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Abstract

Live-strandings of cetaceans are uncommon in 
the southwestern Gulf of Mexico. However, an 
adult female bottlenose dolphin (Tursiops trunca-
tus) with normal body condition was recorded at 
Pelicano’s Beach on the coast of Veracruz State. 
Health assessment showed multiple external inju-
ries, possibly caused by the stranding event, as 
well as potential bacterial infection, and, thus, 
the individual was held in temporary facilities for 
rehabilitation. Blood samples were taken to assess 
the health status of the individual and were also 
analyzed for concentrations of 20 pollutants (14 
organochlorine pesticides [OCPs] and six heavy 
metals [HMs]). The animal was released and 
found dead within a few days. The concentration 
of OCPs and HMs were close or above the govern-
ment limits. Although these were lower than those 
reported in other living, free-ranging bottlenose 
dolphins, there are well-known negative effects 
for health. Low OCP values were attributed to an 
offloading process through lactation or mobility 
of the lipophilic OCPs that pass from blood to fat. 
Whereas HM concentrations (mainly non-essen-
tial metals: mercury [Hg], lead [Pb], and cadmium 
[Cd]—2.73, 21.13, and 12.67 µg L-1, respectively) 
were probably linked to the diet and the possible 
distribution of the specimen (possibly offshore). 
This is the first report on pollutants from anthro-
pogenic origin in the area where uncontrolled 
activities are of major concern within a protected 
national reef park. Since marine ecosystems are 
under continuous pressure, several health issues 

for top predators are being noticed; therefore, this 
study underlines the relevance of studying health 
status of marine mammals in the Mexican waters 
of the Gulf of Mexico. 
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Introduction

The common bottlenose dolphin (Tursiops trun-
catus) is a worldwide distributed cetacean species 
that is adapted to several habitat types (e.g., oce-
anic, continental shelf, coastal; Reynolds et al., 
2000). Due to this wide distribution range, this 
species presents several threats that are derived 
from its chronic exposure to a variety of anthro-
pogenic hazards. The most concerning of these is 
marine pollution, mainly due to the industrial and 
urban discharges from the coasts to the environ-
ment (Dos Santos & Lacerda, 1987; Houde et al., 
2005; Reijnders et al., 2009). Within the Mexican 
waters of the Gulf of Mexico (GoM), bottlenose 
dolphins are the most common marine mammal 
near the coast and the most extensively studied, 
specifically in the central portion where two dif-
ferent populations have been described (Morteo 
et al., 2017; Bolaños-Jiménez et al., 2021). This 
region has been qualified as relevant for the spe-
cies since the dolphins are commonly found dis-
playing several activities such as feeding (preda-
tory and depredatory strategies), socializing (i.e., 
sexual segregation), playing (i.e., using objects), 
traveling, resting, mating, and calving (Morteo 
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et  al., 2012, 2014; Morales-Rincón et  al., 2019; 
García-Aguilar, 2020).

Located in the central portion of the GoM, 
the State of Veracruz occupies a large south-
western coastal region (≈745  km) influenced by 
lands at different altitudes (i.e., ~1,800 m above 
sea level [asl]); its central coast is linked by four 
large rivers—La  Antigua, Cotaxtla, Jamapa, and 
Papaloapan Rivers (Fuentes-Mariles et  al., 2014). 
The runoff of this system leads to the dissemina-
tion of several natural and synthetic compounds in 
the environment, which consequently end up at sea, 
mainly in the Veracruz Reef System National Park 
(VRSNP). This area is one of the most important 
reef complexes in Mexico, although humans have 
severely impacted the coastal zone since colonial 
times (i.e., the 16th century; Ortiz Lozano et  al., 
2015). It is now influenced by the largest and most 
populated metropolitan zones in the state (in 2020, 
both Veracruz and Boca del Río cities had 751,759 
inhabitants combined) and is one of the main com-
mercial ports in the GoM and Latin America (in 
2021 alone, there were 2,012 containers moved 
weekly; Aguilar Sánchez & Ortiz Escamilla, 2011; 
Official Journal of the Federation [DOF], 2012; 
Administración Portuaria Integral de Veracruz 
S. A. de C. V. [APIVER], 2022; Secretaría de 
Comunicaciones y Transportes [SCT], 2023).

This area is also affected by the Alvarado lagoon 
system, located 70 km to the southeast (influenced 
by the population of the Alvarado municipality 
consisting of 57,035 inhabitants by 2020), and the 
Papaloapan River, which is formed by the conflu-
ence of several rivers that collects the discharges 
from sugar refineries, as well as large agricul-
ture and cattle farms (Thiébaut, 2018; Comisión 
Nacional del Agua [CONAGUA], 2020; Instituto 
Nacional de Estadística y Geografía [INEGI], 
2021). All these chemical assemblages through-
out the systems promote changes in the coastal 
zone as a reservoir of pollutants (Iwata et  al., 
1995). In particular, the VRSNP area has under-
gone drastic changes due to the impact of urban 
development, marine traffic, sediment removal, 
and runoff from industrial areas, carrying pollut-
ants like heavy metals (HMs), hydrocarbons, and 
pesticides produced by anthropic activities (e.g., 
agriculture, urban, and industrial sources) near 
coastal and adjacent areas (Montessoro-Méndez, 
2007; Castañeda-Chávez et  al., 2020; Mapel-
Hernández et al., 2021). The exact flux of water 
from the rivers to the GoM is currently unknown, 
and the same applies to the quantity of nutrients, 
elements, and chemical compounds, especially in 
the VRSNP area, which certainly could affect the 
biogeochemical cycles. Thus, the concentration of 
pollutants in marine ecosystems has become an 
important concern due to their presumed variety, 

persistence, availability, bioaccumulation, bio-
magnification, and impact on ecosystem health 
(Das et al., 2003; Murphy et al., 2018).

It is noteworthy that at least 34 banned and 13 
restricted pesticides are still illegally used in Mexico 
(Ruiz-Gamboa et al., 2018) despite their high tox-
icity, persistence, and severe associated problems 
such as immune system depression, reproductive 
implications, hormonal disruption (e.g., endometri-
osis and/or infertility), neurotoxic potential, tumer-
ogenic effect, liver and kidney damage, among 
others (Busbee et al., 1999; Sang & Petrovic, 1999; 
Gourounti et al., 2008; Jayaraj et al., 2016; Murphy 
et  al., 2018; Kang et  al., 2022; Reckendorf et  al., 
2023). These affect organisms in every link in the 
trophic web in several ecosystems on the planet 
(Sitaramaraju et al., 2014). On the other hand, HMs 
(also denominated trace metals; Libes, 2009) natu-
rally occur in the earth’s crust and consequently in 
the environment (e.g., copper [Cu], zinc [Zn], man-
ganese [Mn], iron [Fe], molybdenum [Mo],  cobalt 
[Co]), and some are considered essential for cellular 
biochemical reactions. In high concentrations, these 
may also be highly toxic (Jakimska et al., 2011; Li 
et al., 2017; Ruiz et al., 2021).

The distribution routes for both types of pol-
lutants, organochlorine pesticides (OCPs) and 
HMs, may include spraying, farming, and indus-
trial waste (Centers for Disease Control and 
Prevention [CDC], 2017), which will dissolve in 
water and air afterward, and subsequently enter 
organisms at all trophic levels (Islam et al., 2022) 
by contact and absorption through mucosa/skin. 
However, ingestion represents the primary expo-
sure mechanism, as well as direct water-skin con-
tact; also, indirect exposure may occur in utero 
or by feeding on the mother’s milk (Honda et al., 
1987; Pardío et al., 1998; Gourounti et al., 2008; 
Loseto & Ross, 2011).

In marine mammals, OCPs are recognized for 
acting as hormonal disruptors, leading to repro-
ductive failure, as well as metabolic and neurolog-
ical disorders (Das et al., 2003; Rosales-Ledezma 
et  al., 2011). In marine mammals, bioaccumula-
tion of these compounds is related to endocrine 
system dysfunction and changes in reproductive 
behavior (O’Shea et  al., 1998; Das et al, 2003), 
as well as immunosuppression and susceptibil-
ity to infectious disease (Litz et  al., 2014; Dron 
et al., 2022), and even to cancer development, like 
urogenital carcinoma in the California sea lion 
(Zalophus californianus) (Gulland et al., 2020).

Furthermore, non-essential HMs (e.g., mercury 
[Hg], lead [Pb], and cadmium [Cd]) have great 
relevance due to the lack of metabolic routes for 
their elimination; these pollutants can disrupt cel-
lular events (e.g., proliferation, differentiation, 
apoptosis, damage-repairing process; Balali-Mood 
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et al., 2021), and their unusual amounts in marine 
fauna, such as marine mammals, may be associated 
with dermatitis as well as liver and kidney damage 
(Friberg et  al., 1992; Das et  al., 2003; Sorensen 
et al., 2008; EPA, 2023a). In humans, HMs pres-
ent neuro-, nephron-, hepato-, cardiovascular-, and 
geno-toxicity, as well as skin damage, leading to 
reproductive problems, but they can also affect 
the immune system, causing an autoinflamma-
tory response that results in a decrease in immune 
defense (Mishra, 2009; Guo et  al., 2010; Anka 
et al., 2022), and play a role in cancer development 
(e.g., intestine; Engwa et  al., 2008; Tchounwou 
et al., 2012; Kim et al., 2015).

As long-living apex predators that inhabit estua-
rine, coastal, and offshore waters, marine mammals 
often occupy high trophic levels; their large storages 
of fatty tissue can accumulate high concentrations of 
organic and inorganic pollutants such as OCPs and 
HMs (Aguilar, 1985; Veinott & Sjare, 2006; Reif 
et al., 2015). Therefore, marine mammals are con-
sidered integrative indicators of the aquatic envi-
ronment quality and, thus, of the components that 
generate a potential risk for public health (Bossart, 
2006; Nogueira, 2007; Reif et al., 2015).

Marine mammal strandings usually occur due 
to natural causes (e.g., age, disease, predation), 
but these may also have anthropogenic origins 
(e.g., bycatch, toxicosis by petroleum) (Caurant 
et al., 1994; Das et al., 2003; Arbelo et al., 2013; 
Moore, 2018; Seguel et  al., 2020). Therefore, 
analyses of stranded marine mammal tissues are 
considered useful resources to assess environ-
mental health and potential risks to megafauna 
and human health such as the impact of persistent 
chemical pollutants that may lead to quantify-
ing the cause-and-effect and evidence of adverse 
effects in ecosystem health.

