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Abstract – The development of nonlethal methods for the monitoring of environmental contamination is
essential to minimize the negative effects on studied species and communities. Fish scales and fin clips can
be used as nonlethal indicators of water quality given that they are in direct contact with the environment and
can accumulate high concentrations of metals and trace elements. Fin clipping causes minimal harm to fish
and it does not affect fish growth or survival. In this study, As, Cd, Co, Cr, Cu, Fe, Hg,Mn, Ni, Pb, Se, and Zn
concentrations were measured by inductively-coupled plasma mass spectrometry (ICP-MS) in scales, fins,
and muscle of common bream (Abramis brama), white bream (Blicca bjoerkna), wels catfish (Silurus
glanis), northern pike (Esox lucius), and pikeperch (Sander lucioperca) from the Danube River. The analysis
showed a positive correlation for Hg between scales and muscle in pikeperch. Anal fin and muscle were
positively correlated in white bream for Hg, in wels catfish for Cu, and in northern pike and pikeperch for As.
The results suggest that scales and fins have a potential to be used as indicators of muscle tissue
contamination with As, Cu, and Hg, depending on species’ ecological traits.

Keywords: Fish tissue / water quality indicators / toxic metals / trace elements / ICP-MS
1 Introduction

Numerous ecotoxicological studies and monitoring pro-
grams have been conducted worldwide on metal and trace
element accumulation in various fish tissues (Uysal et al.,
2009; Begum et al., 2013; Squadrone et al., 2013). Most
studies focused on gills, liver, and muscle tissue, while
accumulation patterns in other tissues were rarely assessed. In
Jovičić et al. (2014), the authors focused on the extent of
elemental accumulation in such rarely studied tissues to
identify which of them could be used as indicators in
environmental monitoring programs. However, sampling of
fish tissues for contamination analysis comes with an inherent
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Access article distributed under the terms of the Creative Commons Attribution Licen
and reproduction in any medium, provided the original work is properly cited. If you
problem � the necessity to sacrifice the fish, which can
produce negative effects on studied species and communities.
Moreover, lethal sampling may not be feasible in protected
waters or in studies on threatened species.

For this reason, continuous efforts are made to minimize
lethal sampling procedures and negative effects of monitoring
programs by developing nonlethal methods for this purpose,
and consequently reducing the number of fish killed. Nonlethal
sampling has advantages over the whole tissue sampling
procedures� it provides a possibility to collect larger samples,
as well as to sample rare and endangered species without
causing mortality (Baker et al., 2004). Most studies on
nonlethal sampling have focused on monitoring of mercury
(Gremillion et al., 2005; Schmitt and Brumbaugh, 2007;
Rolfhus and Sandheinrich, 2008;Červenka et al., 2011; Valová
et al., 2013; Cerveny et al., 2016). Commonly considered
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nonlethal sampling techniques in fish include the analysis of
scales and fins, as well as tissue biopsy of blood, liver,
ormusclevianeedles or punches (Valováet al., 2013).Theuseof
abiopsypunch toobtaina small tissue sample, asanalternative to
the homogenized fillet method, has been widely used in fish
studies formore than 30 years,mainly formercury and selenium
(Uthe, 1971; Baker et al., 2004; Knight et al., 2019; Stahl et al.,
2021). Another nonlethal method used in studies of aquatic food
webs is the stable isotope analysis, especially of carbon and
nitrogen. In such studies, fish scales and fin clips are used as
nonlethal alternatives tomuscle tissue (Fincel et al., 2012;Va�sek
et al., 2017; McCloskey et al., 2018).

Scales represent hard calciferous structures on fish skin
and, due to their external position, they are more exposed to
various contaminants from the environment. They increase in
size during fish growth by incorporating nutrients and elements
supplied in the blood, which are then permanently stored in the
scale (Wells et al., 2003). By knowing the age of fish when
each growth ring on a scale was formed, it is possible to
analyze its chemical composition and thus learn about the
substances to which the fish was exposed at certain stages of its
life (Farrell et al., 2000; Beaudin et al., 2010; Łuszczek-
Trojnar and Nowacki, 2021). Elemental signature in scales
remains the same even after maturation and migration
(Yamada and Mulligan, 1982), and some studies suggest that
it is possible to discriminate elemental signatures in scales of
fish from rivers with different levels of pollution (Coillie and
Rousseau, 1974). However, there is evidence that scales may
stop growing or even be resorbed during periods of
physiological stress (Bilton and Robins, 1971; Bilton,
1975). Scales can regenerate rapidly if lost or damaged, so
entire time periods can be missed, and their elemental
composition may change over time (Wells et al., 2000b).
Consequently, scales can be used as environmental tracers for
analyses of both short and long-term metal and trace element
pollution, provided that scales are randomly sampled from
different body parts of each individual fish.

