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 Different living organisms are used as applicable bioindicators to determine heavy 
metal pollutions. Recent studies have shown that helminths parasites can be used as 
efficient environmental sentinels. This study aimed to evaluate Fasciola hepatica and 
Dicrocoelium dendriticum as bioaccumulators of lead (Pb), chromium (Cr), cadmium (Cd), 
copper (Cu). For this work. A total of 50 samples (F. hepatica, D. dendriticum, and livers 
from the infected and uninfected sheep, each of 10 samples) were collected from sheep 
slaughtered in Tabriz abattoir. One gram of each sample was incinerated and analyzed by 
Flame Atomic Absorption Spectrometry. The analysis of samples showed that Pb, Cr and Cu 
values in F. hepatica were higher than those in D. dendriticum, but only the differences of 
Pb and Cu were significant. The values of heavy metals in F. hepatica were significantly 
higher than those in the infected livers (except for Cd), while in D. dendriticum, Cr and Cd 
were only higher. Based on metal levels in livers, it was found that bioconcentration factors 
(BCFs) of Cr, Pb and Cu for F. hepatica were much more than one, and BCFs of these three 
metals between two flukes were statistically significant. This study indicated that F. 
hepatica had a higher bioindicator potential than D. dendriticum to evaluate environmental 
pollutants by some metals. 

 © 2022 Urmia University. All rights reserved. 
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Introduction 
 

Heavy metals are of the natural composition of the 
earth's crust. Although they are in various concentrations, 
most of environmental contaminations result from 
uncontrolled and unconventional anthropogenic activities. 
Heavy metals are now considered as “detrimental 
contaminants of the environment” due to their toxicity, 
high biological capacity, and stability.1,2 Humans and 
animals exposure to heavy metals leads to a variety of 
biological and health complications. Some heavy metals act 
as cofactors in many enzymatic reactions and are essential 
to maintain various functions when they are in very low 
levels, while exceeding certain threshold concentrations 
can be associated with serious threats to humans and 
animals, such as delayed growth, cardiovascular disorders, 
damage to nervous system, immune system, kidney, and 
finally death.3-5 

 

 Biomonitoring is currently a significant assignment to 
distinguish potential dangers of heavy metals. Different 
living organisms are used as bioindicators or efficient 
environmental sentinels mainly in aquatic ecosystems and 
partially terrestrial habitats.6,7  

 Several researchers have found that helminthic 
parasites are good biological indicators to monitor heavy 
metal pollutions.3,7-15 Because these worms have higher 
potential to absorb heavy metals from their environment 
than their hosts, therefore helminthic parasites can be 
considered as promising applicable bioindicators to detect 
environmental pollutions.2,7 Among helminthic parasites, 
commonly acanthocephalans, nematodes and cestodes of 
fish, and partially mammalian cestodes have been 
investigated, and the studies have resulted that cestodes 
and acanthocephalans, in particular, have an enormous 
heavy metal accumulation capacity.14 However, the 
findings are preliminary and need to be confirmed by 
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further studies using distinct species of helminthic 
parasites, particularly trematodes, under equal conditions. 
Despite the importance of environmental pollutions 
caused by heavy metals and consequently the pathological 
effects of theses pollutants on humans and animals, few 
studies have been conducted on the terrestrial mammalian 
helminthic parasites as the potential bioindicators to 
identify heavy metals,12 and these studies are limited to 
cestoda-mammalian models.7 This study aimed to evaluate 
and compare Pb, Cr, Cd and Cu in the liver trematodes (F. 
hepatica and D. dendriticum) and livers of slaughtered 
sheep in Tabriz abattoirs, East Azerbaijan province. The 
liver trematodes potential as bioindicators of heavy metals 
was also determined. 
 
Materials and Methods 
 

Sampling. From December 2019 to February 2020, 
adult helminths (F. hepatica and D. dendriticum) were 
collected separately from infected livers of 10 sheep 
slaughtered at Tabriz abattoir, East Azerbaijan province, 
Iran. Simultaneously, 30 samples were taken from the 
livers of the infected (n = 10) and uninfected (n = 10) 
sheep. The collected samples were transferred to the 
Faculty of Veterinary Medicine, University of Tabriz. The 
samples were washed separately in phosphate-buffered 
saline (pH 7.30) and stored at – 26.00 ˚C.15  

Sample preparation. The frozen samples were 
transferred to the Analytical Chemistry Laboratory of the 
Faculty of Chemistry, University of Tabriz, Tabriz, Iran. 
After thawing, one gram of each sample was weighed and 
dried (subjected to ethanol 70.00 ˚C for 5 min, ethanol 
90.00 ˚C for 10 min, finally acetone for 1 hr).13 To 
incinerate, dried samples were transferred to the crucibles 
(crucibles were already floated once in diluted HNO₃ 
(Merck, Darmstadt, Germany), washed with ddH2O 
(produced by Faculty of Chemistry, University of Tabriz, 
Tabriz, Iran), and then thoroughly dried). The crucibles 
were then transferred to a muffle furnace to be incinerated 
samples at 600 ˚C for 4 hr. The contents of the crucibles 
were transferred to falcon tubes and dissolved in 5.00 mL 
of 60.00% HNO₃; the tube volume was finally brought to 
25.00 mL using ddH2O. 

