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a b s t r a c t

Due to progressive urban development along the Mexican Caribbean coastline, it is crucial to gauge
the impact of anthropogenic contamination of marine ecosystems through biomonitoring procedures.
In the current study, we quantified the concentration of 49 inorganic elements in the blood and
scute tissues of clinically healthy nesting hawksbill sea turtles (Eretmochelys imbricata). The elements
were classified into four groups: Group A: essential mineral elements with toxic potential; Group
B: non-essential elements with high toxicity; Group C: toxic non-essential minority elements and
Trace Elements (TE); and Group D: rare-earth elements (REE) and other TE. Almost all the samples
in both tissues showed perceptible levels of all the quantified elements. The only element identified
with a correlation between blood and scute was arsenic (As), which could indicate a fast excretion
through this type of keratinized tissue. The bio-accumulation of inorganic elements is a complex
process, requiring the simultaneous examination of different tissues to evaluate the exposure. Our
study reinforces the usefulness of scute tissue as a non-invasive sampling technique for the evaluation
of persistent pollutants in marine turtles.

© 2020 Elsevier B.V. All rights reserved.
1. Introduction

Biomonitoring inorganic elements as persistent pollutants has
ecome an important tool to provide baseline measurements
or further studies on the health status of marine life. Being
ware of the contamination levels in developed areas enables
imely decision-making for wildlife management and conserva-
ion (Patino-Martinez et al., 2014).

Hawksbill turtles are selective feeders. Sponges comprise 95.3%
f their diet throughout the Caribbean Region, while the rest
onsists of jellyfish, mollusks, fish, marine algae, crustaceans, and
ther sea plants and benthic invertebrates. They forage in benthic
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habitats, over coral reefs, rock outcroppings, seagrass pastures,
and mangrove-fringed bays (Bjorndal, 1996). These coastal habi-
tats are often in close proximity to sources of persistent inorganic
pollutants, which make their way into the marine environment
from industrial, domestic and agricultural sources (Ehsanpour
et al., 2014).

No studies on the biomonitoring of sea turtles to date have
included rare-earth elements (REE). There is growing concern
regarding environmental pollution produced by REE and other
trace elements (TE), which are extensively and increasingly em-
ployed in the manufacture of consumer electronics and new
technologies, so some authors consider these REE as emerging
pollutants to be considered in biomonitoring studies (Goode-
nough et al., 2017; Deetman et al., 2018). Although they have
not been classified as toxic or priority pollutants for the marine
ecosystem, some studies have reported REE with regard to health
effects, toxicity and concentration in different species and tissues
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(Pagano et al., 2015a,b), providing evidence of adverse effects,
including inflammation, oxidative stress and tissue damage in
liver, lungs and kidneys in medium-term exposure (Pagano et al.,
2012).

In the current study we evaluate the concentrations of 49 envi-
onmentally relevant inorganic elements of anthropogenic origin,
ncluding REE and TE in nesting hawksbill turtles (Eretmochelys
mbricata) using blood and scute tissues to provide the base-
ine data for future studies of monitoring and contamination
ssessment risk programs in the Caribbean Region.

. Materials and methods

Between May through June 2018, we collected 19 blood and
cute samples of clinically healthy nesting hawksbill sea tur-
les (Eretmochelys imbricata) from the beaches of Holbox Island,
uintana Roo State, an important hawksbill nesting area. The
tudy site is located along the coast between the coordinates
1◦33’42.3’’N; 87◦20’13.8’’W and 21◦35’35.8’’N; 87◦07’11.8’’W,
overing a total length of 24 km. The sampling permits (Con-
ention on International Trade in Endangered Species of Wild
auna and Flora (CITES) were issued by the Secretary for Natural
esources Management in Mexico. The research methods and
nimal welfare measures were evaluated and approved by our
ocal institutional Ethical Committee, at the Veterinary Medicine
nd Zootechnic Faculty (FMVZ), National Autonomous University
f Mexico (UNAM). To avoid double sampling by recapture, indi-
idual turtles were marked with flipper tags and series numbers
ere registered.