Since 2014, all personnel involved in marine 
mammal stranding events in Mexico have been 
compelled to follow a federal protocol (DOF, 
2014) wherein samples are taken from necropsies; 
these are a source of data that can provide valu-
able information about the risk to which organ-
isms are exposed. These samples have shown 
presence of pollutants mainly in the blubber of 
stranded dolphins, but instances still are very 
limited (Ruelas-Inzunza et  al., 2003; Delgado-
Estrella et al., 2015; Flores-Sánchez et al., 2018; 
Ruiz-Hernández et al., 2022). Studies on the con-
centration of OCPs and HMs in marine mammal 
tissues and organs conducted in the GoM are gen-
erally concentrated in the northern portion involv-
ing only the United  States (Kuehl & Haebler, 
1995; Meador et  al., 1999; Balmer et  al., 2011, 
2015). Conversely, the report of these pollutants 
in the VRSNP has been focused on sediments, 
water, and fish (Rosales-Hoz et  al., 2007, 2009; 

Montoya-Mendoza et al., 2023). Despite the inci-
dence of several dolphin strandings documented 
since the early 1990s, there are no reports on pol-
lutants for marine mammals such as the bottlenose 
dolphin in this area. Therefore, this study aimed 
to detect and quantify OCP and HM concentra-
tions in a live-stranded bottlenose dolphin in the 
VRSNP, providing basic information in toxicol-
ogy with implications for conservation of small 
odontocetes in the southern GoM.

Methods

Three blood samples were collected (~1 ml) during 
clinical management from the periarterial venous 
in the caudal fin. These samples were conserved 
in ethylenediaminetetraacetic acid (EDTA) tubes, 
following standardized protocols for medical 
standard procedures and toxicology (see Bossart 
et  al., 2001). Morphometric data was collected 
using a measuring tape, and general health was 
assessed according to the body condition scoring 
system (Body Condition Score [BCS]) proposed 
by Joblon et al. (2014).

Determination of Persistent Pollutants (OCPs 
and HMs)
The presence and concentration of 14 organochlo-
rines (hexachlorobenzene [HCB], hexachlorocy-
clohexane [α-HCH], β-HCH, δ-HCH, lindane, 
heptachlor, heptachlor-epoxic, endosulfan, endo-
sulfan-sulfate, p,p’-DDE, o,p’-DDT, p,p’-DDD, 
endri-aldehyde, and dieldrin) and six heavy 
metals (chromium [Cr], nickel [Ni], Zn, Cd, 
Pb, and Hg) were evaluated for the individual. 
Blood samples were refrigerated until toxico-
logical analysis at the Laboratory of Toxicology 
of the Veterinary Medicine Faculty (Universidad 
Veracruzana) and Laboratorio de Investigaciones 
Acuáticas (LIRA) at Instituto Tecnológico de 
Boca del Río (ITBOCA). OCPs were measured 
using gas chromatography electron capture 
detection (Agilent 6890; Agilent Technologies, 
Santa  Clara, CA, USA) according to Murphy 
(1972) and determined on a µg kg-1 lipid weight 
(Lw) basis. For HMs, the sample was analyzed 
by flame atomic absorption spectrophotometry 
with a Thermo Scientific Model Ice 3500 AA 
System (Thermo Fisher Scientific Inc., Waltham, 
MA, USA) and expressed in µg L-1. If concentra-
tions fell below the limit of quantification, these 
were set at half the detection limit. Since tox-
icity guideline levels for marine mammals have 
not been proposed for potential health effects of 
contaminants that may be of concern, we used 
common laboratory rats (Rattus norvegicus) as 
reference for toxicity, expressed as Reference 
Dose (RfD) (EPA, 2023b).
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Figure 1. Location of the adult female bottlenose dolphin (Tursiops truncatus) stranding in Boca del Río, Veracruz (green cross) 

Results

The experimental subject was found live-stranded 
at Pelicano’s Beach in Boca del Río, Veracruz, on 
3 February 2010 (Figure 1) and was classified as 
an adult female bottlenose dolphin. A local strand-
ing protocol was activated, where federal authori-
ties coordinated staff from the Veracruz Aquarium 
and the Marine Mammal Laboratory (LabMMar, 
IIB-UV) at Universidad Veracruzana.

Standard photo-identification of the dorsal fin 
was used to search for the identity of the individual 
using previous data from the area (VRSNP, unpub. 
data, 2005-2007), as well as adjacent sites (Alvarado 
and Nautla, unpub. data, 2002-2003 and 2002-2010, 
respectively); however, no match was found within 
over 400 different coastal individuals from the cata-
logs by LabMMar, IIB-ICIMAP-UV (see Morteo 
et  al., 2014; Hernández-Candelario et  al., 2015). 
The total length of the dolphin was 323 cm, and it 
weighed roughly 200 kg. During the clinical and 
behavioral examination, the animal reacted actively 
and exhibited a fair body condition (BCS = 3). On 
the same day, we performed two attempts of release 

in shallow (15 m) waters, and the individual was 
loosely followed upon liberation by staff aboard a 
boat and a jet ski to verify its swimming speed and 
direction, as well as its breathing rate and general 
behavior; however, it moved erratically towards the 
coast, exhibiting fatigue and a tendency to float on 
her left side. Approximately 20 min later, this indi-
vidual was sighted alive on shore at ~350 m to the 
southwest and was consequently translocated for 
rehabilitation at the Veracruz Aquarium. At these 
indoor aquarium facilities, the age of the individual 
was roughly estimated (> 25 y) according to teeth 
wear (Figure 2a; Townsend et al., 2018), compar-
ing the teeth wear with local stranded and aged 
individuals through growth layer groups of dentine 
(Mendoza-Martínez, 2019).

Gross Pathologic Findings in the  
Bottlenose Dolphin 
Multiple external injuries were found such as 
recent abrasions in the tip of the rostrum and 
the anterior part of the eye (~4 cm; Figure 2a). 
Ocular lesions were found such as unilateral 
ulcerative keratitis with axial corneal opacities 
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Figure 2. External lesions found in the female bottlenose dolphin stranded at Boca del Río, Veracruz: (a) epidermal rounded 
and reddish areas (4 cm) in lower and upper jaw with proliferative tissue in ulcerative areas; and (b) right eye, with unilateral 
ulcerative keratitis, conjunctival and palpebral irritation, swelling, edema, and a recent laceration at the upper eyelid.

Figure 3. Oral cavity inspection of the female bottlenose dolphin stranded at Boca del Río, Veracruz: oropharyngeal area 
with severe erythema and serous-purulent plaque with bilateral lymph node hypertrophy.
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and conjunctival and palpebral irritation as well 
as swelling (Figure 2b). Inspection of the oral 
cavity revealed redness and erythema in pharyn-
geal mucosa with the presence of serous-purulent 
material; this suggests an active infectious disease 
(Figure 3). Epidermal chronic lesions were identi-
fied in the lower and upper jaw as well as the ante-
rior portion of the eye, corresponding to ulcerative 
areas with proliferative tissue. Also, a 40-cm “V” 
shaped scar at the left flank was identified, sug-
gesting a possible interaction with fisheries; and a 
parasite barnacle (Xenobalanus sp.) was found at 
the right pectoral flipper.

After 21 d under veterinary care (fed with 
local fish) and treatment (i.e., wound care and 
broad range antibiotics), federal authorities man-
dated the animal to be released in shallow waters 
(~15 m). At this point, the animal had not finished 
its antibiotic treatment but was already eating live 
local fish provided at the tank. She also swam 
and breathed normally. Unfortunately, 5 d after 
the release (on 27 February), her dead body was 
identified southwest of the first stranding site, 
confirmed by both the dorsal fin and molecular 
analyses (PCR; see Montano-Frías, 2009).

Determination of Persistent Pollutants (OCPs 
and HMs)
The concentration of OCPs in blood samples of 
the bottlenose dolphin was compared with the 
concentration observed in other tissues in the 
same species (Table 1). The results showed the 
presence of all pesticides analyzed and, except 
for HCB and endosulfan I, all were above RfD 
values. The concentration of OCPs in blood 
ranged between 1.63 and 3.26 µg kg-1 for HCH 
isomers (α-, β-, δ-HCH) and between 3.51 and 
4.62 µg kg-1 for dichloro-diphenyl-trichloroethane 
(DDT) and its metabolites (p,p’-DDD and p,p’-
DDE). The results of essential HMs (Cr, Ni, and 
Zn) presented concentrations within the range or 
even lower than the permissible limit for humans 
(Table 2); furthermore, these concentrations were 
lower than those reported in dolphins from other 
areas of the GoM (Sorensen et al., 2008). The non-
essential metals, such as cadmium (Cd) and lead 
(Pb) (21.13 and 12.67 µg L-1, respectively), also 
showed a similar trend compared to the concen-
tration of essential metals previously mentioned, 
which were above those reported for human blood 
but below those reported for bottlenose dolphins 
from other sites within the GoM (Sorensen et al., 
2008). The concentration of Hg (2.73 µg L-1) 
was within the range for human blood (0.32 
to 10 µg L-1; Agency for Toxic Substances and 
Disease Registry [ATSDR], 1999; McKelvey 
et al., 2007; Wodzebeyew, 2014), although lower 
than that reported for the species.

Discussion

Strandings of cetaceans are uncommon in the 
southwestern GoM since these are rarely reported 
and barely documented, and because live-stranded 
individuals are extremely rare. For instance, from 
the 47 bottlenose dolphin strandings reported along 
the coast of Veracruz State since 1992, only one 
was alive (LabMMar, unpub. data; Table 3). Due 
to the type of sample reported in this study, limited 
information was available. The only other study that 
reported concentrations in blood found low HCB 
values in stranded bottlenose dolphins from Sarasota 
Bay, Florida (Yordy et al., 2010b). Exposure leading 
to concentrations above the identifiable threshold 
(which is the case for the individual) has been linked 
to increased liver weight, progressive glomerulone-
phrosis, and blood vessel aneurysms. Different fac-
tors may affect the relationship between lipids and 
OCPs in the blood, such as their mobility towards 
other tissues by their lipophilic nature (Kleivane 
et al., 1995; Yordy et al., 2010a, 2010b, 2010c; 
Damseaux et al., 2017); thus, OCP concentrations 
vary depending on the analyzed tissue. Given that 
the concentration of contaminants in the fat layer 
of the stranded female bottlenose dolphin is in fact 
unknown, these may actually be present consider-
ing the body condition of this female, notwithstand-
ing the low concentration of all OCPs in the blood 
detected.

On the other hand, it must be noted that β-HCH, 
α-HCH, and δ-HCH concentrations are typically 
lower in females than in males, and this is related to 
the elimination of these compounds from their body 
via maternal offloading (i.e., lactation). Conversely, 
reproductive status, infectious disease processes, 
stress periods, and starvation may cause the con-
centration of these compounds to increase (Thomas 
& Colborn, 1992; Reddy et al., 1998; Debier et al., 
2006; Yordy et al., 2010c; Hayes et al., 2022).