Trace element concentrations in fish scales show a linear
correlation with concentrations in ambient water (Wells et al.,
2000a). Furthermore, metal accumulation in scales can be
detected within days of exposure (Cooley and Klaverkamp,
2000). The main advantage of using scales as metal pollution
indicators compared to other tissues is the possibility to use
archived fish scales as predictors of past pollution (Cobelo-
García et al., 2017; Morán et al., 2018). In addition, scales can
be used as a sorption material for the extraction of various
pollutants (heavy metal ions, dyes, antibiotics) from natural
and wastewater (Shaikhiev et al., 2020). For this reason, scales
can act as potential nonlethal indicators of water quality
(Khanna et al., 2007). They can accumulate high concen-
trations of metals and trace elements due to the binding of
metals to mucus and formation of strong metal-mucus
complexes (Negi and Maurya, 2015). Exposure of scales to
metals and trace elements can lead to ultrastructure damage in
fish scales, which can be used as an effective noninvasive
indicator of water pollution (Vaid and Hundal, 2019).

Overall, the use of scales as an indicator of water pollution
is not fully validated because few studies have examined the
relationship between the level of contamination in scales and
other fish tissues. There is a need for a standardized protocol
for cleaning scales to remove surface impurities. In addition,
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for further analyses of the interactions between metals and
scales, it would be useful to obtain information on the structure
of scales using methods such as scanning electron microscopy/
energy dispersive X-ray spectroscopy (SEM-EDS).

Removal of one or more fins from a fish has been used as a
method for fish marking (Gjerde and Refstie, 1988). The
advantage of using fin clips for metal and trace element analysis
is that clipping can be conducted with a minimal harm to the
organism and has no significant effect on its growth and survival
(Gjerde and Refstie, 1988). Additionally, fins completely
regenerate within 1–2 months after sampling (Sanderson
et al., 2009). Elemental signature in fins is highly correlated
with ambientwater chemistry and remains unchanged for at least
two years, providing a permanent record of environmental
conditions, which suggests that fins can be efficiently used to
discriminate the origin of fish capture (Rosenthal, 1963; Veinott
and Evans, 1999; Clarke et al., 2007). Nevertheless, fins have
rarely been studied as indicators of water pollution.

Metal and trace element accumulation and distribution
patterns in fish tissues depend on the affinity of metals for the
fish tissues and the rates of uptake, deposition, and excretion
(Kalay and Canli, 2000). The amount of accumulation is
affected by both biotic and abiotic factors, such as habitat type,
chemical form of the metal in water, water temperature, pH,
dissolved oxygen concentration, as well as age, sex, body
weight, and physiological condition of the fish (Has-Schön
et al., 2006). Accumulation also varies among species,
depending on their ecology and life history, and especially
on their position in the food chain (Agah et al., 2009).
Carnivorous fish species tend to accumulate higher amounts of
metals and trace elements than herbivorous, omnivorous, or
planktivorous species (Phillips et al., 1980). However, benthic
species can sometimes accumulate even higher amounts of
elements than carnivorous species through sediment absorp-
tion (Tayel and Shriadah, 1996).

In this study, we analyzed concentrations of eleven
elements (As, Cd, Co, Cr, Cu, Fe, Hg, Mn, Ni, Se, and Zn)
in muscle, scales, and anal fin clips of five selected fish species.
These elements are common constituents of agricultural,
urban, and municipal wastewater (Wright andWelbourn, 1994;
Nagajyoti et al., 2010). We have chosen the Danube River as
the study site because of the considerable industrial
infrastructure that is located on its banks. The area of the
city of Belgrade, where the sampling was conducted,
represents the main industrial zone in Serbia (Petrović,
2015). Other important anthropogenic sources of metal
pollution in this part of the Danube include municipal and
agricultural wastewater. The major problem with water
pollution in Belgrade is that wastewater is discharged into
the river without any prior treatment (Milanović et al., 2010).

