45 to 90 min, depend-

ing on stream size and complexity. The objective was to

collect a representative sample of fish assemblage by

methods designed to sample all except very rare species.

For the histopathology analysis, only fish of comparable

size (10–20 cm) were selected, randomly, from the elec-

troshocked sample at each site. By gonad analysis, the fish

were compatible with being late juveniles/young adults.

Characterization of environmental parameters was made

at each site according to Cortes (1992). Once caught, fish

were anaesthetized with 3-aminobenzoic acid ethyl ester

methanesulfonate (MS-222) and their fork lengths and
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weights were measured. Livers were quickly removed

under deep fish anesthesia and weighed before the pro-

cessing for histological analysis. The hepatosomatic index

(HSI) was calculated as: 100 9 (liver weight/body

weight).

Livers were fixed in Bouin’s fixative during 24 h, at

room temperature, being cut into 3–4 mm thick slices that

were processed for paraffin embedding. Then, 5 lm thick

sections were made in a rotary microtome (Leica RM 2135),

stained with haematoxylin eosin (H&E), and mounted on

glass slides for light microscopy (LM) scrutiny. Sections

sampled from diverse blocks were studied. Microphotog-

raphies were taken with a Nikon 4500 Coolpix digital

camera coupled to a Nikon Eclipse E 600 microscope.

For statistical analysis, it was used the software SPSS

11.0. The HSI and CF data were log transformed to grant

normality and homogeneity of variance before ANOVA.

Tukey’s tests were conducted to compare mean values of

HSI and CF between different sites.

Results and Discussion

No trout or other fish were captured at S1 site, the closer

local to the mine tailings area. There were no significant

differences in body length or weight for fish captured at

sites S2, S3 and reference site (S0). Necropsy analysis

showed neither external nor internal gross lesions. Fur-

thermore, no skeletal abnormalities were observed on

external examination.

Table 1 show that the HSI in 2002 was significantly

higher for trout captured at the contaminated sites S2 and

S3 than in the reference site S0. In contrast, after the

rehabilitation program, the HSI of fish sampled at the

former site S2 did not differ from the reference group. As

to the CF before the mitigation program, the values from

S2 and S3 were significantly different from that in ‘‘con-

trols’’. The CF value reflects the growth and energy

reserves of feral fish (Giguère et al. 2004), and the lower

CF can be herein associated to the increased metal levels

downstream, indicating a chronic exposure and the direct

and indirect metabolic impact.

Among other, Mayer et al. (1992) demonstrated that

other morphometric parameters, such as the HSI, are

sometimes indicative of toxicant effects. Exposure to many

kinds of pollutants, like PAHs and PCBs, and also heavy

metals, can result in an increase of the HSI of fish, although

exposure to others can reduce the HSI when comparing to

reference animals. For instance, Norris et al. (2000)

observed significant differences in HSI by sex and site,

with larger livers (higher HSI) being observed in fish living

at the uncontaminated site. Anyway, experimental studies

dealing with different pollutants also showed a signifi-

cantly increase of the HSI in exposed fish (Gadagbui and

Goksøyr 1996; Figueiredo-Fernandes et al. 2006a).

Our data may suggest that the higher HSI values in trout

at S2 and S3 are connected with exposure to pollutants

from mine and tailings drainage, in connection to the

metabolic disturbances and/or demand, induced by the

toxicants. The causal interpretation for the increased HSI is

supported by several authors, despite differences found in

other studies. For example, Stephensen et al. (2000) con-

sidered that the higher HSI found in sculpin (Myoxoceph-

alus scorpius) caught in polluted waters were indicative of

Fig. 1 Map of the study area, located in the Douro Hydrographic Basin, Portugal, showing the sampling sites: Fraga-do-Borralheiro (FB, station

S0); Peliteira-Tinhela (PT, station S1); Reboredo (RE, station S2); Murça (MU, station S3)
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increased hepatic activity and xenobiotic biotransformation

with activation of some enzymes. On the other hand, Yang

and Baumann (2006) found no trend the HSI of brown

bullheads (Ameiurus nebulosus) between industrialized and

non-industrialized sites in Lake Erie tributaries.