.1. Blood sampling

Whole blood samples (5 ml) were collected from the cervi-
al sinus using single-use needles (21 gauge), plastic syringes,
nd blood collection tubes containing lithium heparin to avoid
lotting (Campbell, 2012). The dorsal neck region was previously
iped clean and disinfected (gauze with ethanol 70◦ and neck
ith povidone-iodine 3%) to reduce sample contamination and
ealth risk in the specimens. The samples were collected when
he turtles returned to the sea after laying eggs to minimize any
isturbance to nesting. In addition, a complete visual physical
xamination was performed, and the size of the turtles was
valuated based on the curve carapace length and width. During
ieldwork and transportation to the processing site, the sam-
les were kept with a coolant gel (−4 ◦C) in ice chests in the
oxicology Laboratory at the FMVZ-UNAM.

.2. Scute sampling

According to modified protocols (Bjorndal et al., 2010), supra-
audal scute samples (<1 g) were collected after successfully
lood sampling the specimens and cleaning the carapace. The re-
ion was previously wiped clean and disinfected with a sequence
f gauze with ethanol 70◦ and gauze with povidone-iodine 3%

to reduce sample contamination or health risk to the specimens.
This is a proven non-invasive procedure, which does not affect
the health or physical condition of the specimen (Bjorndal et al.,
2010; Komoroske et al., 2011, 2012).

2.3. Analysis of elements

The whole blood and scute samples were frozen at −20 ◦C un-
til analysis. In the Toxicology Laboratory at the FMVZ-UNAM, the
blood samples were homogenized by manual shaking oscillation
and the scute samples were washed with deionized water and a

brush with plastic bristles to eliminate any superficial material

2

from the environment. A 1 g fraction of whole blood and 0.5 g
of scute were used for the quantification of the elements. These
samples were digested by the humid digestion process in 2 ml
of nitric acid at 60% and 0.5 ml of hydrogen peroxide at 10% fol-
lowing the NOM-117-SSA1-1994 methodological standards. Once
completely digested, the processed samples were filtered with
Whatman No. 2 filter paper and diluted. The digested samples
were sent to the Clinical and Analytical Toxicology Laboratory
of the Las Palmas de Gran Canaria University, where they were
stored at −4 ◦C till their analysis. All the samples were received
in perfect condition and correctly identified.

We determined the concentration levels of 49 elements, which
were classified according to their biological and toxicological
importance (Goyer and Clarkson, 2001) into four groups: Group
A: essential mineral elements with toxic potential: Co (cobalt), Cr
(chromium), Cu (copper), Fe (iron), Mn (manganese), Mo (molyb-
denum), Ni (nickel), Se (selenium) and Zn (zinc). Group B: non-
essential elements with high toxicity: Al (aluminum), As (ar-
senic), Be (beryllium), Cd (cadmium), Pb (lead) and Hg (mercury).
Group C, toxic non-essential minority elements: Ag (silver), Au
(gold), Ba (barium), Bi (bismuth), Ga (gallium), Pd (palladium),
Pt (platinum), Sb (antimony), Sn (tin), Sr (strontium), Th (tho-
rium), Ti (titanium), Tl (thallium), U (uranium) and V (vanadium).
Group D: rare-earth elements (REE) and other trace elements
(TE): Ce (cerium), Dy (dysprosium), Eu (europium), Er (erbium),
Gd (gadolinium), Ho (holmium), In (indium), La (lanthanum),
Lu (lutetium), Nb (niobium), Nd (neodymium), Os (osmium), Pr
(praseodymium), Ru (ruthenium), Sm (samarium), Ta (tantalum),
Tb (terbium), Tm (thulium), Y (yttrium) and Yb (ytterbium).

For the element analyses, we employed an Agilent 7900 ICP-
MS (Agilent Technologies, Tokyo, Japan) equipped with standard
nickel cones, Ultra High Matrix Introduction (UHMI) system, and
a Cross-Flow Nebulizer with a make-up gas port (X400 Nebulizer,
Savillex Corporation, Eden Prairie, MN, USA). We followed the
previously validated procedure in our laboratory, using certified
reference materials (González-Antuña et al., 2017). Two standard
curves (twelve points, 100–0.005 ng/mL) were made to avoid in-
terferences between elements: a) one using a commercial multi-
element mixture (CPA Chem Catalog number E5B8.K1.5N.L1, 21
elements, 100 mg/L, 5% HNO3) containing for all the inorganic
elements (metals, metalloids, and non-metals) b) multi-element
mixture tailor-made in our laboratory, which contained the REE
and TE most frequently employed in the high-tech industry. The
concentrations of elements below the limit of detection (LOD)
were assigned a zero (0) value and all the metal concentrations
were expressed as micrograms per gram of wet weight (µg/g−1

of w.w.).

