Bull Environ Contam Toxicol (2016) 96:9-14
DOI 10.1007/s00128-015-1674-6

CrossMark

@

Metals in Bone Tissue of Antillean Manatees from the Gulf
of Mexico and Chetumal Bay, Mexico

Ana G. Romero-Calderén’ - Benjamin Morales-Vela' - René Rosiles-Martinez” «

Leén D. Olivera-Gémez® - Alberto Delgado-Estrella*

Received: 4 December 2014/ Accepted: 6 October 2015/ Published online: 30 October 2015

© Springer Science+Business Media New York 2015

Abstract Concentrations of seven metals (As, Cd, Cr, Cu,
Pb, Ni, and Zn) were analyzed in 33 bone tissue samples of
Antillean manatees (Trichechus manatus manatus) found
dead in lagoons and rivers of Tabasco and Campeche in the
Gulf of Mexico and Chetumal Bay in the Caribbean region.
The concentrations of Cr, Cu, Pb, and Zn were significantly
different between regions, with greater levels found in the
Gulf of Mexico group than in the Mexican Caribbean group
(p < 0.05). Pb concentrations differed significantly between
adults and calves. No differences were observed between
sexes. Metal concentrations detected in the manatee bones
were higher than most of those reported for bones in other
marine mammals around the world. Future studies are nec-
essary to establish whether the metal concentrations repre-
sent a risk to the health of the species.
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The Antillean manatee (Trichechus manatus manatus) is an
endangered species according to the International Union
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for Conservation of Nature (Self-Sullivan and Mignucci-
Giannoni 2008). Manatees are affected by diverse classes
of persistent organic contaminants such as organochlorine
pesticides, industrial compounds, and PCBs (Wetzel et al.
2012). Trace metals have been studied in soft tissues such
as blood or skin (Stavros et al. 2008; Siegal-Willott et al.
2013; Anzolin et al. 2012) to explore baseline concentra-
tions, but not in hard tissues such as bones, where long-
term accumulation can occur. Mexico has an important
Antillean manatee population, principally in Chetumal Bay
off southern Quintana Roo (Morales-Vela et al. 2000),
which is shared with Belize. Populations are also found in
river and lagoon systems of the states of Tabasco, Ver-
acruz, and Chiapas, and the coastal region of Campeche,
which all border the Gulf of Mexico (SEMARNAT/
CONANP 2010) (Fig. 1).

The aforementioned Chetumal Bay and Gulf of Mexico
regions have long been exposed to contaminants associated
with intensive livestock husbandry and the oil industry in
Tabasco and Campeche, and with agricultural activities
such as sugar cane production in southern Quintana Roo
and northern Belize. Oil production is the principal
industry in Mexico, with extensive activity in the states of
Veracruz, Tabasco, and Campeche. However, the effects of
oil and gas pollution on manatees have not been examined
worldwide (Marsh et al. 2011). Oil production in Mexico
may increase in the coming years because of recent energy
reforms (SENER 2013).

Manatees in fluvial-lagoon systems such as in Tabasco
and Campeche show seasonal differences in feeding habits,
and movements are regulated by the rainy and dry seasons
(Pablo-Rodriguez et al. 2015). In extensive droughts, the
manatees are isolated in small lakes within ranches or other
private lands. Such seasonality causes the species greater
exposure to anthropogenic contaminants. In contrast, in
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Fig. 1 Map showing the study
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Chetumal Bay, the manatees exhibit free coastal movement
of a regular form throughout the year (Castelblanco-Mar-
tinez et al. 2013), with full access to food. However, those
manatees are exposed to principally land-based pollution
and contaminants in coastal water that arrive with the
coastal current from the southern Caribbean (Kramer and
Kramer 2002). However, in general, we expect to find
minor metal concentrations in samples from Chetumal Bay.