Determination of heavy metals. The samples were 
analyzed using flame (air-acetylene) atomic absorption 
spectrometry (novAA 800; Analytik Jena AG, Jena, Germany).   

 Firstly, the spectrometer was pre-calibrated by certified 
standard of each metal. After homogenizing prepared 
solutions, the samples were injected to flame atomic 
absorption spectrometry and the absorbed value of each 
metal was recorded. The procedure was repeated three 
times to accurately measure the concentration of heavy 
metals in all samples. The selected operational indicators of 
spectrometry to determine the considered metals were as 
follows; Pb: Wave Length (WL) = 283.30 nm, Current (C) = 
0.50 mA, Gap Width (GW) = 3.00 nm; Cr: WL = 357.90 nm, 
C = 0.50 mA, GW = 5.00 nm; Cd: WL = 228.80 nm, C = 0.50 
mA, GW = 3.00 nm; Cu: WL = 324.80 nm, C = 0.50 mA, GW 
= 3.00 nm.15  

Evaluation of bioconcentration. The bio-
concentration factor in parasites was calculated by the 
following formula:13 

Bio-concentration factor = 

Concentration of the heavy metal in 
the parasite tissue 

Concentration of the heavy metal in 
the host liver tissue 

Statistical analyses. Metal concentrations were 
expressed in micrograms per gram (µg g-1) wet weight as 

mean ± SEM. Before analyzing, the normal distribution of 
data was tested by Kolmogorov-Smirnov and Shapiro-Wilk 
tests. Data analysis was done by non-parametric tests. 
Mann-Whitney test was used to evaluate the significant 
differences of the heavy metals concentrations between 
parasites and livers. Kruskal-Wallis equality ranked test 
was used to evaluate the differences between BCFs of 
metals. Data analysis was done using SPSS Software 
(version 21.0; IBM Corp., Armonk, USA). The p < 0.05 was 
considered as significant. 
 
Results 
 

The comparison of the heavy metal values in flukes 
indicated that Pb, Cr, and Cu in F. hepatica were higher 
than D. dendriticum, but only the differences of Pb and Cu 
were significant. The values of metals in F. hepatica were 
higher than those of in the F. hepatica-infected livers, 
except for Cd. While in D. dendriticum, Cr and Cd were only 
higher than those in the D. dendriticum-infected livers. 
Significantly, Cd values in the infected livers were higher 
than those in the uninfected ones, while, Cr values were 
higher in the F. hepatica-infected livers and lower in the D. 
dendriticum-infected livers (Table 1). 

 
Table 1. The comparison of heavy metals (µg g-1) in Fasciola hepatica, Dicrocoelium dendriticum, and the infected and uninfected livers. 

Metals 
Fasciola 
hepatica 

Dicrocoelium 
dendriticum 

p-valuea 
F. hepatica 

infected livers 
P-valueb 

D. dendriticum 
infected livers 

p-valuec 
Uninfected 

livers 
p-valued p-valuee 

Pb 0.43 ± 0.04 0.14 ± 0.01 0.000 0.10 ± 0.01 0.000 0.19 ± 0.05 0.705 0.12 ± 0.00 0.059 0.290 
Cr 0.62 ± 0.08 0.59 ± 0.03 0.597 0.11 ± 0.04 0.000 0.24 ± 0.01 0.000 0.40 ± 0.04 0.001 0.002 
Cd 0.08 ± 0.01 0.09 ± 0.00 0.257 0.11 ± 0.00 0.003 0.08 ± 0.00 0.031 0.07 ± 0.01 0.000 0.000 
Cu 5.97 ± 0.61 0.87 ± 0.11 0.000 3.63 ± 1.02 0.049 4.09 ± 0.68 0.000 2.92 ± 0.34 0.762 0.151 
a p-value for F. hepatica + D. dendriticum; b p-value for F. hepatica + infected livers; c p-value for D. dendriticum + infected livers; d p-value for 
F. hepatica-infected livers + uninfected livers; e p-value for D. dendriticum-infected livers + uninfected livers.  
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The Cr BCF for D. dendriticum was higher than 1. 
Regarding F. hepatica, the BCFs of Cr, Pb and Cu were 
much more than one. The differences of BCFs between two 
trematodes were statistically significant (Table 2).  