2.4. Statistical analysis

Database management and statistical analysis were performed
using R software (R-3.5.2 version). The mean, standard deviation,
median, and range were determined for each parameter. Because
the data were not normally distributed, the statistical analyses
involved the use of non-parametric tests. The differences among
the tissues were tested through Wilcoxon signed-rank test in the
paired analysis. In addition, continuous variables were analyzed
by the Spearman correlation test. The P values of less than 0.05
(two-tail) were considered statistically significant.

3. Results and discussion

The complete profile and P values of all inorganic elements in
blood and scute is shown in Fig. 1, the distribution of blood and
scute concentrations is listed in the order of highest to lowest

concentration of the element between both tissues.
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Group A, corresponding to essential elements, showed the
ighest concentrations. For the great majority of elements, the
cute concentrations were higher than those found in the blood,
xcept for Fe, Se, Be, Hg, Ag, Ce, and Os. These findings support
revious reports, suggesting that scute in sea turtles acts as a
epository where metals are stored after they have been metab-
lized and excreted into a keratinized tissue (Komoroske et al.,
011, 2012; Bezerra et al., 2013). Moreover, it is also indicative of
onger-term exposure and useful for monitoring concentrations of
norganic elements (Jakimska et al., 2011a,b). These findings are
onsistent with those reported in other studies (Komoroske et al.,
011, 2012; Bezerra et al., 2013).
Essential minerals are required for physiological processes

n the body and are commonly found in high concentrations
n different tissues (Cortés-Gómez et al., 2017; Jakimska et al.,
011a,b). To date, there have been no known studies in nesting
awksbill turtles that have used scute as a biomonitoring tissue,
nd to our knowledge, ours is the first study to analyze inorganic
ineral concentrations of scute in hawksbill turtles. Table 1 sum-
arizes the concentrations of the elements found in blood and
cute tissues.
Concentrations within Group A (essential mineral elements

ith toxic potential) are summarized in Table 1, where no ele-
ents were found below LOD. Median elemental values in the
lood were ranked as: Fe > Zn > Se > Cu > Ni > Mn > Mo > Cr > Co,
hile those in scute were ranked as: Fe > Zn > Ni > Cu > Cr > Mn >
e > Mo > Co. Elements found to be in the greatest concentrations
n blood were metals preferentially associated with red blood
ells (Fig. 1) relative to whole blood (Goyer and Clarkson, 2001).
n other studies of different species of sea turtles (Camacho et al.,
014; Jerez et al., 2010; Ley-Quiñonez et al., 2011), Zn has been
eported to be the most abundant element present in different
issues.

Hawksbill sea turtles are one of the least-studied species re-
arding their contamination status, as only the levels of inorganic
lements in the Pacific (Anan et al., 2001; Suzuki et al., 2017), Per-
ian Gulf (Ehsanpour et al., 2014), East Wider Caribbean Region
Dyc et al., 2015) and Atlantic (Camacho et al., 2014) popula-
ions have been reported. A study on nesting hawksbill turtles
Ehsanpour et al., 2014) had reported Cu, Zn and TE elements in
hole blood. However, the results were originally published in
ry weight and no moisture content was reported by the authors.
ompared to other studies, the concentrations of Cr, Cu, Mn, Ni,
e and Zn in whole blood of juvenile hawksbills were found at a
ate of 4.4 to 4.7 times lower (Camacho et al., 2014) than those
eported in the present study, while Ni and Se presented a greater
ifference, with 37 and 12.3 times lower respectively.
These differences could be related to geographic variations