Considering that studies of metal contamination in fish
have traditionally focused on muscle tissue because of its
relevance for human consumption, the main objective of this
study was to evaluate whether metal and trace element
concentrations in fish scales and fins could be measured as a
substitute for muscle tissue samples, which should be indicated
by the presence of positive correlations between element
concentrations in these tissues. Most of the studies mainly
focused on mercury, while we analyzed here additional ten
elements, among which some have toxic effect (As, Cd, Cr, Co,
Cu, Ni) on human health.
of 9



Table 1. Total body length (cm) and total body mass (g) of sampled
fish.

Species TL (cm)
min–max
(mean ± SE)

BM (g)
min–max
(mean ± SE)

Abramis brama (common bream) 26–45
31.6 ± 5.7

225–1155
433.5 ± 277.1

Blicca bjoerkna (white bream) 21–29
25.1 ± 2.4

140–440
259 ± 84.1

Silurus glanis (wels catfish) 55.5–69.0
64.2 ± 4.5

1190–2390
1750.8 ± 330.6

Esox lucius (northern pike) 38.5–52
45.7 ± 4.4

350–985
653.5 ± 205.1

Sander lucioperca (pikeperch) 44–54
48.5 ± 3.3

810–1475
1115 ± 223.7

Table 2. Operating conditions for ICP-MS.

RF power 1550 W

Cooling gas flow 14 L/min

Nebulizer flow 1 L/min
Collision gas flow 1mL/min
Operating mode KED
Dwell time 10ms (Cr, Mn, Fe, Co, Ni, Cu, Zn, Se)

100ms (As, Cd, Pb)
Sampling cone Platinum, 1mm orifice diameter
Skimmer cone Platinum, 0.75mm orifice diameter
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Species selected for this study belong to different trophic
levels: three predatory fishes � wels catfish (Silurus glanis),
northern pike (Esox lucius), and pikeperch (Sander lucio-
perca), and two benthivorous fishes � common bream
(Abramis brama) and white bream (Blicca bjoerkna). Different
element levels and bioaccumulation capacities of studied
tissues in selected fish species were hypothesized, because of
their different physiological characteristics (i.e., metabolic
rate, developed detoxification system, etc.).

2 Material and methods

2.1 Sample collection

Ten individuals of each species, common bream
(A. brama), white bream (B. bjoerkna), northern pike
(E. lucius), and pikeperch (S. lucioperca), were collected by
professional fishers from November 2013 to March 2014 from
the River Danube (1169 river km) in the vicinity of Belgrade,
Serbia (44° 49’ 54.48” N, 20° 27’ 23.68” E). The sample was
complemented with 13 individuals of wels catfish (S. glanis)
that were used in a previous research (Jovičić et al., 2014) to
assess elemental accumulation in different tissues. Individuals
were sacrificed with a quick blow to the head. Total body
length (cm) and total body mass (g) were measured for each
fish (Tab. 1). Samples of the muscle (right dorsal muscle), anal
fin, and scales were collected. All samples were washed with
distilled water and stored at �20 °C prior to analysis.
2.2 Sample preparation and analysis

The samples were freeze-dried using a rotary vacuum
concentrator Christ, model GAMMA 1-16LSC (Osterode am
Harz, Germany). Analytical portions of approximately 0.3 g
(dry weight) were accurately weighted and subsequently
processed in a microwave digestion system. Samples were
mineralized by adding 6mL of 65% HNO3 and 4mL of 30%
H2O2 (Merck, Darmstadt, Germany). Microwave assisted
digestion was performed in SpeedwaveTM MWS3þ oven
(Berghof, GmbH, Eningen, Germany). The following temper-
ature program was used (default food program): 5min �
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160 °C; 15min � 190 °C; 20min � 100 °C. After cooling,
digested samples were quantitatively transferred into 100mL
polypropylene volumetric flasks and diluted to volume with
ultrapure water. In order to assess the possible presence of trace
elements in reagents or carry-over effects of digestion vessels,
five reagent blank samples were prepared as well, one per each
session, according to the described procedure. These samples
were analyzed in each analytical batch.