The proximity of the VRSNP to intensive 
human activity led us to hypothesize high con-
centrations of pollutants, based on data from sedi-
ments (ƩDDTs from < 0.01 to 34.11 µg kg-1, and 
ƩHCHs from 22.10 to 102.80 µg kg-1; Briones-
Venegas et al., 2023) and those obtained from 
other southeastern regions of the GoM (e.g., p,p’-
DDD, p,p’-DDE, o,p’-DDT, α-HCH, β-HCH, 
δ-HCH, heptachlor, endosulfan; Delgado-Estrella 
et al., 2015; Flores-Sánchez et al., 2018; Table 1), 
but this was not the case for the blood sample. As 
the VRSNP possesses high human activity, with 
large inflow from important rivers (Ortiz-Lozano 
et al., 2005; Gutiérrez-Ruíz et al., 2011), concen-
trations of HCB reported herein are relatively low 
compared to other sites like Sarasota Bay, which 
also has a large human population and is influ-
enced by a large river (i.e., the Mississippi River) 
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Table 2. Heavy metal (HM) concentration (µg L-1) in the blood of bottlenose dolphins
H

ea
vy

 m
et

al
s (

H
M

s)

Bryan et al., Sorensen  Stavros  Schaefer  Titcomb  
Studies This study 2007 et al., 2008 et al., 2008 et al., 2015 et al., 2017

Navy Marine 
Mammal 

Veracruz- Sarasota  Program Charleston, Indian River Indian River 
Location Boca del Río Bay, FL (MMP) SC Lagoon, FL Lagoon, FL RfD*

Sample type Bl Bl Bl Bl Bl Bl Human Bl

Cr 28.19 -- 100 -- -- -- 20-30a

Ni 5.45 -- -- -- -- -- 1d

Zn 3.98 5.27 ± 0.125 7.2 × 103 2,370 ± 394 -- -- > 1,000e

Cd 21.13 -- -- -- -- -- 50b

Pb 12.67 0.568 ± 0.0236 -- -- -- -- 50-100c

Hg 2.73 -- -- 147 ± 88 540.54 ± 199.7 ± 61.8 to 0.32-10e, f, g

477.27 990.5 ± 487.0

Bl = blood; *Reference Dose for health effects in humans
aATSDR, 2008; bATSDR, 2012; cCDC, 2012a; dWHO, 1996; eATSDR, 1999; fMcKelvey et al., 2007; and gWodzebeyew, 2014

discharging organic matter, nutrients, and pollut-
ants from inland, and the oil exploration off the 
coast of Florida (Yordy et al., 2010b).

Accordingly, HM concentrations were also 
lower than those reported in other regions (in the 
U.S.) for the same species (Sorensen et al., 2008; 
Stavros et al., 2008). Our results on essential metals 
(Zn and Ni; Table 2) also showed low values even 
when compared with normal values in human blood 
reported by the World Health Organization (WHO, 
1996; Simon-Hettich et al., 2001). It should be noted 
that the concentration of chromium (Cr) and nickel 
(Ni) are typically maintained at low levels, and their 
toxicity has not yet been described (Law, 1996; Das 
et al., 2003). Even so, the effect of these elements 
may have important physiological consequences. 
For instance, low concentrations of Cr tend to affect 
metabolic efficiency and the activity of the immune 
system; conversely, in high concentrations, it can 
cause irritation in the respiratory tract and suscepti-
bility for developing lung cancer (Snitynskyĭ et al., 
1999; Sharma et al., 2022). Deficiency of essential 
trace metals in blood may be caused by fast assimi-
lation in the system and its use in several biochemi-
cal reactions in cellular processes (Jomova et al., 
2022).

On the other hand, non-essential metals such as 
mercury (Hg) in the organic form (methylmercury 
[CH3Hg+]) are far more toxic and easily bioac-
cumulated than in their metal form (Law, 1996). 
Due to the latter, their concentration would be 
expected to be high, especially in top predators. In 
this study, the observed concentration (2.73 µg L-1) 
is between 190 to 260 times lower compared to 

bottlenose dolphins in the Indian River Lagoon, 
Florida (Schaefer et al., 2015), and 54 times lower 
compared to the same species in South Carolina 
(Stavros et al., 2008). However, these values are 
noteworthy given that under chronic exposure such 
as mining activities, Hg concentrations in human 
blood are usually lower (0.16 to 0.78 µg L-1) as 
found by Wodzebeyew (2014) in the region of 
Ghana.

Furthermore, most studies on cadmium (Cd) con-
centrations have been performed in organs due to its 
bioaccumulation capacity (e.g., liver, kidney; Aubail 
et al., 2013; Monteiro et al., 2016; Page-Karjian 
et al., 2020). However, blood has also been shown 
to be a good indicator of metal concentration as it is 
a transport route (Rafati Rahimzadeh et al., 2017). 
The high concentration of Cd found in this study 
(21.13 µg L-1) was 28 times higher than that reported 
in red blood cells and plasma in species such as 
the long-finned pilot whale (Globicephala melas) 
(< 10 µg L-1; Caurant & Amiard-Triquet, 1995).

The stranded female bottlenose dolphin in this 
study showed values for at least two elements 
(Cd = 21.13 and Hg = 2.73 µg L-1) that far exceed 
the limits established by the U.S. Environmental 
Protection Agency (EPA) as the threshold concen-
tration for chronic behavior in marine environ-
ments (7.9 and 0.94 µg L-1 for Cd and Hg, respec-
tively; EPA, 2016, 2023c). Variations and toxicity 
levels may occur due to dietary habits; biological 
characteristics such as age, sex, and reproductive 
stage; marine mammal species; and the blood resi-
dence time as a vehicle for the transfer of such 
compounds to the organs (Rafati Rahimzadeh 
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Table 3. Bottlenose dolphin strandings between 1992 to 2023 in Veracruz, Mexico. All reported strandings were of individuals. 

Date Location

May 1992 Isla Lobos Tuxpan
March 1993 Tamiahua Tamiahua
June 1993 Cabo Rojo Tamiahua
July 1993 Sontecomoapan Catemaco
July 1993 Cabo Rojo Tamiahua
Oct 1993 Barra Galindo Tuxpan
Oct 1993 Alvarado Alvarado

March 1993 Alvarado Alvarado
June 1994 Lechuguillas Vega de la Torre
June 1994 El Raudal Nautla 
June 1994 Sontecomoapan Catemaco
Oct 1994 Alvarado Alvarado
June 2009 Boca del Río Veracruz 
Feb 2010 Boca del Río Veracruz*
April 2012 El Raudal Nautla 
April 2012 Alvarado Alvarado
May 2012 Santa Anna Boca del Río 
June 2012 Coatzacoalcos Coatzacoalcos 
Nov 2012 Playa Norte Veracruz 
Jan 2013 Malecón Costero Coatzacoalcos
July 2013 Isla Verde Veracruz 
Sept 2013 Casitas Tecolutla 
Sept 2013 Casitas Tecolutla 
Sept 2013 El Raudal Nautla 
Dec 2013 Playa Norte Veracruz 
Feb 2014 Playa Norte Veracruz 
Dec 2014 Coatzacoalcos Coatzacoalcos
Dec 2014 Tecolutla Tecolutla 
Dec 2014 La Mancha Actopan
Jan 2015 Playa Santander Alto Lucero
Jan 2015 Tuxpan Tuxpan

April 2015 Playa de San Juan Ángel Úrsulo Galván 
April 2015 Chachalacas Tonalá
June 2016 Antón Lizardo Alvarado 
July 2016 Alvarado Alvarado 
Feb 2017 Coatzacoalcos Coatzacoalcos 

March 2017 Playa Barra Norte Tuxpan
May 2017 Barra Galindo Tuxpan
June 2017 Rancho Playa Papantla 
June 2017 Alvarado Alvarado 
May 2018 Alvarado Alvarado 
May 2018 Alvarado Alvarado 
July 2021 Chachalacas Tonalá
Feb 2022 Tlacotalpan Veracruz 

April 2022 Las Barrillas Coatzacoalcos 
Aug 2022 Chachalacas Tonalá 
May 2023 Riviera Veracruz

*This study
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et al., 2017; Fisher & Gupta, 2022); however, the 
concentration of these elements in blood is con-
sidered a good indicator of exposure to pollutants.

Despite HMs being ubiquitous in the environ-
ment and that they can be recycled, absorbed, and 
adsorbed by particulate matter, during the desorption 
processes (Wafo et al., 2012; Cáceres-Choque et al., 
2013), HMs are able to migrate to the sediment-
water interface and can subsequently bioaccumulate 
and biomagnify within marine food webs (Murphy 
et  al., 2018; Fang et  al., 2019; Mapel-Hernández 
et al., 2021).

Considering that high concentrations of OCPs 
and HMs have been reported in the study area 
(Celis-Hernández et  al., 2017; Briones-Venegas 
et al., 2023), the low values for the specimen ana-
lyzed herein may at least have two alternatives: 
(1) either the VRSNP ecosystem has contrast-
ing anthropogenic uses and/or different paths, 
thus buffering the effects into the bottlenose dol-
phin population; or (2) due to the high mobility 
of the species, this animal came from a differ-
ent area (possibly an offshore population). The 
latter seems to be the case as suggested by the 
lack of information for the individual, based on 
intensive photo-identification surveys (i.e., over 
70% of adults show permanent marks according 
to Morteo et al., 2017), but also for the presence 
of Xenobalanus sp., which is uncommon in areas 
with persistent freshwater runoffs (Hohn et al., 
2022) such as the VRSNP.

The oral lesions found in the bottlenose dolphin 
stranded in Boca del Río, Veracruz, such as ery-
thema in pharyngeal mucosa with serous-purulent 
material indicative of a respiratory infectious dis-
ease process (e.g., bacterial, viral; Nollens et  al., 
2008; Venn-Watson et  al., 2008, 2012), are prob-
ably associated with an immunocompromised 
system linked to exposure to marine pollutants like 
Hg (Das et al., 2008; Desforges et al., 2016). This 
is consistent with the concentration found in this 
study and with those described in the skin of male 
bottlenose dolphins in Florida as a result of the bio-
chemistry retention of Hg in the region (Damseaux 
et al., 2017). Also, a recent stranding of bottlenose 
dolphins on Sanctuary coast (Italy) found a positive 
relation between immune dysfunction and infec-
tious disease associated with high levels of organo-
chlorine compounds (Grattarola et  al., 2023). 
Moreover, findings by Wunschmann et  al. (2001) 
in harbor porpoises (Phocoena phocoena) indicated 
that contamination of the Baltic environment with 
OCPs and metals, such as Hg, may be associated 
with enhanced incidence of bacterial and parasitic 
infections.