 
 
 
 
 
 
 
 

Discussion  
 

Our results showed that Pb concentration in F. hepatica 
was significantly higher than livers. This result was 
consistent with Acosta et al., Sures et al. and Lotfy et 
al.3,12,13 The Pb value of 6.89 µg g-1 in F. hepatica was 
reported by Sures et al.12 Lotfy et al. reported the Pb values 
of 20.21 and 23.97 µg g-1 in F. hepatica and F. gigantica, 
respectively; while it was reported 6.74 µg g-1 in the 
infected livers of buffaloes.13 Also, Acosta et al. reported 
the Pb value of 20.8 µg g-1 in F. gigantica (4.7 µg g-1 in the 
infected livers of buffaloes).3 There were reliable 
evidences regarding excretion of Pb from the liver into the 
intestine of mammals and since F. hepatica lives in the bile 
ducts, this metal could be absorbed across the tegument of 
the flukes in a lipophilic form after combining with bile 
acids. Formation of the bile acid-Pb complex may indicate 
high bioconcentration of Pb in the flukes.12 Also, migrating 
immature forms of Fasciola spp. and D. dendriticum in the 
liver and utilizing the liver parenchyma as the main site of 
infection, impairs hepatic xenobiotic-metabolizing activity. 
As a result, liver damage may lead to the accumulation of 
heavy metals in the host liver.13,16 

In this work, Cu showed maximum level in F. hepatica, 
and also in the infected and uninfected livers. Lotfy et al. 
reported the Cu concentrations of 19.32 and 24.91 µg g-1 in 
F. hepatica and F. gigantica, and of 13.67 and 15.22 µg g-1 
in the livers, respectively.13 Acosta et al. also reported the 
Cu concentrations of 72.23 µg g-1 in F. gigantica, and of 
9.12 µg g-1 in the livers.3 The high Cu concentration in F. 
hepatica and in the infected and uninfected livers can be 
partially related to the ceruloplasmin acute phase 
protein.17 The Cd value in the infected livers was higher 
than those in F. hepatica and D. dendriticum. While, the Cr 
values were only significantly higher in F. hepatica and in 
the D. dendriticum-infected livers. Similar to our results, 
Sures et al. reported that Cd concentration in the infected 
livers of cattle was significantly higher than F. hepatica.12 

Conversely, Acosta et al. reported a higher Cd value in 
F. gigantica than that in the infected livers of buffaloes.3 
However, Lofty et al. reported that the Cd value in the liver 
flukes and in the infected livers of buffaloes didn’t show 
any significant difference.13 

 

 Compared to the previously reported results, in our 
work the heavy metal levels were lower in parasites and 
infected livers. Several studies demonstrated that the 
difference in the accumulation and distribution of heavy 
metals in different tissues depends on the distinct physio-
logical characteristics of tissues, duration of exposure, 
metals concentrations, and physiological conditions of the 
environmental factors in the host.7,16 However, Lotfy et al. 
attributed the difference between the metals concentrations 
(including Cd) to the different sample sizes in various 
studies.13 As our results showed, the concentrations of 
heavy metals were, totally, higher in F. hepatica than D. 
dendriticum. That may be due to the large size and highly 
anatomical difference of F. hepatica digestive tract 
compared to D. dendriticum. D. dendriticum caecum is very 
simple and without any branches, whereas F. hepatica 
possesses highly branched caecum, therefore, the area of 
the branched intestinal wall and enclosed contents in F. 
hepatica is much larger than that of D. dendriticum.18 Sures 
et al. indicated the highest Cd amount was found in Ascaris 
suum intestine. Compared to the parasite intestine, the Cd 
amounts in the reproductive system, perienteric liquid and 
body wall were very low. Thus, it appears that the 
relatively high Cd amount of the whole worms merely 
reflects the elevated concentration within the intestinal 
wall and its enclosed contents.12 

The statistical analysis of the heavy metals BCFs in the 
infected livers with two flukes showed that the highest 
BCFs of Cr, Pb and Cu were linked to F. hepatica. Although 
Cd BCF was found to be highest for D. dendriticum, it was 
either insignificant or lower than 1. Therefore, D. 
dendriticum cannot be used as bioindicator for Cd. 
Generally, our results indicated that the highest BCFs was 
mostly related to F. hepatica. Sures et al. reported BCF 
ranges of Pb and Cd in the cattle livers infected with F. 
hepatica from 4 to 80 and from 0.10 to 3.00, respectively.12 
Lotfy et al. recorded the highest BCF of Pb, Cu and Cr in F. 
hepatica and the highest BCF of Pb and Cu in F. gigantica.13 
Acosta et al. also recorded the highest BCF of Cu, Pb, and 
Cd in F. gigantica.3 

These results indicate that trematodes are able to 
accumulate heavy metals at concentrations much higher 
than those in their host. BCFs of heavy metals indicated 
that F. hepatica had higher bioindicator potential to detect 
environmental pollutants than D. dendriticum. 
Nevertheless, further studies are needed to confirm our 
findings. To our knowledge, this study is the first work to 
evaluate some of the most important environmental 
pollutants using two major trematodes in Iran.  
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Table 2. The bioconcentration factors of Fasciola hepatica and 
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Metals Fasciola hepatica Dicrocoelium dendriticum p-value 

Pb 5.06 ± 1.04 0.94 ± 0.12 0.000 
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