The analysis was performed by inductively-coupled
plasma mass spectrometry (ICP-MS) using the instrument
“iCap Q” (Thermo Scientific, Bremen, Germany), equipped
with a collision cell and operating in kinetic energy
discrimination (KED) mode. The following isotopes were
measured: chromium (52Cr), manganese (55Mn), iron (57Fe),
cobalt (59Co), nickel (60Ni), copper (63Cu), zinc (66Zn), arsenic
(75As), selenium (77Se), and cadmium (111Cd). Basic operating
conditions of the instrument are shown in Table 2.

Torch position, ion optics, and detector settings were
adjusted daily using a tuning solution (Thermo Scientific Tune
B), in order to optimize measurements and to minimize
possible interferences. For the quantitative analysis of the
samples, a five-point calibration curve (including zero) was
constructed for each isotope in the concentration range of 0.1–
2.0mg/L for 75As and 111Cd, and 0.1–2.0mg/L for 52Cr, 55Mn,
57Fe, 59Co, 60Ni, 63Cu, 66Zn, and 77Se. An additional line of the
peristaltic pump was used for an online introduction of a multi-
element internal standard (6Li, 45Sc � 10 ng/mL; 71Ga, 89Y,
209Bi� 2 ng/mL), covering a wide mass range. Concentrations
of each measured isotope were corrected for response factors
of both higher and lower mass internal standards using the
interpolation method.

The quality of the analytical process with respect to the
accuracy and precision was assessed by the analysis of the
standard reference material SRM 1577c (NIST, Gaithersburg,
MD, USA). Reference material was prepared in a random
manner during microwave digestion of each sample batch and
run at the beginning, in the middle, and at the end of each
sample list. Measured concentrations were within the range of
the certified values for all isotopes (Tab. 3).

Mercury (Hg) was measured using cold vapor technique by
atomic absorption spectrometer SpectrAA 220 (Varian, Palo
Alto, USA) with VGA 77 hydride system and SnCl2 in HCl as
a reductant. Calibration was performed in five points, standard
concentration range was 0.5–15.0 ng/mL. Absorption was
measured at 257.3 nm. The quality of the analytical process
was controlled using BCR-186 certified reference material
(IRMM, Geel, Belgium). Reference material preparation and
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Table 3. Assigned and measured concentrations of the SRM 1577c and BCR-186 reference material used for quality control. Values are given
with the standard uncertainties and with the 95% confidence interval.

Elements Assigned values (NIST 1577c) ±U Measured value ±U

75As, mg/kg 19.6 ± 1.4 20.5 ± 1.1
111Cd, mg/kg 97 ± 1.4 97.9 ± 2.6
208Pb, mg/kg 62.8 ± 1.0 �1.6% 63.3 ± 2.6
63Cu, mg/kg 275.2 ± 4.6 271.9 ± 5.7
57Fe, mg/kg 197.94 ± 0.65 197.43 ± 5.21
66Zn, mg/kg 181.1 ± 1.0 180.9 ± 1.8
55Mn, mg/kg 10.46 ± 0.47 10.55 ± 0.25
52Cr, mg/kg 53 ± 14 51 ± 2.8
59Co, mg/kg 0.3 ± 0.018 0.31 ± 0.016
60Ni, mg/kg 44.5 ± 9.2 52.7 ± 4.3
77Se, mg/kg 2.031 ± 0.045 2.055 ± 0.066
Element Assigned value (BCR-186) ±U Measured value ±U
Hg (total), mg/g 1.97±0.04 2.02 ± 0.07
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analysis was conducted in the same manner as described
previously. Obtained Hg concentrations corresponded to the
certified value. All concentrations were expressed as mg g�1

dry weight (dw).

2.3 Statistical analysis

The normality of distribution of analyzed samples was
tested by the Kolmogorov–Smirnov test (STATISTICA
software package, version 6.0, StatSoft Inc; Sokal and Rohlf,
1987). Since the variables lacked normality of distribution,
nonparametric tests were applied. In order to assess the
relationship between metal and trace element concentrations in
muscle on one hand and anal fins and scales on the other,
Spearman’s nonparametric correlation test (p < 0.01) was
used.

3 Results

Metal and trace element concentrations in muscles, scales,
and fins of five analyzed fish species are presented in Table 4,
and the ratio of contaminant levels in each organ of each
species is given in Figures 1 and 2. The concentrations of
nickel were below the threshold in all tissues analyzed.