As long-lived organisms and sentinels in the 
ecosystem (Law et al., 1991; Hansen et al., 2004; 
Wells et  al., 2004; Reif et  al., 2015), marine 

mammals are well-known bioindicators (Law 
et al., 1991; Marcovecchio et al., 1994; Bossart, 
2011). To the best of our knowledge, no other 
published studies on pollutants (pesticides and 
heavy metals) are available for cetaceans within 
the VRSNP; thus, this first approach may serve as 
a reference for dolphins in the region. The latter 
would provide insight into the general status and 
the pathways of pollutants within the ecosystem 
and beyond (Law et  al., 1991; Marcovecchio 
et  al., 1994; Das et  al., 2003; Gregory & Cyr, 
2003; Bossart, 2006, 2007; Cámara-Pellissó et al., 
2008). 

Since marine ecosystems are under strong 
stress by various types of pollutants due to the 
uncontrolled use of compounds worldwide, sev-
eral health issues have been exponentiated, result-
ing in public health concerns. The use of samples 
from stranded marine mammals plays a relevant 
role in enhancing our perspective on the condi-
tions of ecosystems and their exposure to pollut-
ant agents. Admittedly, there is still a long way 
until a comprehensive characterization of the 
type and level of potentially toxic elements and 
compounds can be achieved for this marine-pro-
tected natural area. As the concentrations found 
in this study were lower compared to other sites, 
these values should be taken with caution due to 
our limited sample size and the lack of certainty 
on the potential origin of the studied specimen. 
Additionally, more detailed knowledge of the 
biogeochemical cycles and the dynamics of this 
ecosystem is warranted if we aim to determine 
the possible origin and the potential repercussions 
of these compounds on the trophic web in the 
VRSNP, especially those derived from inland and 
oceanic human activities.

Finally, since marine mammals are proxies of 
potential risk to ecosystems and human communi-
ties, assessing the relationship of bottlenose dol-
phin strandings with marine pollutants and patho-
gen exposure has great relevance. Thus, potential 
ecological risks in aquatic environments and 
regions like VRSNP may be detected by applying 
ancillary tests (e.g., molecular) to marine mega-
fauna such as marine mammals, sea turtles, and 
birds.

Acknowledgments

The authors would like to acknowledge Fabián 
Vanoye, D.M.V. (Universidad Veracruzana)  for 
providing the veterinary aid. We also thank the 
personnel of the Municipal Agency of Civil 
Protection at Boca del Río, the Veracruz Reef 
System National Park (VRSNP), and the Federal 
Agency of Environmental Protection (PROFEPA) 
for assisting with the maneuvers. Drs. Fabiola 



162 Hernández-Candelario et al.

Lango and María del Rugio Castañeda at 
Laboratorio de Investigaciones Acuáticas (LIRA) 
of the Instituto Tecnológico de Boca del Río 
(ITBOCA) performed the analysis of heavy 
metals. Marah García-Vital and Christian Delfín, 
both from LabMMar, collected the data and 
mapped the stranding data, respectively. Finally, 
we thank Acuario de Veracruz AC for facilitating 
the infrastructure, equipment, and medicines for 
the treatment of the specimen.

Literature Cited

Administración Portuaria Integral de Veracruz S. A. de C. V. 
(APIVER). (2022). Programación de buques [Cargo ves-
sels scheduling]. Sistema de Identificación Automática de 
Buques [Automatic Cargo Vessel Identification System].

Agency for Toxic Substances and Disease Registry 
(ATSDR). (1999). Toxicological profile for mercury. 
U.S. Department of Health and Human Services. 

ATSDR. (2008). Cadmium toxicity. ATSDR. www.atsdr.
cdc.gov/csem/cadmium

ATSDR. (2012). Toxicological profile for chromium. U.S. 
Department of Health and Human Services, Public 
Health Service. https://www.atsdr.cdc.gov/toxprofiles/
tp7.pdf

Aguilar, A. (1985). Compartmentation and reliability of 
sampling procedures in organochlorine pollution sur-
veys of cetaceans. In Residue reviews (pp. 91-114). 
Springer. https://doi.org/10.1007/978-1-4612-5132-3_3

Aguilar Sánchez, M., & Ortiz Escamilla, J. (2011). Historia 
general de Veracruz [General history of Veracruz]. Gobierno 
del Estado de Veracruz, Secretaría de Educación del Estado 
de Veracruz, Universidad Veracruzana [Government of the 
State of Veracruz, Secretary of Education of the State of 
Veracruz, Universidad Veracruzana]. 725 pp. ISBN 978-
607-502-093-8

Anka, A. U., Usman, A. B., Kaoje, A. N., Kabir, R. M., 
Bala, A., Kazem Arki, M., Hossein-Khannazer, N., & 
Azizi, G. (2022). Potential mechanisms of some selected 
heavy metals in the induction of inflammation and auto-
immunity. European Journal of Inflammation, 20(1-4). 
https://doi.org/10.1177/1721727X221122719

Arbelo, M., Los Monteros, A. E., Herráez, P., Andrada, M., 
Sierra, E., Rodríguez, F., Jepson, P. D., & Fernández, A. 
(2013). Pathology and causes of death of stranded ceta-
ceans in the Canary Islands (1999-2005). Diseases of 
Aquatic Organisms, 103(2), 87-99. https://doi.org/10.3354/
dao02558

Aubail, A., Mendez-Fernandez, J., Bustamante, P., 
Churlaud, C., Ferreira, M., Vingada, J., & Caurant, F. 
(2013). Use of skin and blubber tissues of small ceta-
ceans to assess the trace element content of internal 
organs. Marine Pollution Bulletin, 76, 158-169. https://
doi.org/10.1016/j.marpolbul.2013.09.008

Balali-Mood, M., Naseri, K., Tahergorabi, Z., Khazdair, 
M. R., & Sadeghi, M. (2021). Toxic mechanisms of five 
heavy metals: Mercury, lead, chromium, cadmium, and 

arsenic. Frontiers in Pharmacology, 12, 643972. https://
doi.org/10.3389/fphar.2021.643972

Balmer, B. C., Ylitalo, G. M., McGeorge, L. E., Baugh, 
K. L., Boyd, D., Mullin, K. D., Rosel, P. E., Sinclair, 
C., Wells, R. S., Zolman, E. S., & Schwacke, L. H. 
(2015). Persistent organic pollutants (POPs) in blubber 
of common bottlenose dolphins (Tursiops truncatus) 
along the northern Gulf of Mexico coast, USA. Science 
of the Total Environment, 527, 306-312. https://doi.
org/10.1016/j.scitotenv.2015.05.016 

Balmer, B. C., Schwacke, L. H., Wells, R. S., George, 
R. C., Hoguet, J., Kucklick, J. R., Lane, S. M., Martinez, 
A., McLellan, W., Rosel, P. E., Rowles, T. K., Sparks, 
K., Speakman, T., Zolman, E., & Pabst, D. A. (2011). 
Relationship between persistent organic pollutants 
(POPs) and ranging patterns in common bottlenose dol-
phins (Tursiops truncatus) from coastal Georgia, USA. 
Science of the Total Environment, 409, 2094-2101. 
https://doi.org/10.1016/j.scitotenv.2011.01.052

Bolaños-Jiménez, J., Morteo, E., Delfín-Alfonso, C. A., 
Fruet, P. F., Secchi, E. R., & Bello-Pineda, J. (2021). 
Population dynamics reveal a core community of the 
common bottlenose dolphin (Tursiops truncatus) in open 
waters of the south-western Gulf of Mexico. Frontiers 
in Marine Science, 8, 753484. https://doi.org/10.3389/
fmars.2021.753484

Bossart, G. D. (2006). Marine mammals as sentinel spe-
cies for oceans and human health. Oceanography, 19(2), 
134-137. https://doi.org/10.5670/oceanog.2006.77

Bossart, G. D. (2007). Emerging diseases in marine mam-
mals: From dolphins to manatees. Microbes, 2(11), 544-
549. https://doi.org/10.1128/microbe.2.544.1

Bossart, G. D. (2011). Marine mammals as sentinel species 
for oceans and human health. Veterinary Pathology, 48(3), 
676-690. https://doi.org/10.1177/0300985810388525

Bossart, G. D., Reidarson, T. H., Dierauf, L. A., & 
Duffield, D. A. (2001). Clinical pathology. In L. A. 
Dierauf & F. M. D. Gulland (Eds.), CRC handbook of 
marine mammal medicine: Health, disease, and reha-
bilitation (2nd ed., pp. 383-436). CRC Press. https://doi.
org/10.1201/9781420041637.sec4 

Briones-Venegas, A., Ponce-Vélez, G., Elías-García, V. G., 
& Botello, A. V. (2023). Organochlorine contaminants 
in sediments and factors influencing their distribution in 
the natural marine protected area in the Gulf of Mexico. 
Chemosphere, 339, 139781. https://doi.org/10.1016/j.che-
mosphere.2023.139781

Bryan, C. E., Christopher, S. J., Balmer, B. C., & Wells, R. S. 
(2007). Establishing baseline levels of trace elements 
in blood and skin of bottlenose dolphins in Sarasota 
Bay, Florida: Implications for non-invasive monitor-
ing. Science of the Total Environment, 388(1), 325-342. 
https://doi.org/10.1016/j.scitotenv.2007.07.046 

Busbee, D., Tizard, I., Sroit, J., Ferrirc, D., & Orr-reeves, E. 
(1999). Environmental pollutants and marine mammal 
health: The potential impact of hydrocarbons and halo-
genated hydrocarbons on immune system dysfunc-
tion. Journal of Cetacean Research and Management, 



163Pollutants in Stranded Dolphin of the Southwestern Gulf of Mexico

Special Issue 1, 223-248. https://doi.org/10.47536/jcrm.
v18i1.254

Cáceres-Choque, L. F., Ramos-Ramos, O. E., Valdez-Castro, 
S. N., Choque-Aspiazu, R. R., Choque-Mamani, R. G., 
Fernández-Alcazar, S. G., Sracek, O., & Bhattacharya, 
P. (2013). Fractionation of heavy metals and assessment 
of contamination of the sediments of Lake Titicaca. 
Environmental Monitoring and Assessment, 185(12), 
9979-9994. https://doi.org/10.1007/s10661-013-3306-0

Cámara-Pellissó, S., Muñoz, M. J., Carballo, M., & Sánchez-
Vizcaíno, J. M. (2008). Determination of the immuno-
toxic potential of heavy metals on the functional activ-
ity of bottlenose dolphin leukocytes in vitro. Veterinary 
Immunology and Immunopathology, 121(3-4), 189-198. 
https://doi.org/10.1016/j.vetimm.2007.09.009

Castañeda-Chávez, M., Lango-Reynoso, F., & Navarrete 
Rodríguez, G. (2020). Study on contamination by heavy 
metals in the Cotaxtla-Jamapa Basin with influence in 
the Central Zone of the Gulf of Mexico. Water, Air, & 
Soil Pollution, 231. https://doi.org/10.1007/s11270-020-
4446-9

