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Abstract

An important concern of man has become to have high-quality food for a healthy life. Fish such as rainbow trout
(Oncorhynchus mykiss) and brook trout (Salvelinus fontinalis) are an important bioindicator of pollution. The
accumulation of heavy metals represents a potential danger to public health. Trout is preferred and consumed by many
people so any possible risk of ingesting metals through food chains should be assessed. The main organs studied
according to specialized literature regarding the accumulation of heavy metals are the liver an the kidney, these organs
play an important role in preventing the transfer of heavy metals to other organs, for example muscle tissue. As is
known, the pollution of aquatic ecosystems has a direct impact on the entire aquaculture activity. Therefore, the
purpose of this study was to monitor metals present in the two trout species in different areas.

Key words: biomonitoring, brook trout, heavy metals, human health risk, rainbow trout.

INTRODUCTION

The process of human development in relation
to the environment has gradually turned into an
instrument of destruction with negative effects
on the ecosystem, through the participation of
"brutal" humanity in the irrational exploitation
of nature (Benciu, 2007). Metals in very small
quantities are useful to all forms of life, metals
enter the cell in a controlled manner in the form
of cations. A large amount of any metal causes
toxicity to the human and animal body
(Elumalai et al., 2023).

According to Kumar et al. (2024), the term
heavy metal is commonly used for metals with
a density greater than water, so heavy metals
are described as elements with densities greater
than 5.0 g.cm > and atomic masses greater than
20, of example: mercury (Hg), copper (Cu),
nickel (Ni), cadmium (Cd), chromium (Cr),
arsenic (As), zinc (Zn) and lead (Pb).
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The term "heavy" also refers to a variety of
metals, including certain metalloids, which can
be dangerous to both plants and living
organisms, even at very low concentrations.
Heavy metals are natural compounds of the
earth's crust, they reach the body of animals
and humans through various ways: food, water,
air. Their effects are bioaccumulation, the
concentration of heavy metals increases per
mass unit, they block intracellular biochemical
processes due to accumulation (Matta et al.,
1999).

Heavy metals have mutagenic and carcinogenic
properties in the body (Kumar-Sharma et al.,
2024).

According to many studies, the deterioration of
the ecosystem is primarily due to
industrialization.

The Environmental Protection Agency and the
World Agency for Cancer Research confirm
the damage to the body even at low levels of



exposure to heavy metals, the source of
contamination being feed, water and air (Abida
et al., 2009).

Heavy metals: iron (Fe), manganese (Mn),
coblat (Co), nickel (Ni), copper (Cu),
chromium (Cr) and zinc (Zn) are necessary for
metabolic activities, since they form the
cofactor for many enzymes, but their amount is
very important, because if the limit is exceeded,
they cause harm to the human body and
animals (Javed & Usmani, 2017).

According to Zeynali et al. (2009), and other
studies in the specialized literature, the factors
that influence the accumulation of heavy metals

in fish tissue can be the following:
nourishment  sources, seasonal changes,
environmental conditions (temperature,

salinity, pH) and biological variations (species,
sex, age, size) etc.

Water being essential for life, but its quality has
decreased more and more due anthropogenic
activities (Koca et al., 2005).

Heavy metals in fish in high concentrations or
by accumulation over time, cause acute and
chronic diseases, slow metabolism, damage to
the epithelial layer, gill disease, damage to liver
tissue and ulcers (Market, 2007).

Useful tools in research are: monitoring or
evaluation of heavy metals; evaluation of
health  indices, bioaccumulation, blood
biochemistry, enzymes of tissue damage
markers, genotoxicity, histopathology, water
pollution (Pandey, 2006; Falllah et al., 2011).
Fish is consumed by a large mass of the
population, including children, due to the
content of  high-quality protein  and
polyunsaturated fatty acids (Malik et al., 2010).
People are more and more cautious about the
food they consume, paying attention to the
quality of fish and seafood because they
represent an important category for a balanced
diet (Sneddon et al., 2007).