Metal concentrations in marine mammals are measured
in various tissues based on ease of access for sampling.
Stranding events frequently provide sampling opportunities
(Lavery et al. 2008). Cortical bone can reflect the con-
centration of certain metals accumulated over many years,
unlike soft tissues such as blood, which reflects recent
exposure (Hu et al. 2007). On this basis, we used the
cortical bone of manatee carcasses deposited in scientific
collections. The aims of the present study were to deter-
mine metal concentrations in manatee bone tissue from the
Chetumal Bay region of Mexico and coastal and riverine
areas of the states of Tabasco and Campeche on the Gulf of
Mexico. This yielded baseline information for the explo-
ration of pollutants in the species, and for comparing
concentrations between regions that are host to the largest
populations of manatees in Mexico.

Methods and Materials

Thirty-three bone tissue samples were taken from manatees
stranded in Chetumal Bay (Quintana Roo), Tabasco, and
Campeche from 1990 to 2013 (n =22, n = 7, and n = 4,
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respectively) under the research permits: SGPA/DGVS/
09924/10, 11348/10, 08287/12, 05845/13, and 08666/14.
The authorization for scientific collection was ECOSUR-
CHETUMAL DGVS/DF-CC-277-13 and SGPA/DGVS/
04237/13. Tissues were vouchered at the Zoological
Museum of ECOSUR-Chetumal (ECOSUR-CH-MM), in
the collection of the Biological Sciences Division of
Universidad Juarez Autéonoma de Tabasco (DACBIOL-
UJAT) and in the collection of marine mammals of the
Faculty of Natural Sciences (DACNAT) of the Universidad
Auténoma del Carmen, Campeche, under registration No.
CAMP-MAM-173-04-05. As described in Table 1, speci-
mens were classified in two age classes, adults
(270-325 cm long) and calves (128—194 cm long). There
was a sample with 250-cm length (from Chetumal Bay)
classified as adult.

Approximately 2 g of cortical bone was obtained from
the shaft of the humerus or radius using a disc saw with a
continuous rim diamond blade. Each sample was placed in
a plastic bag at room temperature and analyzed at the
Toxicology Laboratory, Faculty of Veterinary Medicine
and Zootechny, Universidad Nacional Autéonoma de Méx-
ico, on the main campus in Mexico City. Each sample was
prepared according to Helrich (1990), with an acid diges-
tion procedure. Then, samples were filtered and diluted to
14 mL with deionized water. Metal concentration was
determined by atomic absorption spectrometry (Perkin-
Elmer, model Analyst 3110 and 100) with a flame and
hydride generator. Blank replicates and calibration curves
were executed to read absorbance using known concen-
tration and standard reference material, i.e., bone ash (SRM
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Table 1 Mean metal concentration =+ standard deviation in bone tissue of Antillean manatees from the Mexican Caribbean and Gulf of Mexico
regions; values are expressed as pg/g wet weight of bone, except for as