Caurant, F., & Amiard-Triquet, C. (1995). Cadmium con-
tamination in pilot whales Globicephala melas: Source 
and potential hazard to the species. Marine Pollution 
Bulletin, 30(3), 207-210. https://doi.org/10.1016/0025-
326X(94)00126-T 

Caurant, F., Amiard, J. C., Amiard-Triquet, C., & Sauriau, 
P. G. (1994). Ecological and biological factors control-
ling the concentrations of trace elements (As, Cd, Cu, 
Hg, Se, Zn) in delphinids (Globicephala melas) from the 
North Atlantic Ocean. Marine Ecology Progress Series, 
103, 207-219. https://doi.org/10.3354/meps104207

Celis-Hernández, O., Rosales-Hoz, L., Cundy, A. B., & 
Carranza-Edwards, A. (2017). Sedimentary heavy 
metal(loid) contamination in the Veracruz shelf, Gulf 
of Mexico: A baseline survey from a rapidly developing 
tropical coast. Marine Pollution Bulletin, 119(2), 204-
213. https://doi.org/10.1016/j.marpolbul.2017.03.039

Centers for Disease Control and Prevention (CDC). (2012). 
Response to Advisory Committee on Childhood Lead 
Poisoning Prevention recommendations in low level 
lead exposure harms children: A renewed call of primary 
prevention. CDC. https://www.cdc.gov/nceh/lead/docs/
cdc_response_lead_exposure_recs.pdf 

CDC. (2017). Organochlorine pesticides overview. National 
Monitoring Program. https://www.cdc.gov/biomoni-
toring/Trichlorophenols_BiomonitoringSummary.
html#:~:text=Organochlorine pesticides can enter the, or 
particles in the air

Comisión Nacional del Agua (CONAGUA). (2020). 
Actualización de la disponibilidad media Anual de Agua 
en el Acuífero Costera de Papaloapan (3020), Estado 
de Veracruz [Update of the average annual availability 
of water in the Papaloapan Coastal Aquifer (3020), State 
of Veracruz]. CONAGUA. https://sigagis.conagua.gob.
mx/gas1/Edos_Acuiferos_18/veracruz/DR_3020.pdf

Damseaux, F., Kiszka, J. J., Heithaus, M. R., Scholl, G., 
Eppe, G., Thomé, J-P., Lewis, J., Hao, W., Fontaine, 

M. C., &  Das, K. (2017). Spatial variation in the accumu-
lation of POPs and mercury in bottlenose dolphins of the 
Lower Florida Keys and the coastal Everglades (South 
Florida). Environmental Pollution, 220, 577-587. https://
doi.org/10.1016/j.envpol.2016.10.005

Das, K., Debacker, V., Pillet, S., & Bouquegneau, J. M. 
(2003). Heavy metals in marine mammals. In J. G. 
Vos, G. D. Bossart, M. Fournier, & T. J. O’Shea (Eds.), 
Toxicology of marine mammals (pp. 135-167). CRC 
Press.

Das, K., Siebert, U., Gillet, A., Dupont, A., Di-Poï, C., 
Fonfara, S., Mazzucchelli, G., De Pauw, E., & De Pauw-
Gillet, M. C. (2008). Mercury immune toxicity in har-
bour seals: Links to in vitro toxicity. Environmental 
Health, 7, 52. https://doi.org/10.1186/1476-069X-7-52

Debier, C., Chalon, C., Le Boeuf, B. J., de Tillesse, T., 
Larondelle, Y., & Thomé, J. P. (2006). Mobilization of PCBs 
from blubber to blood in northern elephant seals (Mirounga 
angustirostris) during the post-weaning fast. Aquatic 
Toxicology, 80(2), 149-157. https://doi.org/10.1016/j.aqua-
tox.2006.08.002

Delgado-Estrella, M., Barreto-Castro, R., Acevedo-Olvera, 
G., & Vázquez-Maldonado, L. E. (2015). Effects of pol-
lutant discharges on the aquatic mammal populations of 
Terminos Lagoon, Campeche, Mexico. WIT Transitions 
on Ecology and the Environment, 200, 229-235. https://
doi.org/10.2495/WS150191

Desforges, J. P., Sonne, C., Levin, M., Siebert, U., De Guise, S., 
& Dietz, R. (2016). Immunotoxic effects of environmental 
pollutants in marine mammals. Environment International, 
86, 126-139. https://doi.org/10.1016/j.envint.2015.10.007

DOF (Official Journal of the Federation). (2012). Decree 
that modifies the diverse one by which is declared a 
Natural Protected Area, with the character of a National 
Marine Park, the area known as the Veracruz Reef 
System, located off the coasts of the municipalities of 
Veracruz. In Boca del Río y Alvarado sites of State of 
Veracruz Llave, with a surface of 52 [Boca del Río and 
Alvarado sites of State of Veracruz Llave, with a surface 
of 52] (pp. 238-291).(Published on August 28-29, 1992, 
Third Section.)

DOF (Official Journal of the Federation). (2014). Protocolo 
de atención para varamiento de mamíferos marinos 
[Care protocol for stranding of marine mammals]. DOF. 
https://www.gob.mx/profepa/documentos/protocolo-de-
atencion-para-varamiento-de-mamiferos-marinos

Dos Santos, M. E., & Lacerda, M. (1987). Preliminary obser-
vations of the bottlenose dolphin (Tursiops truncatus) in 
the Sado Estuary (Portugal). Aquatic Mammals, 13(2), 
65-80.

Dron, J., Wafo, E., Boissery, P., Dhermain, F., Bouchoucha, 
M., Chamaret, P., & Lafitte, D. (2022). Trends of banned 
pesticides and PCBs in different tissues of striped dol-
phins (Stenella coeruleoalba) stranded in the northwest-
ern Mediterranean reflect changing contamination pat-
terns. Marine Pollution Bulletin, 174, 113198. https://
doi.org/10.1016/j.marpolbul.2021.113198



164 Hernández-Candelario et al.

Engwa, G. A., Ferdinand, P. U., Nwalo, F. N., & Unachukwu, 
M. N. (2019). Mechanism and health effects of heavy 
metal toxicity in humans. In O. Karcioglu & B. Arslan 
(Eds.), Poisoning in the modern world: New tricks for 
an old dog? (Chapter 5). IntechOpen. 

Environmental Protection Agency (EPA). (2016). Aquatic 
criteria for cadmium (Legal information). EPA. https://
www.epa.gov/sites/default/files/2016-03/documents/
cadmium-final-factsheet.pdf

EPA. (2023a). National primary drinking water regulations. 
EPA. https://www.epa.gov/ground-water-and-drinking-
water/national-primary-drinking-water-regulations

EPA. (2023b). Reference Dose (RfD): Description and 
use in health risk assessments (Background document 
1A. March 15, 1993). U.S. Department of Health and 
Human Services. https://www.epa.gov/iris/reference-
dose-rfd-description-and-use-health-risk-assessments

EPA. (2023c). National recommended water quality criteria:  
Aquatic life criteria table. EPA. https://www.epa.gov/wqc/
national-recommended-water-quality-criteria-aquatic-life-
criteria-table 

Fair, P. A., Adams, J., Mitchum, G., Hulsey, T. C., Reif, J. S., 
Houde, M., Muir, D., Wirth, E., Wetzel, D., Zolman, E., 
McFee, W., & Bossart, G. D. (2010). Contaminant blub-
ber burdens in Atlantic bottlenose dolphins (Tursiops 
truncatus) from two southeastern US estuarine areas: 
Concentrations and patterns of PCBs, pesticides, PBDEs, 
PFCs, and PAHs. Science of the Total Environment, 408(7), 
1577-1597. https://doi.org/10.1016/j.scitotenv.2009.12.021 

Fang, T., Lu, W., Cui, K., Li, J., Yang, K., Zhao, X., Liang, 
Y., & Li, H. (2019). Distribution, bioaccumulation and 
trophic transfer of trace metals in the food web of Chaohu 
Lake, Anhui, China. Chemosphere, 218, 1122-1130. 
https://doi.org/10.1016/j.chemosphere.2018.10.107

Fisher, R. M., & Gupta, V. (2022). Heavy metals [Updated 
2022, Aug. 8]. StatPearls Publishing. https://www.ncbi.
nlm.nih.gov/books/NBK557806

Flores-Sánchez, E. J., García-Salinas, M. A., Delgado-
Estrella, A., Calderón-Garcidueñas, A. L., Waliszewski, 
S. M., Infanzón-Ruiz, R., & Ruiz-Ramos, R. (2018). 
Presence of organochlorine pesticides in biological 
samples of bottlenose dolphins (Tursiops truncatus) and 
manatees (Trichechus manatus manatus) collected in 
the south of the Gulf of Mexico. Revista Internacional 
de Contaminación Ambiental, 34, 17-28. https://doi.
org/10.20937/RICA.2018.34.esp01.02

Friberg, L., Elinder, C. G., & Kjellstrom, T. (1992). 
Environmental health criteria 134: Cadmium. World 
Health Organization. 

Fuentes-Mariles, O. A., Franco, V., Luna-Cruz, F., Vélez-
Morales, L., & Morales-Rodríguez, H. L. (2014). 
Caracterización fluvial e hidráulica de las inundaciones 
en México convenio CNA-SGTGASIR-09/2014, organ-
ismo de cuenca X, Golfo centro ciudad de Veracruz, 
Veracruz, ríos Jamapa y Cotaxtla [Fluvial and hydraulic 
characterization of floods in Mexico agreement CNA-
SGTGASIR-09/2014, Basin Organization X, Gulf 
center city of Veracruz, Veracruz, Jamapa and Cotaxtla 

Rivers]. Comisión Nacional del Agua e Instituto de 
Ingeniería, UNAM. 87 pp.

García-Aguilar, P. (2020). Uso de hábitat del tursión 
(Tursiops truncatus) en las aguas costeras de Alvarado, 
Veracruz [Habitat use of the bottlenose dolphin (Tursiops 
truncatus) in the coastal waters of Alvarado, Veracruz]. 
Facultad de Biología, Universidad Veracruzana. 36 pp.

Gourounti, K., Lykeridou, K., Protopapa, E., & Lazaris, 
A. (2008). Mechanisms of actions and health effects of 
organochlorine substances: A review. Health Science 
Journal, 2(2), 89-98.

Grattarola, C., Minoia, L., Giorda, F., Consales, G., 
Capanni, F., Ceciarini, I., Franchi, E., Ascheri, D., 
Garibaldi, F., Dondo, A., Goria, M., Serracca, L., Varello, 
K., Masoero, L., Di Francesco, E. C., Casalone, C., & 
Marsili, L. (2023). Health status of stranded common 
bottlenose dolphins (Tursiops truncatus) and contamina-
tion by immunotoxic pollutants: A threat to the Pelagos 
Sanctuary—Western Mediterranean Sea. Diversity, 
15(4), 569. https://doi.org/10.3390/d15040569

Gregory, M., & Cyr, G. (2003). Effects of environmental 
contaminants on the endocrine system of marine mam-
mals. In J. G. Vos, G. D. Bossart, F. Fournie, & T. J. 
O’Shea (Eds.), Toxicology of marine mammals (pp. 
67-81). Taylor & Francis.