It is very important to implement remedial
approaches to mitigate the negative effects of
heavy metals, due to the bioaccumulative
power in the fish body, there are some fish
species that accumulate higher concentrations
of heavy metals, usually fish species at levels
higher trophic (Gleick, 1996; Wittmann, 1979).
The trout is a biomonitor in the case of heavy
metals confirmed by Barrientos et al., 2019;
Market, 2007 and other researchers.

Certain aquatic plants, called macrophytes, are
used for remedial purposes to remove heavy
metals from aquatic sources as an
environmentally friendly technology to reduce
heavy metal pollution (Kumar et al., 2024).
Most aquatic organisms, including trout, can
form a resistance against heavy metal pollution,
and according to Klerks & Weis (1987), we can
identify two main mechanisms: acclimatization
and adaptation.

According to studies, acclimatization is
described as an increased tolerance through
exposure to metals, which is acquired at the
individual level, through repeated and
prolonged exposure to sublethal concentrations
of heavy metals.

It should be noted that increased tolerance is
not inherited, but acquired through exposure
(Wirgin & Waldman, 2004; Hansen et al.,
2006).

The most common heavy metals that
contaminate the fish are: mercury (Hg),
cadmium (Cd) and lead (Pb), and the degree of
pollution and the feed mixture used in farms
play a major role in heavy metal contamination
(Majid et al., 2019).

Regarding the global seafood production, it
registers a continuous increase, so that the Food
and Agriculture Organization of the United
Nations estimates a quantity of 195 million
tons around the year 2025, (FAO, 2018).

As for the purpose of this study, it was to
monitor metals in brook trout (Salvelinus
fontinalis) and rainbow trout (Oncorhynchus
mykiss) harvested from two different areas.
These elements can have a major impact on
health, so it is very important to know them, to
establish their level, because fish meat is fully
recommended for the proper functioning of the
human body.

MATERIALS AND METHODS

In this study we used trout samples from the
Cluj area, Romania. Brook trout (Salvelinus
fontinalis) was harvested from Marisel, and
rainbow trout (Oncorhynchus mykiss) was
harvested from Gilau. In Transylvania
(Romania), there are numerous trout breeding
and development systems, and thus the
importance of this fish can be seen due to the
population's desire to own a farm to support
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their own trout consumption or for marketing
purposes. Obtaining favorable results regarding
the level of contaminants-heavy metals in the
case of this study, helps us to confirm the
quality of the trout and also of the surrounding
environment. The impact will be favorable to
consumers if the contaminant levels fall within
the legal limits.

The trout samples were stored in laboratory
conditions in a minifreezer used for research

purposes only.
Metals, macro- and microelements from trout
samples were analyzed: sodium (Na),

magnesium (Mg), aluminium (Al), potassium
(K), calcium (Ca), titanium (Ti), chromium
(Cr), mangandese (Mn), iron (Fe), nickel (Ni),
copper (Cu), zinc (Zn), arsenic (As), barium
(Br), rubidium (Rb), strontium  (Sr),
molybdenum (Mo), staniu (Sn), iodine (I),
barium (Ba) and phosphorus (P).

The first stage was that of mineralization with
microwaves, 0.5 g of trout sample was taken
and subjected to microwave mineralization
with nitric acid (HNO3)-65% and hydrogen
peroxide (H202)-30%. In the next stage, the
digestive program was carried out (Table 1),
followed by the cooling stage.

After this step, the samples were diluted to
20 ml, with ultrapure water for dilution, then
the filtration step follows, using a cellulose
filter of 0.45 um.