n the diet, age, and physiological status. Juvenile hawksbills
ypically consume what is available at the pelagic zone, whereas
dults, who feed in coastal waters, subsist on a diet comprised
rimarily of sponges. Some studies have indicated that
io-accumulation of Se by sponges could be due to the high
ependence of the species on the element for growth (Müller
t al., 2005). As these sponges represent a significant portion of
dult hawksbills’ diet, this relationship probably accounts for the
igh levels of Se found in their tissues.
Some authors like Ley-Quiñonez et al. (2011) mention the

ifficulty in establishing whether the high concentrations of Se in
ea turtles can be considered a toxic factor; however, selenome-
hionine is considered to be the primary form of organic selenium
elevant for bio-accumulation and toxicity in wildlife (Dyc et al.,
015, 2016). It has been suggested that the presence of Se in sea
urtle eggs could be toxic for the embryo (Lam et al., 2006), and
mother-embryo metal transfer has been demonstrated in sea
urtles (Paez-Osuna et al., 2010a,b, 2011; Dyc et al., 2015). The

3

registration of high concentration should not be underestimated,
as much remains to be learned regarding Se toxicity for reptiles
and marine wildlife. The essential elements (Cu, Cr, Mn, Ni, Se,
and Zn) play vital roles in tissue metabolism and growth. How-
ever, the negative effects of some of these elements on sea turtles
are not well known.

Concentrations within Group B (non-essential elements with
high toxicity) are summarized in Table 1, where only beryllium
(Be) was present above LOD in 56% of blood samples and below
LOD in all scute samples. All other elements were present in both
tissues. Most of the values in this group were similar to others
published for different species (Cortés-Gómez et al., 2017). The
median elemental values in the blood and scute were ranked as:
Al > As > Pb > Cd > Hg > Be.

It is noteworthy that the levels of As in scute and blood were
not significantly different (P = 0.7019), which could indicate
a fast excretion through this type of keratinized tissues such as
scute (Goyer and Clarkson, 2001). The arsenic concentrations in
blood (median 0.82 µg/g−1 in w.w.) were found at double the
levels reported in juvenile hawksbills (Camacho et al., 2014). The
arsenic compounds in seawater are mainly comprised of arsen-
ates including arsenite, methylarsonic acid, and dimethylarsinic
acid (DMA) (Saeki et al., 2000), where DMA tended to be the
most common arsenic compound found in sea turtles and in
higher concentrations in hawksbill turtles (Saeki et al., 2000).
These arsenic compounds bio-accumulate more intensively in sea
turtles than in other marine animals, and the explanation for it
could be that their preys contain high levels of arsenic or that the
metabolic processes are different for sea turtles (Jakimska et al.,
2011a). Although DMA is less toxic, it may be necessary to inves-
tigate the influences of DMA on different tissues of sea turtles due
to the DNA damage induced by free radicals of DMA metabolites,
dimethylarsine and molecular oxygen in other species (Okada and
Yamanaka, 1994).

The concentrations within Group C (toxic non-essential minor-
ity elements TE) are summarized in Table 1, where no elements
were found below LOD. The median elemental values in the blood
were ranked as: Sr > Ba > Sn > V > Ti > Sb > U > Ag > Bi > Pd >
Tl > Th > Pt > Ga > Au; while those in scute were ranked as: Sr
> Ba > Sn > Ti > V > Sb > Pd > U > Bi > Pt > Ag > Ga > Tl > Th >
Au. The scute concentrations of these elements were higher than
those found in the blood except for Ag.

The most studied TE in sea turtles to date are Ag, Ba, Sb, Sn,
Sr, Ti, Tl, and V (Komoroske et al., 2011; Labrada-Martagón et al.,
2011; McFadden et al., 2014; Carneiro da Silva et al., 2016; Villa
et al., 2017). These concentrations were lower than those in our
study. The mechanism of action underlying the adverse effects of
TE is largely unknown in many cases.