Gulland, F. M. D., Hall, A. J., Ylitalo, G. M., Colegrove, 
K. M., Norris, T., Duignan, P. J., Halaska, B., Acevedo-
Whitehouse, K., Lowenstine, L. J., Derming, A. C., & 
Rowles, T. K. (2020). Persistent contaminants and her-
pesvirus OtHV1 are positively associated with cancer 
in wild California sea lions (Zalophus californianus). 
Frontiers of Marine Science, 7, 602565. https://doi.
org/10.3389/fmars.2020.602565

Guo, C. H., Chen, P. C., Yeh, M. S., Hsiung, D. Y., & Wang, 
C. L. (2010). Cu/Zn ratios are associated with nutritional 
status, oxidative stress, inflammation, and immune 
abnormalities in patients on peritoneal dialysis. Clinical 
Biochemistry, 44(4), 275-280. https://doi.org/10.1016/j.
clinbiochem.2010.12.017

Gutiérrez-Ruíz, C. V., Román-Vives, M. A. M., Vergara, 
C. H., & Badano, E. I. (2011). Impact of anthropogenic 
disturbances on the diversity of shallow stony corals in the 
Veracruz Reef System National Park. Revista Mexicana 
de Biodiversidad, 82, 249-260. https://doi.org/10.22201/
ib.20078706e.2011.1.382

Hansen, L. J., Schwacke, L. H., Mitchum, G. B., Hohn, 
A. A., Wells, R. S., Zolman, E. S., & Fair, P. A. (2004). 
Geographic variation in polychlorinated biphenyl and 
organochlorine pesticide concentrations in the blubber 
of bottlenose dolphins from the U.S. Atlantic coast. 
Science of the Total Environment, 319(1-3), 147-172. 
https://doi.org/10.1016/S0048-9697(03)00371-1

Hayes, K. R. R., Ylitalo, G. M., Anderson, T. A., Urbán R., 
J., Jacobsen, J. K., Scordino, J. J., Lang, A. R., Baugh, 
K. A., Bolton, J. L., Brüniche-Olsen, A., Calambokidis, 
J., Martínez-Aguilar, S., Subbiah, S., Gribble, M. O., 
& Godard-Codding, C. A. J. (2022). Influence of 
life-history parameters on persistent organic pollut-



165Pollutants in Stranded Dolphin of the Southwestern Gulf of Mexico

ant concentrations in blubber of eastern North Pacific 
gray whales (Eschrichtius robustus). Environmental 
Science & Technology, 56(23), 17119-17130. https://
doi.org/10.1021/acs.est.2c05998

Hernández-Candelario, I., Morteo, E., Heckel, G., Sosa, O., 
Álvarez, G., Flores, O., & Martínez-Serrano, I. (2015). 
Caracterización de la distribución espacio-temporal 
de los tursiones (Tursiops truncatus) y las actividades 
humanas en el Parque Nacional Sistema Arrecifal 
Veracruzano [Characterization of the spatio-temporal 
distribution of the bottlenose dolphins (Tursiops trun-
catus) and human activities in the Veracruz Reef System 
National Park]. E-BIOS, 2(8), 34-52. 

Hohn, A. A., Gorgone, A. M., Byrd, B. L., Shertzer, K. W., 
& Eguchi, T. (2022). Patterns of association and distri-
bution of estuarine-resident common bottlenose dol-
phins (Tursiops truncatus) in North Carolina, USA. 
PLOS ONE, 17(8), e0270057. https://doi.org/10.1371/
journal.pone.0270057

Honda, K., Yamamoto, Y., Kato, H., & Tatsukawa, R. 
(1987). Heavy metal accumulations and their recent 
changes in southern minke whales Balaenoptera acu-
torostrata. Archives of Environmental Contamination 
and Toxicology, 16(2), 209-216. https://doi.org/10.1007/
BF01055801

Houde, M., Hoekstra, P. F., Solomon, K. R., & Muir, 
D. C. G. (2005). Organohalogen contaminants in 
delphinoid cetaceans. Reviews of Environmental 
Contamination and Toxicology, 184, 1-57. https://doi.
org/10.1007/0-387-27565-7_1

Instituto Nacional de Estadística y Geografía (INEGI). 
(2021). Alvarado: Censo de población y vivienda Sistema 
de Información Estadística y Geográfica del estado de 
Veracruz (SIEGVER) [Alvarado: Population and hous-
ing census Statistical and Geographic Information 
System of the State of Veracruz]. INEGI. http://ceieg.
veracruz.gob.mx/wp-content/uploads/sites/21/2021/06/
ALVARADO_2021.pdf

Islam, M. A., Amin, S. M. N., Rahman, M. A., Juraimi, 
A. S., Uddin, M. K., Brown, C. L., & Arshad, A. (2022). 
Chronic effects of organic pesticides on the aquatic envi-
ronment and human health: A review. Environmental 
Nanotechnology, Monitoring & Management, 18, 100740. 
https://doi.org/10.1016/j.enmm.2022.100740

Iwata, H., Tanabe, S., Sakal, N., & Tatsukawa, R. (1993). 
Distribution of persistent organochlorines in the oce-
anic air and surface seawater and the role of ocean on 
their global transport and fate. Environmental Science & 
Technology, 27(6), 1090-1098. https://doi.org/10.1021/
es00043a007

Jakimska, A., Konieczka, P., Skóra, K., & Namieśnik, J. 
(2011). Bioaccumulation of metals in tissues of marine 
animals. Part I: The role and impact of heavy metals on 
organisms. Polish Journal of Environmental Studies, 
20(5), 1117-1125.

Jayaraj, R., Megha, P., & Sreedev, P. (2016). Organochlorine 
pesticides, their toxic effects on living organisms and their 

fate in the environment. Interdisciplinary Toxicology, 
9(3-4), 90-100. https://doi.org/10.1515/intox-2016-0012

Joblon, M. J., Pokras, M. A., Morse, B., Harry, C. T., Rose, 
K. S., Sharp, S. M., Niemeyer, M. E., Patchett, K. M., 
Sharp, W. B., & Moore, M. J. (2014). Body condition 
scoring system for delphinids based on shortbeaked 
common dolphins (Delphinus delphis). Journal of 
Marine Animals and Their Ecology, 7(2), 5-13.

Jomova, K., Makova, M., Alomar, S. Y., Alwasel, S. H., 
Nepovimova, E., Kuca, K., Rhodes, C. J., & Valko, 
M. (2022). Essential metals in health and disease. 
Chemico-Biological Interactions, 367, 110173. https://
doi.org/10.1016/j.cbi.2022.110173

Kang, Y., Zhang, R., Yu, K., Han, M., Pei, J., Chen, Z., & 
Wang, Y. (2022). Organochlorine pesticides (OCPs) in 
corals and plankton from a coastal coral reef ecosystem, 
south China Sea. Environmental Research, 214, 114060. 
https://doi.org/10.1016/j.envres.2022.114060 

Kim, H. S., Kim, Y. J., & Seo, Y. R. (2015). An overview of 
carcinogenic heavy metal: Molecular toxicity mechanism 
and prevention. Journal of Cancer Prevention, 20(4), 
232-240. https://doi.org/10.15430/JCP.2015.20.4.232

Kleivane, L., Skaare, J. U., Bjørge, A., de Reuter, E., & 
Reijnders, P. J. H. (1995). Organochlorine pesticide 
residues and PCBs in harbour porpoise (Phocoena pho-
coena) incidentally caught in Scandinavian waters. 
Environmental Pollution, 89(2), 137-146. https://doi.
org/10.1016/0269-7491(94)00066-M

Kuehl, D. W., & Haebler, R. (1995). Organochlorine, organo-
bromine, metal, and selenium residues in bottlenose dol-
phins (Tursiops truncatus) collected during an Unusual 
Mortality Event in the Gulf of Mexico, 1990. Archives 
of Environmental Contamination and Toxicology, 28(4), 
494-499. https://doi.org/10.1007/BF00211632

Law, R. J. (1996). Metals in marine mammals. In W. N. 
Beyer, G. H. Heinz, & A. W. Redmon-Norwood (Eds.), 
Environmental contaminants in wildlife: Interpreting 
tissue concentrations (pp. 357-376). CRC Press.

Law, R. J., Fileman, C. F., Hopkins, A. D., Baker, J. R., 
Harwood, J., Jackson, D. B., Kennedy, S., Martin, R. J., 
& Morris, R. J. (1991). Concentrations of trace metals 
in the livers of marine mammals (seals, porpoises, 
and dolphins) from waters around the British Isles. 
Marine Pollution Bulletin, 22(4), 183-191. https://doi.
org/10.1016/0025-326X(91)90468-8

Li, H., Kang, X., Li, X., Li, Q., Song, J., Jiao, N., & Zhang, 
Y. (2017). Heavy metals in surface sediments along the 
Weihai coast, China: Distribution, sources and contamina-
tion assessment. Marine Pollution Bulletin, 115(1), 551-
558. https://doi.org/10.1016/j.marpolbul.2016.12.039 

Libes, S. M. (2009). Introduction to marine biogeochemis-
try. Elsevier/Academic Press.

Litz, J. A., Baran, M. A., Bowen-Stevens, S. R., Carmichael, 
R. H., Colegrove, K. M., Garrison, L. P., Fire, S. E., 
Fougeres, E. M., Hardy, R., Holmes, S., Jones, W., 
Mase-Guthrie, B. E., Odell, D. K., Rosel, P. E., Saliki, 
J. T., Shannon, D. K., Shippee, S. F., Smith, S. M., 
Stratton, E. M., Tumlin, M. C., . . . Rowles, T. K. (2014). 