Table 1. Operating conditions of the microwave
digestion system

. . Stage

Specification | ) 3 4 5
Temperature (°C) 145 170 190 100 100
Pressure (bar). 30 30 30 0 0
Ramp time (min) 5 1 1 1 1
Maitenance time 25 10 15 10 10
(min)
Power (%" 80 80 80 0 0

*100% power corresponds to 1400 W

ICP-MS (Inductively Coupled Plasma Mass
spectrometry) / ICP-OES (Inductively Coupled
Plasma Optical Emission Spectroscopy) was
used to analyze the concentrations of the
elements in the solutions that were initially
mineralized. A Perkin-Elmer Elan DRC II
inductively coupled plasma mass spectrometer
ICP-MS was used for liquid sample analysis as
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well as a quantitative method with single-point
calibration  and  response  factor-based
exploration, following a double calibration of
the detector, to have information about as many
elements as possible. All results obtained are
expressed in ug/L (micrograms/liter) and the
limit of quantification is 1 ug/L.

The normality of all datasets was assessed by
the Shapiro-Wilk assay, using GraphPad Prism
for statistical analysis. The results are presented
as a mean =+ standard error of the mean (SEM).
The t-test was used to determine statistical
significance, and the resulting P-values were
annotated on accompanying graphs.

RESULTS AND DISCUSSIONS

The concentration of heavy metals for the two
species of trout taken into account from diffe-
rent places of the Transylvanian area, therefore
the values of the metals can be seen from the
graphs presented below (Figures 1, 2, 3).
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Figure 1. The levels of heavy metals (As, Cr, Pb, Rb and
Sn) from Rainbow and Brook trout. Data represents the
mean + SEM (n = 5) expressed in ug/L

According to Figure 1, in the presence of heavy
metals, rainbow trout from Marisel commune
exhibited significantly reduced concentrations
of arsenic (As), rubidium (Rb), and staniu (Sn).
Conversely, lead (Pb) levels were substantially
elevated in rainbow trout compared to brook
trout obtained from the Gilau commune.
Additionally, chromium (Cr) concentrations
were slightly higher in Rainbow trout but not
statistically different to the Brook trout group.
Among the five elements considered in Figure
1, the lowest values for rainbow trout were



represented for the following two elements:
arsenic (As) and staniu (Sn).
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Figure 2. Concentrations of macroelements from
Rainbow and Brook trout (Na, Mg, K and Ca) from
Rainbow and Brook trout. Data represents the
mean + SEM (n = 5) expressed in ug/L

Differences were also observed in the
macroelement profiles of the two fish species
(Figure 2). Notably, concentrations of sodium
(Na), magnesium (Mg), potassium (K), and
calcium (Ca) displayed statistically significant
increased trends in Brook trout indicating more
nutritional value compared to Rainbow trout
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Figure 3. Evaluated microelements (Cu, Fe, I, Mn, Mo,
Ni and Zn) from both trout species. Data represents the
mean + SEM (n = 5) expressed in ug/L

Differences in microelement profiles copper
(Cu), iron (Fe), and iodine (I) between the two
fish species from various locations were also
notable (Figure 3). Specifically, copper (Cu)
levels were substantially higher in Rainbow
trout samples, whereas iron (Fe) and iodine (I)
concentrations were significantly elevated in
Brook trout samples. Furthermore, the levels of
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manganese (Mn), molybdenum (Mo), nickel
(Ni), and zinc (Zn) exhibited minor variations
between the experimental groups, although
these differences were not statistically
significant.

According to Zeynali et al. (2009), the liver is
the organ with higher concentrations of heavy
metals (except for Ba and Sr), compared to the
muscle tissue of farmed or wild fish. Levels of
barium (Ba), chromium (Cr), iron (Fe),
manganese (Mn), zinc (Zn) are higher in wild
rainbow trout tissues compared to farmed trout,
and mercury (Hg) levels in all samples
examined were lower than limits accepted by
the European Commission, according to the
study by Zeynali et al., 2009.

In the study from Chile, higher concentrations
were found in trout that were near areas with
agricultural and exotic plantations, and this
study confirms also the existence of a higher
concentration of heavy metals in the liver
compared to muscle tissue (Barrientos et al.,
2019).