The pattern of accumulation in all species studied was the
same for iron, mercury, and zinc. Iron accumulation had the
following trend: scale > fin > muscle, and the trend of zinc
accumulation was: fin> scale>muscle. The trend of mercury
was reversed in all five species: muscle > fin > scale. The
trend of manganese was different between benthivorous (fin>
scale > muscle) and carnivorous species (scale > fin >
muscle). Arsenic and copper concentrations were lowest in the
scales of all four studied species. The detected As, Cd, Cu, Fe,
Hg, and Zn concentrations in fish muscle were below the
maximum allowable concentration (MAC) set by both the EU
(Official Journal of the EC, 2001) and the Republic of Serbia
(Official Gazette of RS, 2010, 2011); there are no prescribed
MAC for other analyzed elements. The results of Spearman’s
nonparametric correlation test (p< 0.01) showed that only one
correlation between the muscle and scales was statistically
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significant, namely in pikeperch for Hg (p < 0.01). As for the
correlation between the muscle and the anal fin, statistically
significant correlations were found in white bream for Hg, in
wels catfish for Cu, and in northern pike and pikeperch for As
(p < 0.01).

4 Discussion

Numerous studies have shown that different metals
preferentially accumulate in different tissues, depending on
their route of uptake.

4.1 Mercury in muscle

In all five studied species, the highest accumulation of
mercury was observed in muscle tissue. Mercury enters the fish
body through the digestive tract, as well as through skin and
gills. It is then transported within the organism, bound to
erythrocytes, to fish organs, including blood, spleen, kidney,
liver, muscle, and brain; muscle represents the primary storage
site of redistributed methylmercury, where it binds to
sulfhydryl groups in proteins (Wiener and Spry, 1996). Even
though muscle represents the accumulation center for mercury,
Cizdziel et al. (2003) noticed that at high concentrations in the
fish body, its concentration tends to increase in other organs as
well. According to Havelková et al. (2008), in less polluted
waterbodies Hg concentrations in fish muscle are about twice
as high as in the liver, while in heavily polluted waterbodies Hg
is again redistributed to the liver. The highest mercury
concentrations are most commonly found in the muscle of
piscivorous fish at the top of food chains (Wiener and Spry
1996; Havelková et al., 2008). Our results confirm this, as
three piscivorous species had mercury levels 2–6 times higher
than two benthivorous species.

4.2 Mercury in scales/fins compared to muscle

We observed a significantly positive correlation of mercury
content between scales and muscle of pikeperch (p < 0.01),
which is consistent with findings of Červenka et al. (2011),
of 9



Table 4. Metal and trace element concentrations in muscle, scales, and anal fin (means ± standard deviation). Concentrations are expressed as
mg g�1.

Element Tissue Abramis brama
(common bream)

Blicca bjoerkna
(white bream)

Sander lucioperca
(pikeperch)

Esox lucius
(northern pike)

Silurus glanis
(wels catfish)*

As

Muscle 0.227 ± 0.095 0.416 ± 0.132 0.459 ± 0.280 0.685 ± 0.807 0.131 ± 0.097
Scale 0.083 ± 0.020 0.058 ± 0.018 0.201 ± 0.144 0.381 ± 0.502 –
Fin 0.336 ± 0.140 0.294 ± 0.084 0.491 ± 0.429 0.425 ± 0.665 0.767 ± 0.391

Cd

Muscle 0.003 ± 0.001 0.005 ± 0.003 0.004 ± 0.004 0.006 ± 0.003 0.004 ± 0.007
Scale 0.004 ± 0.003 0.008 ± 0.009 0.007 ± 0.005 0.059 ± 0.096 –
Fin 0.004 ± 0.003 0.206 ± 0.628 0.013 ± 0.013 0.020 ± 0.024 0.009 ± 0.008

Co

Muscle 0.219 ± 0.103 0.150 ± 0.024 0.221 ± 0.127 0.151 ± 0.049 0.018 ± 0.023
Scale 0.208 ± 0.072 0.192 ± 0.028 0.179 ± 0.130 0.253 ± 0.130 –
Fin 0.297 ± 0.076 0.193 ± 0.099 0.178 ± 0.042 0.258 ± 0.185 0.051 ± 0.024

Cr

Muscle 0.132 ± 0.109 1.138 ± 1.751 0.164 ± 0.128 0.074 ± 0.067 0.138 ± 0.325
Scale 0.172 ± 0.136 0.113 ± 0.047 0.379 ± 0.317 0.752 ± 0.949 –
Fin 0.239 ± 0.261 0.158 ± 0.087 0.620 ± 0.630 0.161 ± 0.137 0.083 ± 0.084