s

Region ID number Sex ratio Age Cd Cr* Cu* Pb Ni Zn* As ng/g
(collection)
Mexican Caribbean MMO026 I I 4.1 6.6 42 13.3 7.1 1003 224
(sample size: 22) MMO030 F Adult 3.9 6.7 3.7 13.4 8.0 83.6 ND
MMO36 M Adult 4.6 8.4 4.7 13.6 8.2 130.2 22.9
MMO037 M Calf 3.5 6.6 34 11.8 8.7 104.2 ND
MMO039 I I 3.9 4.8 4.0 8.9 9.4 77.7 40.0
MMO040 I I 42 5.6 35 10.3 10.9 79.7 17.7
MMO044 M Calf 32 3.1 24 7.1 4.7 67.1 8.5
MMO049 M Adult 4.9 10.7 4.9 17.7 12.7 1295 88.9
MMO054 M Adult 3.7 4.9 35 9.0 6.8 44.0 ND
MMO062 F Calf 32 5.2 4.0 8.3 5.6 81.4 ND
MMO64 I I 37 9.3 4.1 143 9.0 98.8 ND
MMO65 M Adult 42 6.9 3.8 124 9.2 101.4 299.6
MMO067 M Calf 3.9 72 3.7 8.2 8.6 89.2 ND
MMO068 M Calf 4.1 6.7 3.2 9.4 8.1 90.6 ND
MMO069 M Calf 45 9.3 45 153 9.4 122.8 9.1
MMO072 F Calf 35 46 24 6.0 438 59.4 ND
MMO073 M Calf 3.8 7.3 3.7 8.3 46.5 87.8 ND
MMO074 M Calf 3.4 6.6 2.9 10.7 72 70.4 ND
MMO077 M Adult 3.6 4.7 2.5 7.4 7.4 57.8 ND
MMO86 F Adult 37 5.7 3.6 12.7 9.3 93.5 ND
MMO14 I Adult 4.6 8.1 4.6 15.8 115 109.9 ND
MMO79 F Adult 4.4 10.1 4.1 13.0 112 112.9 ND
Mean 3.9 6.8 3.7 112 102 90.5 28.2
SD 0.5 1.9 0.7 3.2 8.4 22.9 26.5
The Gulf of Mexico M1006 M Adult 4.4 8.7 4.1 10.6 7.9 96.9 ND
(sample size: 11) M1002 M Adult 4.0 112 6.3 144 11.8 108.1 ND
M1005 I Adult 43 9.8 4.9 16.2 9.3 128.4 ND
MO0802 M Calf 45 9.4 4.9 153 11.1 140.7 ND
M0904 F Calf 45 8.6 45 152 9.4 127.3 14.0
M0901 F Calf 3.8 9.2 4.8 8.8 10.1 114.4 ND
MI303NA F Adult 4.1 9.3 4.7 15.3 103 104.5 ND
NA M Adult 35 8.8 3.9 12.8 9.2 774 109
NA M Adult 3.6 6.8 3.5 133 8.2 81.4 ND
NA M Adult 4.6 8.0 4.1 15.6 9.6 120.4 ND
NA I Adult 4.0 10.0 4.1 16.4 103 1312 ND
Mean 4.1 9.1 45 14.0 9.7 111.9 12.5
SD 0.4 1.1 0.7 24 1.1 20.5 22

F female, M male, I indeterminate, NA not assigned, ND not detected

* Indicates a significant difference between regions

1400) and single element standard solutions (SRM 3100
series: 3103a (arsenic), 3108 (cadmium), 3112a (chro-
mium), 3114 (copper), 3128 (lead), 3136 (nickel), and
3168a (zinc)) from the National Institute of Standards and
Technology. Standard conditions and procedures selected
the elements arsenic (As), cadmium (Cd), chromium (Cr),

copper (Cu), nickel (Ni), lead (Pb), and zinc (Zn), to
construct the standard curve. Statistical regression indexes
(r* = 0.99) were used to transform absorbance to concen-
tration and, once the initial concentration was obtained, it
was multiplied by the dilution factor of the final volume
and divided by its weight. Final metal concentration was
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expressed in pg/g when measured in the flame only.
Arsenic concentration measured by borohydride generator
was expressed in ng/g. The standard curve for arsenic
titration was built with 10 ng (absorbance 0.02), 25 ng
(0.05), and 50 ng (0.09), and absorbance for these con-
centrations was the mean of at least three readings
(2 = 0.99).

Tests for data normality (Shapiro—Wilks) and homo-
geneity of variances (Brown-Forsythe) were performed.
The Kruskal-Wallis test was used to detect differences
between the three regions and for post hoc analysis of
pairwise comparisons using the Tukey and Kramer (Ne-
menyi) test, with Tukey-Distance approximation per-
formed in the R package PMCMR (see Sect. 1.1 of Pohlert
2015). The Student’s ¢ test was used to analyze differences
between specimen sex and age. Statistical analyses were
done using GraphPad Prism Version 6.00 for Windows
(GraphPad Software, La Jolla, CA, USA).