The concentrations within Group D (REE and other TE) are
summarized in Table 1, where only osmium (Os) was found below
LOD in half of the samples of blood, and 44% of scute samples. The
median elemental values in the blood were ranked as: Ce > La >
Nd > Y > In > Gd > Pr > Nb > Sm > Dy > Yb > Eu > Er > Ho > Tb
> Lu > Tm > Os > Ta; while those in scute ranked as: Ce > La >
Nd > Y > In > Nb > Pr > Sm > Gd > Dy > Yb > Er > Eu > Ho > Tb
> Ta > Lu > Tm > Os. The scute concentrations of these elements
were higher than those found in the blood, except for Ce and Os.
Most of the REE studied to date in other species are mainly Ce, La,
Pr, Nd, Ho, and Tb; these elements have been shown to produce
cytogenetic abnormalities, induce a differential expression of the
genes involved in immune response to inflammation, apoptosis,
oxidative stress, and tissue damage on the kidneys, liver, and
lungs (Cheng et al., 2014; Pagano et al., 2015a,b).

In both tissues, cerium (Ce) was the element of this group
found at the highest concentrations. It is relevant to mention that

this element has been described to be toxic in Sprague-Dawley
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Fig. 1. Distribution of blood and scute concentrations in groups A, B, C, and D. Statistical significance (P values) is indicated between blood and scute values in
he paired analysis. The Wilcoxon signed-rank test was performed for each element. The central line in each box plot represents the median value; the box denotes
he data spread from 25% to 75%, and the whiskers reflect 10%–90%, upper and lower whiskers (largest and smaller data numbers) are noted with dotted line in each
ox plot. The outliers for each distribution are plotted. Box plots are side orientated (left or right) in the order of highest to lowest concentration of the element
etween blood (left) and scute (right). In this figure we can observe that for the great majority of the elements analyzed scute concentration were higher than those
ound in the blood.
ats, causing liver tissue damage (hydropic degeneration of the
epatocytes, dilation of the sinusoids, portal inflammation, and
ibrosis of the liver) (Nalabotu et al., 2011). The second most
bundant element was lanthanum (La), for which toxicity has
lso been demonstrated. Thus, some studies have demonstrated
hat La causes nephrotoxicity (histopathological changes in the
idneys, changes in lipid peroxidation levels, increased activity of
xidative stress, decreased superoxide dismutase activity) in mice
Zhao et al., 2013), and neurotoxicological consequence of long-
erm exposure, disturbance of the homeostasis of trace elements,
nzymes, and neuro-transmitter systems in the brain of rats (Feng
t al., 2006).
4

Some authors like Wang and Yamada (2006) have reported
that REE are present at low concentrations in marine systems
in a normal way. Considerable field observations and laboratory
experiments have been conducted to study the marine cycling of
REE (Wang and Yamada, 2006; Zheng et al., 2016). Despite these
efforts, substantial uncertainties remain about the processes that
control the distribution in the ocean, the ability to interpret
patterns, the influence of physical transport, the bio-geochemical
processes, and the different sources responsible for additional
plumes, like those reported in 2016 by Zheng et al. in the tropical
South Atlantic current about the abnormal increase of Ce from
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Table 1
Inorganic elements concentrations (µg/g-1 en w.w.) in blood and scute tissues of nesting hawksbill turtles of the Yum-Balam Biosphere
Reserve, Holbox, Mexico.
Group A: essential mineral elements with toxic potential concentrations

Blood Scute Bio-magnificationa

Median ± SD Mean (Range) Median ± SD Mean (Range)

Co 0.01 ± 0.01 0.01 (n.d.–0.03) 0.02 ± 0.01 0.02 (0.01–0.4) 2
Cr 0.04 ± 0.04 0.05 (0.03–0.18) 0.94 ± 0.32 0.96 (0.5–1.54) 17.5
Cu 0.79 ± 0.88 1.10 (0.49–3.69) 1.45 ± 0.47 1.48 (0.77–2.40) 1.7
Fe 180.07 ± 36.39 181.99 (108.21–250.41) 22.75 ± 10.25 24.74 (11.33–49.55) 0.1
Mn 0.14 ± 0.05 0.14 (0.08–0.26) 0.57 ± 0.20 0.59 (0.24–0.91) 4.5
Mo 0.08 ± 0.47 0.20 (0.02–2.07) 0.18 ± 0.09 0.21 (0.11–0.44) 3.3
Ni 0.74 ± 0.47 0.88 (0.35–2.39) 2.40 ± 0.69 2.57 (1.68–4.08) 3.2
Se 7.25 ± 6.31 8.55 (1.16–23.54) 0.50 ± 0.23 0.50 (0.15–1.11) 0.1
Zn 9.64 ± 1.68 9.87 (7.67–13.28) 92.9 ± 23.46 85.52 (39.80–124.14) 8.8