Cu

Muscle 1.523 ± 0.787 2.049 ± 1.616 0.914 ± 0.797 1.690 ± 1.136 0.950 ± 0.656
Scale 0.691 ± 0.292 0.596 ± 0.271 0.855 ± 0.419 1.475 ± 1.369 –
Fin 1.410 ± 0.488 1.728 ± 1.122 1.308 ± 0.483 1.604 ± 0.570 0.668 ± 0.589

Fe

Muscle 27.726 ± 14.143 40.373 ± 16.494 13.162 ± 5.976 46.444 ± 25.355 19.464 ± 15.075
Scale 83.279 ± 33.045 131.145 ± 163.057 121.293 ± 94.258 324.051 ± 446.000 –
Fin 75.696 ± 63.152 99.552 ± 61.922 53.117 ± 15.285 94.401 ± 64.179 34.014 ± 16.097

Hg

Muscle 0.286 ± 0.176 0.471 ± 0.203 1.427 ± 0.842 0.886 ± 0.341 1.599 ± 0.535
Scale 0.002 ± oe-7 0.002 ± oe-7 0.015 ± 0.018 0.009 ± 0.008 –
Fin 0.004 ± 0.002 0.006 ± 0.005 0.066 ± 0.078 0.016 ± 0.007 0.095 ± 0.041

Mn

Muscle 5.066 ± 4.155 2.345 ± 0.442 1.319 ± 0.754 3.446 ± 1.326 0.674 ± 0.401
Scale 67.934 ± 23.250 29.219 ± 6.975 35.119 ± 6.155 80.293 ± 28.446 –
Fin 87.438 ± 28.827 43.615 ± 10.330 31.199 ± 6.595 68.523 ± 21.533 14.475 ± 7.592

Se

Muscle 1.450 ± 0.316 0.921 ± 0.267 1.590 ± 0.233 1.136 ± 0.373 0.905 ± 0.333
Scale 0.890 ± 0.321 0.674 ± 0.193 0.647 ± 0.177 1.168 ± 0.236 –
Fin 1.086 ± 0.531 0.818 ± 0.344 1.192 ± 0.501 1.363 ± 0.503 0.824 ± 0.303

Zn

Muscle 17.056 ± 3.942 14.715 ± 3.409 16.173 ± 5.873 21.319 ± 6.956 19.621 ± 10.201
Scale 79.554 ± 11.848 55.348 ± 2.683 82.130 ± 11.899 118.742 ± 26.260 –
Fin 329.128 ± 59.971 222.900 ± 71.651 100.799 ± 27.967 175.889 ± 53.617 104.246 ± 39.346

*Scales in wels catfish have not been analyzed since the species does not have them.
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who observed that predatory fish tend to accumulate significant
amounts of mercury in scales. Lake et al. (2006) and Červenka
et al. (2011), who analyzed the relationship in mercury
concentrations between scales/fins and muscle, recommended
the scale/fin analysis as a useful screening tool for assessing
general trends in mercury concentration in fish tissue. Given that
fish need more time to recover after fin clipping, the authors
suggested that the analysis of scales seems more suitable for
predicting metal concentrations in fish muscle. Gremillion et al.
(2005) evaluated the use of fins to predict mercury concentration
in the muscle of walleye (Sander vitreus) and northern pike, and
observed positive correlations between these tissues. The authors
suggested that the higher trophic state of a waterbody and better
physiological condition of fish positively influence the accumu-
lation ofmercury infins relative to its accumulation in themuscle,
and recommended the use of fin clippings as a nonlethal indicator
ofmercury concentration in themuscle. In our study, in addition to
the correlation between mercury content in scales and muscle of
pikeperch, we also observed a significantly positive correlation
between mercury content in anal fin and muscle of white bream.
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Conversely, Valová et al., (2013) found no significant
correlation between Hg concentrations in scales and muscle
of chub (Squalius cephalus), proposing that scales cannot be
used as a reliable tool for metal analysis until further research
has been done on methodology, particularly regarding the
cleaning treatment of scales. Farrell et al. (2000) also foundno
relationship between Hg (as well as Se) concentrations in
scales and muscle of Arctic grayling (Thymallus arcticus).
The authors suggested that a narrow range of concentrations
of the analyzed elements could explain the obtained results.
They observed that the scale tissue accumulated certain
metals to a greater extent when their concentrations in the
muscle (and presumably in the environment) were low, which
suggests that scale concentration could overestimate the
metal concentration in muscle, but rarely more than fourfold.
Nevertheless, they recommended the use of scale analysis as a
promising nonlethal sampling tool, specifically in light of the
fact that it could also generate a historical record of fish
exposure, as metal content varies among the scale growth
annuli.
of 9