By comparison with other studies, where the
concentration of heavy metals in pork from 7
different areas of Romania was analyzed, using
the spectrophotometric method, for example
the amount of aluminium (Al) varied in the
range of 1.68+0.34 ng/L (Cluj) at 9.42+0.21
pg/L (Mures). Aluminum being considered
very toxic for the central nervous system,
hematopoietic organs, bone system, etc. (Puia
etal., 2019).

Also, in a study for the same locality (Silaj)
Romania, the high degree of concentration of
aluminium (Al) and lead (Pb) was found in a
pork meat. Al showed a variation of 5.03
mg/kg in the samples from Bistrita-Nasaud and
9.64 mg/kg from Salaj (Coroian et al., 2017).
Hg (mercury), was found in higher concen-
trations in liver than in muscle for several fish
species, according to several existing studies
(Linde et al., 2004).

In liver tissue, heavy metal levels were
significantly higher in brown trout than in
European eels, and metals levels in the tissue
were similar, in both brown trout (Salmo trutta)
and European eel (4nguilla anguilla) (Linde et
al., 2004).

According to Jaffal et al. (2011), at the end of
winter the levels of copper (Cu) and cadmium
(Cd) in the muscle tissue were higher compared



to the levels of copper (Cu) and cadmium (Cd)
from the end of summer in the liver tissue.
Trout farms are a major source of water
pollution. The study was carried out in April,
July and October.

A control locality and 3 downstream localities
were established. According to the working
hypothesis, the load with heavy metals was
statistically significantly increased especially in
sediments but also in E. danica larvae, which
proved to be a good indicator for pollution
systems (Jaffal et al., 2011).

In a study carried out in Colorado, Brown Trout
was exposed for about 2 years to heavy metals:
cadmium (Cd), zinc (Zn) and then samples
were taken to evaluate the liver and the growth-
promoting enzyme (ornithine decarboxylase)-
ODC. The results were compared with samples
collected from trout that were raised in
uncontaminated places.

The activity of the ODC enzyme in both males
and females was lower in the trout from the
contaminated site (Norris et al., 2000).

CrPic (C18H12CrN306) is used in nutritional
supplements, which represents a form of
organic chromium - Cr (III), because it has a
better absorption than other forms of dietary
chromium- Cr (III). Also in some studies,
CrPic confirms the advantageous role in
growth, the improvement of serum protein and
the reduction of stress, and in other studies,
negative effects such as affecting the function
of certain organs are highlighted (Yu Li et al,,
2022).

According to Yu Li et al, 2022, in one
experiment, the chromium (Cr) content of
chromium (Cr) VI in tissues was significantly
higher than chromium (Cr) III at 250 mg/kg
from 7 to 66 days for most samples, with
except muscle tissue, while Cr bioaccumulation
of Cr (VI) and Cr (IIT) in whole fish were
similar at 250 mg/kg. Cr (VI) had greater tissue
aggressiveness than Cr (IIT) at a similar level of
inorganic Cr bioaccumulation in whole fish,
according to the study.

The bioaccumulation of heavy metals in fish
according to Kumar et al., 2024, can induce
histopathological changes in the essential
organs, can also produce oxidative stress at the
cellular level and inflammation, respectively
the induction of various cellular apoptosis and
autophagy pathways.
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The most ubiquitous heavy metals are
considered by some authors from the
specialized literature: chromium, arsenic,

mercury, cadmium, lead, copper and nickel,
which can lead to pollution of the aquatic
environment and also affect the physiology of
fish (Kumar et al., 2024).

During an experiment, the authors found that
exposure to chromium (Cr) caused major
deformations in the liver (apoptosis,
vacuolization, necrosis and hypertrophy),
(Awasthi & Trivedi, 2019).