Group B: non-essential elements with high toxicity concentrations

Al 1.81 ± 0.85 1.90 (0.90–3.58) 4.46 ± 2.22 5.20 (2.42–11.30) 2.4
As 0.82 ± 0.69 0.81 (0.05–2.82) 0.68 ± 0.68 0.80 (0.34–3.40) 0.9
Be 0.02 ± 0.01 0.02 (n.d. – 0.05) 0.02 ± 0.01 0.02 (n.d.–0.04) 0
Cd 0.01 ± 0.01 0.01 (n.d.–0.02) 0.01 ± 0.01 0.02(n.d.-0.04) 1.7
Pb 0.12 ± 0.10 0.16 (0.06–0.46) 0.22 ± 0.09 0.24 (0.11–0.47) 1.7
Hg 0.01 ± 0.005 0.005 (n.d.–0.02) 0.01 ± 0.02 0.01 (n.d.–0.07) 0.9

Group C: toxic non-essential minority elements, TE concentrations

Ag 0.01 ± 0.01 0.02 (0.01–0.04) 0.01 ± 0.005 0.01 (n.d.–0.02) 0.5
Au 0.005 ± 0.005 0.005 (n.d.–0.01) 0.01 ± 0.01 0.01 (n.d.–0.02) 138.8
Ba 0.63 ± 0.41 0.78 (0.27–1.93) 1.71 ± 1.71 2.49 (0.90–6.12) 2.9
Bi 0.005 ± 0.003 0.005 (n.d.–0.01) 0.02 ± 0.01 0.02 (0.01-0.1) 9.2
Ga 0.005 ± 0.003 0.005 (n.d–0.02) 0.005 ± 0.01 0.01 (n.d.–0.02) 95.3
Pd 0.005 ± 0.004 0.005 (n.d.–0.008) 0.03 ± 0.02 0.03 (0.01–0.07) 41.7
Pt 0.005 ± 0.005 0.0 (n.d.–0.005) 0.02 ± 0.01 0.02 (0.01–0.03) 270.7
Sb 0.02 ± 0.02 0.3 (0.01–0.08) 0.04 ± 0.02 0.04 (0.01–0.09) 1.8
Sn 0.23 ± 0.06 0.23 (0.13–0.35) 0.8 ± 0.36 0.74 (0.29–1.37) 3.3
Sr 1.44 ± 0.44 1.48 (0.77–2.53) 3.67 ± 3.28 4.83 (1.62–15.49) 3
Th 0.005 ± 0.005 0.0 (n.d.–0.005) 0.01 ± 0.005 0.0 (n.d.–0.01) 3.2
Ti 0.04 ± 0.01 0.05 (0.03–0.07) 0.19 ± 0.08 0.21 (0.08–0.37) 4.8
Tl 0.005 ± 0.005 0.0 (n.d.–0.005) 0.01 ± 0.005 0.01 (n.d.–0.01) 3.4
U 0.01 ± 0.002 0.01 (0.005–0.01) 0.03 ± 0.01 0.03 (0.01–0.05) 4.4
V 0.04 ± 0.02 0.05 (0.02–0.09) 0.12 ± 0.08 0.15 (0.07–0.35) 3.6