166 Hernández-Candelario et al.

Review of historical Unusual Mortality Events (UMEs) 
in the Gulf of Mexico (1990-2009): Providing context 
for the multi-year northern Gulf of Mexico cetacean 
UME declared in 2010. Diseases of Aquatic Organisms, 
112, 161-175. https://doi.org/10.3354/dao02807

Loseto, L. L., & Ross, P. S. (2011). Organic contaminants in 
marine mammals. In N. W. Beyer & J. P. Meador (Eds.),  
Environmental contaminants in biota: Interpreting tissue 
concentrations (pp. 349-375). Taylor & Francis. https://
doi.org/10.1201/b10598-10

Mapel-Hernández, M. D., Armstrong-Altrin, J. S., Botello, 
A. V., & Lango-Reynoso, F. (2021). Bioavailability of Cd 
and Pb in sediments of the National Park Veracruz Reef 
System, Gulf of Mexico. Applied Geochemistry, 133, 
105085. https://doi.org/10.1016/j.apgeochem.2021.105085

Marcovecchio, J. E., Gerpe, M. S., Bastida, R. O., Rodríguez, 
D. H., & Morón, S. G. (1994). Environmental contamina-
tion and marine mammals in coastal waters from Argentina: 
An overview. Science of the Total Environment, 154(2), 
141-151. https://doi.org/10.1016/0048-9697(94)90084-1 

McKelvey, W., Gwynn, R. C., Jeffery, N., Kass, D., Thorpe, 
L. E., Garg, R. K., Palmer, C. D., &. Parsons, P. J. (2007). 
A biomonitoring study of lead, cadmium, and mercury 
in the blood of New York City adults. Environmental 
Health Perspectives, 115(10), 1435-1441. https://doi.
org/10.1289/ehp.10056 

Meador, J. P., Ernest, D., Hohn, A. A., Tilbury, K., Gorzelany, 
J., Worthy, G., & Stein, J. E. (1999). Comparison of ele-
ments in bottlenose dolphins stranded on the beaches 
of Texas and Florida in the Gulf of Mexico over a one-
year period. Archives of Environmental Contamination 
and Toxicology, 36(1), 87-98. https://doi.org/10.1007/
s002449900446

Mendoza-Martínez, J. (2019). Ontogenia de la dieta del 
tursión (Tursiops truncatus) en la costa central de 
Veracruz [Ontogeny of the diet of the bottlenose dolphin 
(Tursiops truncatus) on the central coast of Veracruz]. 
Facultad de Biología, Universidad Veracruzana, Veracruz, 
Mexico. 37 pp.

Mishra, K. P. (2009). Lead exposure and its impact on 
immune system: A review. Toxicology in Vitro, 23(6), 
969-972. https://doi.org/10.1016/j.tiv.2009.06.0144

Montano-Frías, J. E. (2009). Polimorfismo en el gen DQβ 
del Complejo Principal de Histocompatibilidad Clase II 
en tursiones (Tursiops truncatus) del Golfo de México 
y Mar Caribe [Polymorphism in the DQβ gene of the 
Major Histocompatibility Complex Class II in bottle-
nose dolphins (Tursiops truncatus) from the Gulf of 
Mexico and the Caribbean Sea] (Tesis de Maestría). 
Postgraduate in Marine Ecology, Ensenada Scientific 
Research and Higher Education Center, Ensenada, BC. 
81 pp.

Monteiro, S. S., Pereira, A. T., Costa, E., Torres, J., Oliveira, 
I., Bastos-Santos, J., Araújo, H., Ferreira, M., Vingada, 
J., & Eira, C. (2016). Bioaccumulation of trace element 
concentrations in common dolphins (Delphinus delphis) 
from Portugal. Marine Pollution Bulletin, 113, 400-407. 
https://doi.org/10.1016/j.marpolbul.2016.10.033

Montessoro Méndez, C. A. (2007). Variación espacio-
temporal de los plaguicidas organoclorados (hexaclo-
rociclohexano (HCH), 1,1,1-tricloro-2,2-bis(4-cloro-
fenil)etano) (DDT) y sus metabolitos) en el erizo negro 
(Echinometra lucunter, Linnaeus 1758) en el parque 
nacional Sistema Arrecifal Veracruzano [Spatio-
temporal variation of organochlorine pesticides (hexa-
chlorocyclohexane (HCH), 1,1,1-trichloro-2,2-bis(4-
chlorophenyl)ethane) (DDT) and their metabolites) in 
the black hedgehog (Echinometra lucunter, Linnaeus 
1758) in the Veracruz Reef System National Park] 
(Tesis de Licenciatura). Instituto Tecnológico de Boca 
del Río, Veracruz, Mexico.

Montoya-Mendoza, J., González-González, E., Castañeda-
Chávez, M., Lango-Reynoso, F., & Morán-Silva, A. 
(2023). Heavy metals in crevalle jack, Caranx hippos, 
and their non-intestinal parasitic helminths from Playa 
las Barrancas, Alvarado, Veracruz, Mexico. Latin 
American Journal of Aquatic Research, 51, 466-470. 
https://doi.org/10.3856/vol51-issue3-fulltext-2997

Moore, S. E. (2018). Climate change. In B. Würsig, J. G. M. 
Thewissen, & K. M. Kovacs (Eds.), Encyclopedia of 
marine mammals (3rd ed., pp. 194-197). Academic Press. 
https://doi.org/10.1007/s10584-018-2261-8

Morales-Rincon, N., Morteo, E., & Delfín-Alfonso, C. 
(2019). Influence of artisanal fisheries on the behavior 
and social structure of Tursiops truncatus in the south-
western Gulf of Mexico. Journal of the Marine Biological 
Association of the United Kingdom, 99(8), 1841-1849. 
https://doi.org/10.1017/S002531541900078X

Morteo, E., Rocha-Olivares, A., & Abarca-Arenas, L. G. 
(2014). Sexual segregation in coastal bottlenose dol-
phins (Tursiops truncatus) in the southwestern Gulf of 
Mexico. Aquatic Mammals, 40(4), 375-385. https://doi.
org/10.1578/AM.40.4.2014.375

Morteo, E., Rocha-Olivares, A., & Abarca-Arenas, L. G. 
(2017). Abundance, residency, and potential hazards for 
coastal bottlenose dolphins (Tursiops truncatus) off a pro-
ductive lagoon in the Gulf of Mexico. Aquatic Mammals, 
43(3), 308-319. https://doi.org/10.1578/AM.43.3.2017.308

Morteo, E., Rocha-Olivares, A., Arceo-Briseño, P., & 
Abarca-Arenas, L. G. (2012). Spatial analyses of bottle-
nose dolphin–fisheries interactions reveal human avoid-
ance off a productive lagoon in the western Gulf of 
Mexico. Journal of the Marine Biological Association 
of the United Kingdom, 92(8), 1893-1900. https://doi.
org/10.1017/S0025315411000488

Murphy, P. G. (1972). Sulfuric acid cleanup of animal tis-
sues for analysis of acid stable chlorinated hydrocarbon 
residues. Journal of Association of Official Analytical 
Chemists [AOAC], 55(6), 1360-1362. https://doi.org/ 
10.1093/jaoac/55.6.1360

Murphy, S., Law, R. J., Deaville, R., Barnett, J., Perkins, 
M.  W., Brownlow, A., Penrose, R., Davison, N. J., 
Barber, J. L., & Jepson, P. D. (2018). Organochlorine 
contaminants and reproductive implication in cetaceans: 
A case study of the common dolphin. In M. C. Fossi 
& C. Panti (Eds.), Marine mammal ecotoxicology (pp. 



167Pollutants in Stranded Dolphin of the Southwestern Gulf of Mexico

3-38). Academic Press. https://doi.org/10.1016/B978-0-
12-812144-3.00001-2

Nogueira, M. A. M. (2007). Exposición a DDT, HCH y sus 
metabolitos en toninas (Tursiops truncatus) capturadas 
en el Golfo de México y Mar Caribe Mexicano [Exposure 
to DDT, HCH, and their metabolites in dolphins (Tursiops 
truncatus) captured in the Gulf of Mexico and the Mexican 
Caribbean Sea] (Tesis de Maestría). Facultad de Medicina 
Veterinaria y Zootecnia, Universidad Veracruzana, Enero.

Nollens, H. H., Wellehan, J. F., Saliki, J. T., Caseltine, 
S. L., Jensen, E. D., Van Bonn, W., & Venn-Watson, S. 
(2008). Characterization of a parainfluenza virus iso-
lated from a bottlenose dolphin (Tursiops truncatus). 
Veterinary Microbiology, 128(3-4), 231-242. https://doi.
org/10.1016/j.vetmic.2007.10.005

Ortiz-Lozano, L., Valadez-Rocha, V., & Hayasaka-Ramírez, 
S. (2015). Influencia histórica de la ciudad y puerto de 
Veracruz sobre el Sistema Arrecifal Veracruzano [Historical 
influence of the city and port of Veracruz on the Veracruz 
Reef System]. In A. Granados-Barba, L. Ortiz-Lozano, 
D. Salas-Monreal, & C. González-Gándara (Eds.), Aportes 
al conocimiento del Sistema Arrecifal Veracruzano: Hacia 
el Corredor Arrecifal del suroeste del Golfo de México 
[Contributions to the knowledge of the Veracruz Reef 
System: Towards the Reef Corridor of the southwest of 
the Gulf of Mexico] (pp. 1-18). Universidad Autónoma de 
Campeche. 366 pp.

Ortiz-Lozano, L., Granados-Barba, A., Solís-Weiss, V., & 
García-Salgado, M. A. (2005). Environmental evalua-
tion and development problems of the Mexican coastal 
zone. Ocean & Coastal Management (UK), 48, 161-
176. https://doi.org/10.1016/j.ocecoaman.2005.03.001

O’Shea, T. J., Reeves, R. R., & Long, A. K. (1998). 
Marine mammals and persistent ocean contaminants. 
Proceedings of the Marine Mammal Commission 
Workshop, Keystone, CO.

Page-Karjian, A., Lo, C. F., Ritchie, B., Harms, C. A., 
Rotstein, D. S., Han, S., Hassan, S. M., Lehner, 
A. F., Buchweitz, J. P., Thayer, V. G., Sullivan, J. M., 
Christiansen, E. F., & Perrault, J. R. (2020). Anthropogenic 
contaminants and histopathological findings in stranded 
cetaceans in the southeastern United States, 2012–2018. 
Frontiers in Marine Science, 7. https://doi.org/10.3389/
fmars.2020.00630

Pardío, V. T., Waliszewski, S. M., Aguirre, A. A., Coronel, 
H., Burelo, G. V., Infanzón, R. M., & Rivera, J. (1998). 
DDT and its metabolites in human milk collected in 
Veracruz City and suburban areas (Mexico). Bulletin of 
Environmental Contamination and Toxicology, 60, 852-
857. https://doi.org/10.1007/s001289900705

Rafati Rahimzadeh, M., Rafati Rahimzadeh, M., Kazemi, S., & 
Moghadamnia, A. A. (2017). Cadmium toxicity and treat-
ment: An update. Caspian Journal of Internal Medicine, 
8(3), 135-145. https://doi.org/10.22088/cjim.8.3.135

Reckendorf, A., Siebert, U., Parmentier, E., & Das, K. 
(2023). Chemical pollutions and diseases of marine 
mammals. In D. Brennecke, K. Knickmeier, I. 
Pawliczka, U. Siebert, & M. Wahlberg (Eds.), Marine 

mammals. Springer, Cham. https://doi.org/10.1007/978-
3-031-06836-2_5

Reddy, M., Echols, S., Finklea, B., Busbee, D., Reif, J., & 
Ridgway, S. (1998). PCBs and chlorinated pesticides 
in clinically healthy Tursiops truncatus: Relationships 
between levels in blubber and blood. Marine Pollution 
Bulletin, 36, 892-903. https://doi.org/10.1016/S0025-
326X(98)00065-4

Reif, J. S., Schaefer, A. M., & Bossart, G. D. (2015). 
Atlantic bottlenose dolphins (Tursiops truncatus) as a 
sentinel for exposure to mercury in humans: Closing 
the loop. Veterinary Science, 2(4), 407-422. https://doi.
org/10.3390/vetsci2040407

Reijnders, P. J. H., Aguilar, A., & Borrell, A. (2009). Pollution 
and marine mammals. In W. F. Perrin, B. Würsig, & 
J. G. M. Thewissen (Eds.), Encyclopedia of marine mam-
mals (2nd ed., pp. 890-898). Academic Press. https://doi.
org/10.1016/B978-0-12-373553-9.00205-4

Reynolds III, J. E., Wells, R. S., & Eide, S. D. (2000). 
The bottlenose dolphin: Biology and conservation. 
University Press of Florida. 289 pp. 