Fig. 1. Contaminant levels of Fe, Mn and Zn in muscle, fin and scales of analyzed species (Abramis brama, Blicca bjoerkna, Silurus glanis, Esox
Lucius and Sander lucioperca).

Fig. 2. Contaminant levels of As, Cd, Co, Cr, Cu, Hg and Se in muscle, fin and scales of analyzed species (Abramis brama, Blicca bjoerkna,
Silurus glanis, Esox Lucius and Sander lucioperca).
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4.3 Arsenic in fins and muscle

Another statistically significant correlation in our study
was observed for arsenic between the anal fin and muscle of
northern pike and pikeperch. Arsenic has a considerable
tendency to accumulate in bottom sediments (Smedley and
Kinniburgh, 2002). Before its sequestration in soils and
sediments, arsenic is bioavailable to many organisms, but
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unlike mercury, its organic metabolites do not biomagnify
across trophic levels (Dale and Freedman, 1982). Williams
et al., (2006) noticed that the highest tissue concentrations of
As were measured in benthic species that feed on plant detritus,
while the lowest levels were detected in species that feed on
zoobenthos, which we also observed in our study, as two
benthivorous species analyzed (common bream and white
bream) had very low average arsenic levels. Total arsenic
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concentrations in fishes are highest in the liver; however, a
number of studies suggested that arsenic concentration in
muscle is comparable to or slightly lower than in whole-body
samples (Williams et al., 2006).

4.4 Copper in fins

A significant correlation was also observed for copper
between the anal fin and muscle of wels catfish. Copper is an
essential element for fish that can become toxic when its
cellular level is elevated (Pena et al., 1999). The metabolism of
copper is mainly controlled by the liver, which plays an
important role in its homeostasis (Das and Gupta, 2013). The
gills are the main route of waterborne Cu uptake in fish
(Carvalho and Fernandes, 2008); however, copper has a
distinct affinity for the liver, even at low concentrations in the
environment (Jezierska and Witeska, 2006).

4.5 Other metals in scales and fins

Several studies have shown that fish scales are highly
efficient at adsorbing trace metal ions (biosorption), including
Fe and Zn, from wastewater (Zayadi and Othman, 2013;
Othman et al., 2016), suggesting that scales readily accumulate
these metals. It is not known whether they then become
bioavailable to other organs of the fish or whether they remain
within the scale matrix. If the latter is the case, then the scales
can be used as indicators of environmental pollution by Fe and
Zn. In our study, the highest Fe concentrations were detected in
scales of all species studied, while the highest Zn concen-
trations were detected in fins. The amount of Zn was
particularly high in fins of two benthivorous species, and
the amount of Fe was highest in scales of northern pike.

Furthermore, the presence of bone in fins, along with
muscular fibers and connective tissue, allows for nonlethal
monitoring of more divalent cations (such as Cu, Zn, Mn) that
tend to accumulate in fish bony structures due to their ability to
substitute for Ca during the assembly of bone matrix
(Anderson et al., 2017).

5 Conclusions

The obtained results of this study suggest that scales and
anal fin clips may be used as indicators of metal and trace
element contamination of muscle tissue, at least for three (As,
Cu, and Hg) of the eleven elements analyzed. Because fish
need more time to recover after fin clipping, analysis of scales
seems more suitable for predicting metal concentrations in fish
muscle.

The concentrations of As, Cu, and Hg were significantly
correlated between scales/anal fin andmuscle, even in fish with
different diets and ecological characteristics. Taking into
account that these elements are toxic in aquatic ecosystems and
that both the European Union and the national legislation of
Serbia prescribe the maximum allowable concentration in the
environment for all three elements, we recommend the use of
scales and fin clips as a useful noninvasive tool for an early
warning of pollution in freshwater ecosystems and for
biomonitoring of elemental contamination, without the need
to kill a large number of individuals.
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