Group D: REE and other TE concentrations

Ce 0.04 ± 0.08 0.06 (0.003–0.31) 0.01 ± 0.01 0.02 (0.01–0.07) 0.4
Dy 0.005 ± 0.005 0.0 (n.d.–0.01) 0.005 ± 0.03 0.01 (n.d.–0.02) 4.1
Er 0.005 ± 0.003 0.0 (n.d.–0.01) 0.08 ± 0.005 0.01 (n.d.–0.03) 3.2
Eu 0.005 ± 0.005 0.0 (n.d.–0.02) 0.005 ± 0.03 0.01 (n.d.–0.03) 3.7
Gd 0.01 ± 0.01 0.01 (n.d.–0.02) 0.02 ± 0.01 0.01 (n.d.–0.03) 1.8
Ho 0.005 ± 0.003 0.0 (n.d.–0.01) 0.08 ± 0.005 0.01 (n.d.–0.03) 3
In 0.001 ± 0.0003 0.001(0.001-0.002) 0.003 ± 0.002 0.003(0.001-0.01) 3.1
La 0.005 ± 0.003 0.0 (n.d.–0.01) 0.08 ± 0.005 0.01 (n.d.–0.03) 3.4
Lu 0.01 ± 0.002 0.01 (0.005–0.01) 0.03 ± 0.01 0.03 (0.01–0.05) 4.3
Nb 0.005 ± 0.005 0.0 (n.d.–0.005) 0.01 ± 0.005 0.0 (n.d.–0.01) 4.6
Nd 0.005 ± 0.003 0.0 (n.d.–0.01) 0.08 ± 0.005 0.01 (n.d.–0.03) 3.3
Os 0.02 ± 0.01 0.02 (n.d. – 0.05) 0.02 ± 0.01 0.02 (n.d.–0.04) 0.4
Pr 0.005 ± 0.005 0.0 (n.d.–0.005) 0.01 ± 0.005 0.0 (n.d.–0.01) 3.2
Sm 0.005 ± 0.005 0.0 (n.d.–0.005) 0.01 ± 0.005 0.0 (n.d.–0.01) 3.8
Ta 0.005 ± 0.003 0.005 (n.d–0.02) 0.005 ± 0.01 0.01 (n.d.–0.02) 83.4
Tb 0.005 ± 0.003 0.0 (n.d.–0.01) 0.08 ± 0.005 0.01 (n.d.–0.03) 3
Tm 0.006 ± 0.004 0.0 (n.d.–0.02) 0.07 ± 0.006 0.01 (n.d.–0.04) 2.9
Y 0.02 ± 0.005 0.005 (n.d.–0.005) 0.06 ± 0.006 0.009 (n.d.–0.1) 2.9
Yb 0.005 ± 0.003 0.0 (n.d.–0.01) 0.08 ± 0.005 0.01 (n.d.–0.03) 3.7

aProportion of the biomagnified element in scute in relation to the amount recorded in blood, values ≤ 1 represent elements that were
found in greater proportion in blood.
n.d. Non detected.
nknown sources, although all processes are recognized to be
mportant for REE in marine systems.

These elements can bio-accumulate in marine invertebrates
uch as zooplankton and initiate a trophic chain transfer factor
TTF) (Palmer et al., 2006). Other studies in aquaculture on marine
ystems have reported REE concentrations in fish and bivalves
Squadrone et al., 2016), some of them with very similar values
Crassostrea gigas Ce median, 0.02 µg/g−1 in w.w.) to the scute
oncentrations of this study (see Table 1). Due to the lack of un-
erstanding regarding the toxicology of these emerging inorganic
5

elements, the potential effect of these concentrations should not
be underestimated.

4. Conclusion

Owing to their unique suite of ecological and life-history at-
tributes, sea turtles are excellent model organisms for contam-
ination risk assessment programs and studies. With the advent
of precise equipment capable of detecting pollutants at very
low levels, inorganic elements in blood and scute can be accu-
rately determined using non-invasive and non-destructive sam-
pling techniques in wild populations.
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Scute is a useful tissue for bio-monitoring concentrations of
norganic elements with an indication of longer-term exposure.
owever, the toxicokinetics are probably metal-specific and need
uture studies to facilitate the use of carapace tissues as non-
ethal biomarkers of the bioaccumulation of inorganic elements.
n order to properly measure the concentrations of Fe, Se, Be,
g, Ag, Ce, and Os, it is recommended to use blood tissue in-
tead of scute, while the rest of the elements are better identi-
ied through scute for the determination and bio-monitoring of
norganic pollutants.

The rapid development and widespread application of REE and
E technologies in industrialized countries necessitate additional
nformation on the potential health effects derived from possible
xposure to these compounds.
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