Results and Discussion

Thirty-three samples of bone tissue were analyzed, 22 from
the Mexican Caribbean (Chetumal Bay) and 11 from the
Gulf of Mexico (seven and four from the states of Tabasco
and Campeche, respectively; Table 1).

Concentrations in relation to sex and age. No significant
differences were observed between the sexes. Regarding
age, only the Pb concentration was higher in adults
(n = 17; mean 13.5 £ 0.6) than in calves (n = 12; mean
10.4 £+ 0.9), with a significant difference between them
(t = 2.8, df =27, p = 0.00).

Concentrations in relation to regions. Significant dif-
ferences of metal concentration was observed for Cr
(H=10.2, df =2, p=0.01), Cu (H= 124, df =2,
p=0.00), Pb H=63, df =2, p=0.04), and Zn
(H = 6.4, df = 2, p = 0.04) between regions. Specifically,
a post hoc procedure for these results show differences
(p < 0.05) between Chetumal and Tabasco, except for Pb,
for which all pairwise comparisons were non-significant.

Significant differences were found in Pb concentrations
between the two age classes, with higher concentrations in
adults. This is most likely attributable to the longer dura-
tion of exposure. Similar results were reported by Honda
et al. (1986), who showed that Pb concentration increased
with age in dolphins.

We also found differences in metal concentrations
among regions. Cr, Cu, and Zn concentrations were higher
in the group from Tabasco as compared with the group
from Chetumal Bay. The use and production of fertilizers
and pesticides, domestic effluents, and oil production in the
Gulf region are extensive (Paez-Osuna 2005) and may be
the main sources of these metals. Studies have also shown
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elevated concentrations of Pb in fish, shrimp, and croco-
diles from the Gulf (Vazquez et al. 2001; Trillanes et al.
2014). No differences were found between the Tabasco and
Campeche groups, probably because they represent the
same freshwater ecosystem and are exposed to the same
contaminants derived from livestock husbandry and the oil
industry. However, the effect of fluvial-lagoon ecosystems
on the coastal environment should be addressed in future
studies.

In general, the metal concentrations in our study were
greater than those detected in some marine mammals
worldwide (Table 2) and baseline levels of certain metals
proposed by Takeuchi (2012). However, our metal con-
centrations were low compared with the maximum tolera-
ble levels of minerals for domestic animals reported by the
National Research Council (1980). The level at which a
mineral element has an adverse effect is uncertain and
depends on many factors, such as the route of exposure and
bioavailability of the compound. Additonally, toxicities
and baseline levels of tolerance to heavy metals are not
well documented for sirenians and other marine mammals.
Pb is an element that significantly accumulates in the body
with age, possibly posing a hazard. The Pb concentrations
found in manatees are high compared with other marine
mammals (Table 2). This may reflect differences in meta-
bolic capacity in manatees for eliminating contaminants or
regional differences of exposure to contaminants, as men-
tioned above.

This descriptive study established a baseline information
on metal concentration in bone tissue of manatees for
future monitoring in the Gulf of Mexico area. Regional
differences were also shown, with values from Tabasco on
the Gulf of México greater than those in Chetumal Bay.
Long-term exposure to pollutants derived from oil pro-
duction may be the principal factor, but further sampling
should be addressed towards this assumption. With the new
energy reforms announced by the Mexican Government in
2014, the activity of oil and gas industries will increase in
coming years. Therefore, as a precautionary measure,
prevention activities must be undertaken to avoid further
exposure to potential damage in the manatee population of
the Gulf of Mexico.

The examination of live manatees for signs of toxicosis
and assessment of their general state of health, as well as
the use of other tissue types and organs to estimate rela-
tionships between metal concentrations in the bone, blood,
kidney, and liver, are valuable for establishing the risk of
metal toxicity in this species. The present study does not
establish the consequences of these toxic metals on
manatee health.

Additionally, it is necessary to study the degree of metal
tolerance in manatees to better manage and conserve the
species, as Takeuchi (2012) proposed. Other important
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essential metals, such as Ca and Fe, should be studied in
complementary analyses.
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