The liver of trout caught at the reference site (S0)

exhibited the normal parenchymal and stromal architecture

(Fig. 2a) described for the species, including the regular

presence of rodlet cells (RC) in the bile ducts epithelia

(Rocha et al. 1994a, b, 1995); no pathological abnormali-

ties existed. Hepatocytes showed a homogenous aspect

throughout the sections, with a cytoplasm that varied

(within normal ranges) from poorly to moderately rich in

lipid and/or glycogen deposits, and with a large central or

sub central spherical nucleus.

In contrast to S0, fish sampled at S3 and especially at S2

sites consistently had diverse presumptive toxicopathic

alterations. Specifically, livers from the contaminated sites

showed focal bile duct hyperplasia, often with mild epi-

thelial dysplasia and especially with a thickened (fibrotic)

adventitial sleeve (Fig. 2b), also foci of small and baso-

philic (regenerative) hepatocytes (Fig. 2c), and foci of

(often perivascular but also sometimes subcapsular) hepa-

tocellular necrosis (Fig. 2d); with the latter condition and

basophilic hepatocytes being frequently associated. In

addition, rare inflammatory (essentially lymphocytic) foci

and rare distinct (bordered) granulomas also existed (a

parasitic nature could not be disclosed), in which scattered

extra-epithelial RC coexisted with inflammatory-stromal

cellular populations (Fig. 2e, f). Finally, compared with

reference fish, a much greater hepatocellular vacuolization

was found in the livers from the two polluted sites

(Fig. 2g), namely in the S2 station, indicating a trend to

mild lipidosis (Hinton and Laurén 1990).

A comment is pertinent about the RC. Whereas the

exogenous hypothesis considers RC parasites, the endog-

enous hypothesis regards them as a genuine fish cell pop-

ulation with a secretory and/or leukocyte function (Mazon

et al. 2007). In our study, RC do not seem to have a more

regular presence in animals from polluted waters when

compared with ‘‘control’’ fish, except in the above cited

rare granulomas.

Despite the limited number of trout that could be sam-

pled at the diverse stations, the liver histopathology

examination was quite consistent, and clearly revealed

differences among sampling sites, such that the severity

and diversity of lesions was clearly related with the prox-

imity to the tailings. Hepatocellular necrosis was found

only in fish caught at both contaminated sites before mit-

igation, but it clearly predominated near the Jales Mine, at

the S2 site. As referred, no fish were caught in the nearest

site from the mine tailings (S1). In our opinion, facing the

electrofishing efforts that were made, this occurrence is a

consequence of the local deleterious effects of the tailings

drainage caused by rain erosion. In fact, there was an

obvious decrease in the number of hepatic lesions further

downstream from the mine and tailings, strengthening the

suspected mine-related effect.

Little is known about liver histopathological changes

caused by chronic exposure to mining effluents, despite

published data revealing deleterious effects from exposure

to selected metals. For example, van Dyk et al. (2007)

found in Mozambique tilapia (Oreochromis mossambicus)

liver lesions that included hepatocyte hyalinization, vacu-

olation, cellular swelling, and congestion of blood vessels.

The intensity of these changes was influenced by the extent

of the exposure period to cadmium and zinc.

Moreover, Payne et al. (2001) found several liver lesions

in lake trout (Salmo namaycush) taken from a large iron-

ore contaminated area. Specifically, they found liver peri-

vascularitis, cholangitis, eosinophilic foci and bile duct

hyperplasia in lake trout exposed to the metal mining

effluents.