According to some authors, to estimate the
concentration of heavy metals in various vital
organs of fish, the following methods can be
used: AAS (Atomic Absorption Spectroscopy),
ICP-AES (Inductively Coupled Plasma Atomic
Emission Spectroscopy), ICP-MS (Inductively
Coupled Plasma Mass spectrometry) and ICP-
OES (Inductively Coupled Plasma Optical
Emission  Spectroscopy) (Sibal &Espino,
2018).

Following a study carried out in Brazil, the
authors highlighted the value of heavy metals
in water, sediment and fish, during four
seasons. The largest concentration of heavy
metals was found in sediment, followed by
water and the least in fish. According to other
studies, suspended sediments adsorb pollutants
from water, thus reducing their concentration in
the water column (Weber et al., 2013).

In another study carried out in Hungary, where
fish were taken from Lake Balaton, metal
concentrations in samples taken from different
organs (muscle tissue, liver, gills) were
between the following ranges: (Cd) cadmium:
0.098; 0.20; 0.106; (Cu) copper: 0.358; 0.327;
1,536; (Pb) lead: 0.3; 0.257; 0.196; (Zn) zinc:
3.00; 7,390; 4.99 ng/g dry weight. The highest
concentrations of Cd, Cu, Pb and Zn were
detected in the gills and liver of the fish, and
the highest concentrations of Hg were
measured in the muscle tissue (Farcas et al.,
2003).

The results of a study of fish samples taken
from the Mexican Pacific coast from two
different localities are as follows: in liver tissue
were higher concentrations of Cu (Sinaloa 28.3,
Guerrero 16.3 pg g'), Fe (Sinaloa 1098,
Guerrero 636 pg g') and Zn (Sinaloa 226,
Guerrero 186 pg g ') compared to muscle of



fish from both study areas, according to
Spanopoulos-Zarco et al. (2017).

In a study conducted on fish harvested in the
Black Sea, Turkey, in different seasons, the
samples were analyzed by graphite atomic
absorption spectrometry and flame furnace
after microwave digestion. According to
Mendil et al. (2009), the following metal
concentrations ~were obtained: 25.5-41.4
microg/g iron (Fe), 17.8-25.7 microg/g zinc
(Zn), 0.28-0.64 microg/g lead (Pb), 0.64-0.99
microg/g chromium (Cr), 1.3-3.6 microg/g
manganese (Mn), 1.4-1.9 microg/g copper
(Cu), 0.18-0.35 microg/g cadmium (Cd) and
0.25-0.42 microg/g cobalt (Co) for fish species.
In this study, it was observed that the levels of
trace elements in the fish species analysed were
acceptable for human consumption, while the
levels of lead and cadmium in the fish samples
were higher than the recommended legal limits.
According to a study carried out in France,
certain species of fish were caught in different
periods of years (1987-2007), and the results
show the decrease of heavy metal
concentrations in fish tissue between 1987 and
2007, which reflects the decrease of heavy
metal  concentrations  in  environment.
According to this study, the results found in
2007 are comparable to those published by
another study carried out in the 1990s. It should
be specified that the values of the average
concentrations of cadmium in fish muscle in
2007 were above the maximum safe level for
human consumption defined by the European
Commission (Shinn et al., 2009).

CONCLUSIONS

Nowadays, due to various industrial or
agricultural activities, heavy metal pollution
has become a priority.

The aquatic ecosystem is considered as a final
reservoir for the accumulation of heavy metals
from various activities.

According to studies, the concentration and
distribution of heavy metals is essential for the
proper functioning of the aquatic ecosystem,
because heavy metals disrupt the aquatic
balance, being  non-biodegradable and
bioaccumulative in nature.

The bioaccumulation of heavy metals leads to
various anomalies, structural injuries,
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functional disorders, cellular dysfunctions, etc.
and disrupting the global ecological balance.

To protect the global ecosystem, more
regulations must be implemented to conserve
water sources, because most of the methods
used to treat heavy metals are expensive and
also difficult to use.
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