The alterations observed in our study are often used as

histopathological biomarkers in freshwater fish popula-

tions, such as in largemouth bass (Micropterus salmoides)

caught at contaminated sites (Teh et al. 1997). Liver lesions

that solely appeared at polluted locations included bile duct

hyperplasia, islands of hyperplastic basophilic hepatocytes,

lipidosis, and also the rare granulomas. Besides, the

Table 1 Morphological parameters of brown trout caught at the biomonitored sites of the Tinhela River (Portugal) before and after imple-

mentation of mitigation program

Sites S0 (2002) S2 (2002) S3 (2002) S2 (2006)**

Fish (number) 6 8 9 7

Length (cm) 12–18 8–21 9–16 14–22

Weight (g) 17–55 6–63 8–68 26–129

Hepatosomatic index (HSI)* 0.8 ± 0.2a 1.5 ± 0.6b 1.8 ± 0.4b 0.9 ± 0.4a

Condition factor (CF)* 1.3 ± 0.2a 0.7 ± 0.3b 0.8 ± 0.4b 1.5 ± 0.4a

* Values in each row with the same superscripts or no subscripts are not significantly different (p \ 0.05)

** S2 values from 2006 were compared with control fish caught in 2006. HSI and CF data are presented as mean ± SD
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Fig. 2 Liver photomicrographs from brown trout (Salmo trutta fario)

sampled in Tinhela River before (a–g) and after (h) implementing

Jales mitigation program. a ‘‘S0 liver’’ illustrating the normal (non-

vacuolated) parenchyma; b ‘‘S2 liver’’, showing a (non-hilar) focus of

mild hyperplasia of bile ducts (BD), with a thick fibrotic sleeve (*); c
‘‘S2 liver’’, depicting a band of more basophilic hepatocytes, the outer

part of which is associated to some necrosis (*); d ‘‘S2 liver’’, with a

necrotic focus (*) bordered by distorted parenchyma. e Liver with a

vacuolated parenchyma and an inflammatory focus with well-defined

borders (arrows) and a complex cell population within, that includes

rodlet cells (circle); f magnification of the focus in e, showing rodlet

cells (arrows) amidst inflammatory and stromal cells; g ‘‘S2 liver’’,

showing the parenchyma of fish with general vacuolization; h liver

sampled after mitigation, with the normal hepatotubular network of

the (non-vacuolated) parenchyma being particularly evident, eventu-

ally mixed with a multicell thick muralium architecture. H&E,

Bar = 10 lm
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majority of the histological abnormal changes identified in

this study are similar to those observed in fish exposed to

chemical contaminants in several field studies (Teh et al.

1997; Stentiford et al. 2003), as well as in our own con-

trolled laboratory experiments with Nile tilapia exposed to

diverse pollutants (Figueiredo-Fernandes et al. 2006a, b;

Matos et al. 2007). All the above evidence strengthens our

interpretation that most of the lesions found herein in

brown trout liver had a toxicological aetiology.

No pathological alterations were observed in the livers

of brown trout caught in a former polluted area of the

Tinhela River after the mitigation program implemented by

the local authorities from 2003 to 2006. In fact, all trout

caught in 2006 in the S2 station had livers with both a

normal stroma and parenchyma (Fig. 2h), thus contrasting

with the lesions commonly found in the specimens caught

in 2000 in the S2 and S3 stations.

In conclusion, our results strongly supported that

drainage from the abandoned Jales Mine had deleterious

toxicological effects in local fish, as no fish were caught

in S1, and trout captured at S2 and S3 showed an

increased HSI, decreased CF and liver changes/lesions,

when compared to the reference area (S0). The data

reinforces the negative impacts on aquatic ecosystems

from exposure to heavy metals. Finally, data from 2006

suggested that the governmental mitigation program may

have reduced the impact of Jales tailings erosion. In any

case, monitoring and biomonitoring of the Tinhela River

using multiple endpoints and indicator species will be

continued over the next years to analyze better the impact

of the governmental restoration program for the aban-

doned Jales Mine.
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