Romanić, S. H., Holcer, D., Lazar, B., Klinčić, D., 
Mackelworth, P., & Fortuna, C. M. (2014). Organochlorine 
contaminants in tissues of common bottlenose dolphins 
Tursiops truncatus from the northeastern part of the Adriatic 
Sea. Environmental Toxicology and Pharmacology, 38(2), 
469-479. https://doi.org/10.1016/j.etap.2014.07.017 

Rosales-Hoz, L., Carranza-Edwards, A., & Celis-Hernández, 
O. (2007). Environmental implications of heavy metals in 
surface sediments near Isla de Sacrificios, Mexico. Bulletin 
of Environmental Contamination and Toxicology, 78(5), 
353-357. https://doi.org/10.1007/s00128-007-9125-7

Rosales-Hoz, L., Carranza-Edwards, A., Sanvicente-
Añorve, L., Alatorre-Mendieta, M. A., & Rivera-
Ramírez, F. (2009). Distribution of dissolved trace 
metals around the Sacrificios coral reef island, in the 
southwestern Gulf of Mexico. Bulletin of Environmental 
Contamination and Toxicology, 83(5), 713-719. https://
doi.org/10.1007/s00128-009-9813-6

Rosales-Ledezma, S., Lugo-Lugo, O., Zenteno-Zavín, 
T., & Méndez-Rodríguez, L. C. (2011). El papel de la 
membrana corioalantoídea en la retención de contami-
nantes organoclorados (plaguicidas) y su relación con 
otras variables ambientales: Sedimentos y plasma de 
tortuga marina golfina (Lepidochelys olivacea) de Baja 
California Sur, México [The role of the chorioallantoid 
membrane in the retention of organochlorine contami-
nants (pesticides) and its relationship with other environ-
mental variables: Sediments and plasma of olive ridley 
sea turtle (Lepidochelys olivacea) from Baja California 
Sur, Mexico]. Revista de Zoología, 22, 33-42.

Ruelas-Inzunza, J. R., Horvat, M., Pérez-Cortés, H., & 
Páez-Osuna, F. (2003). Methylmercury and total mer-
cury distribution in tissues of gray whales (Eschrichtius 
robustus) and spinner dolphins (Stenella longirostris) 
stranded along the lower Gulf of California, Mexico. 
Ciencias Marinas, 29(1), 1-8. https://doi.org/10.7773/
cm.v29i1.138



168 Hernández-Candelario et al.

Ruiz, L. M., Libedinsky, A., & Elorza, A. A. (2021). Role 
of copper on mitochondrial function and metabolism. 
Frontiers in Molecular Biosciences, 8, 711227. https://
doi.org/10.3389/fmolb.2021.711227

Ruiz-Gamboa, K. D., Cámara-Vallejo, R. M., Medina-
Moreno, M. R., Albertos-Alpuche, N. E., Esperón-
Hernández, R. I., Zapata-Vázquez, R. E., Rojas-García, 
A. E., Medina-Díaz, I. M., Montero-Lara, G. A., Moo-
Huchin, J. C., Silva-Pérez, A., & Pérez-Herrera, N.  E. 
(2018). Occupational exposure to pesticides and knowl-
edge about related policies in urban pest control opera-
tors from southeast Mexico. Revista Internacional 
de Contaminación Ambiental, 34, 45-55. https://doi.
org/10.20937/RICA.2018.34.esp02.04

Ruiz-Hernández, I. M., Nouri, M-Z., Kozuch, M., Denslow, 
N. D., Díaz-Gamboa, R. E., Rodríguez-Canul, R., 
& Collí-Dulá, R. C. (2022). Trace element and lipi-
domic analysis of bottlenose dolphin blubber from 
the Yucatan coast: Lipid composition relationships. 
Chemosphere, 299, 134353. https://doi.org/10.1016/j.
chemosphere.2022.134353

Sang, S., & Petrovic, S. (1999). Endosulfan – A review of 
its toxicity and its effects on the endocrine system. World 
Wildlife Fund–Canada.

Schaefer, A. M., Titcomb, E. M., Fair, P. A., Stavros, 
H-C.  W., Mazzoil, M., Bossart, G. D., & Reif, J. S. 
(2015). Mercury concentrations in Atlantic bottlenose 
dolphins (Tursiops truncatus) inhabiting the Indian 
River Lagoon, Florida: Patterns of spatial and temporal 
distribution. Marine Pollution Bulletin, 97(1), 544-547. 
https://doi.org/10.1016/j.marpolbul.2015.05.007 

Secretaría de Comunicaciones y Transportes (SCT). (2023). 
Sueños del mar: El puerto de Veracruz, puerta de entrada 
a México [Dreams of the sea: The port of Veracruz, 
gateway to Mexico]. El Mirador [The Looker]. https://
elmirador.sct.gob.mx/los-suenos-del-mar/el-puerto-de-
veracruz-puerta-de-entrada-a-mexico#_

Seguel, M., George, R. C., Maboni, G., Sanchez, S., Page-
Karjian, A., Wirth, E., McFee, W., & Gottdenker, N. L. 
(2020). Pathologic findings and causes of death in 
bottlenose dolphins Tursiops truncatus stranded along 
the Georgia coast, USA (2007-2013). Diseases of 
Aquatic Organisms, 141, 25-38. https://doi.org/10.3354/
dao03509

Sharma, P., Singh, S. P., Parakh, S. K., & Tong, Y. W. 
(2022). Health hazards of hexavalent chromium (Cr 
[VI]) and its microbial reduction. Bioengineered, 13(3), 
4923-4938. https://doi.org/10.1080/21655979.2022.203
7273

Simon-Hettich, B., Wibbertmann, A., Wagner, D., Tomaska, 
L., & Malcolm, H. (2001). Zinc. World Health Organization. 
https://apps.who.int/iris/handle/10665/42337

Sitaramaraju, S., Prasad, N. V. V. S. D., Chenga Reddy, V., & 
Narayana, E. (2014). Impact of pesticides used for crops 
production on the environment. Journal of Chemical and 
Pharmaceutical Sciences, Special Issue 3, 75-79. 

Snitynskyĭ, V. V., Solohub, L. I., Antoniak, H. L., Kopachuk, 
D. M., & Herasymiv, M. H. (1999). Bilohichna rol’ 

khromu v organizmi liudyny i tvaryn [Biological role 
of chromium in humans and animals]. Ukr Biokhim Zh, 
71(2), 5-9. (In Ukrainian)

Sorensen, K. C., Venn-Watson, S., & Ridgway, S. H. (2008). 
Trace and non-trace elements in blood cells of bottlenose 
dolphins (Tursiops truncatus) variations with values 
from liver function indicators. Journal of Wildlife 
Diseases, 44(2), 304-317. https://doi.org/10.7589/0090-
3558-44.2.304 

Stavros, H. C., Bossart, G. D., Hulsey, T. C., & Fair, P. A. 
(2008). Trace element concentrations in blood of free-rang-
ing bottlenose dolphins (Tursiops truncatus): Influence of 
age, sex and location. Marine Pollution Bulletin, 56(2), 
371-379. https://doi.org/10.1016/j.marpolbul.2007.10.030

Sun, Y., Zeng, Y., Rajput, I. R., Sanganyado, E., Zheng, R., 
Xie, H., Li, C., Tian, Z., Huang, Y., Yang, L., Lin, J., Li, 
P., Liang, B., & Liu, W. (2022). Interspecies differences in 
mammalian susceptibility to legacy POPs and trace metals 
using skin fibroblast cells. Environmental Pollution, 315, 
120358. https://doi.org/10.1016/j.envpol.2022.120358

Tchounwou, P. B., Yedjou, C. G., Patlolla, A. K., & Sutton, 
D. J. (2012). Heavy metal toxicity and the environment. 
Molecular, Clinical and Environmental Toxicology, 101, 
133-164. https://doi.org/10.1007/978-3-7643-8340-4_6

Thiébaut, V. (2018). La configuración de un territorio cañero-
azucarero en la primera mitad del siglo XX: La cuenca 
baja del río Papaloapan, estado de Veracruz, México [The 
configuration of a sugarcane-growing territory in the first 
half of the 20th century: The lower basin of the Papaloapan 
River, State of Veracruz, Mexico]. Memorias, (34), 176-
196. https://doi.org/10.14482/MEMOR.34.10560

Thomas, K. B., & Colborn, T. (1992). Organochlorine 
endocrine disruptors in human tissues. In T. Colborn & 
T. C. Clemen (Eds.), Chemically induced alterations in 
sexual and development: The wildlife/human connection 
(pp. 365-394). Princeton Scientific.

Titcomb, E. M., Reif, J. S., Fair, P. A., Stavros, H-C. W., 
Mazzoil, M., Bossart, G. D., & Schaefer, A. M. (2017). 
Blood mercury concentrations in common bottlenose dol-
phins from the Indian River Lagoon, Florida: Patterns of 
social distribution. Marine Mammal Science, 33(3), 771-
784. https://doi.org/10.1111/mms.12390 

Townsend, F. I., Smith, C. R., & Rowles, T. K. (2018). 
Health assessment of bottlenose dolphins in capture-
release studies. In F. M. D. Gulland, L. A. Dierauf, 
& K.  L. Whitman (Eds.), CRC handbook of marine 
mammal medicine (pp. 823-834). CRC Press. 

Veinott, G., & Sjare, B. (2006). Mercury, cadmium, sele-
nium, and seven other elements in the muscle, renal, 
and hepatic tissue of harbor seals (Phoca vitulina) 
from Newfoundland and Labrador, Canada. Bulletin of 
Environmental Contamination and Toxicology, 77(4), 
597-607. https://doi.org/10.1007/s00128-006-1105-9

Venn-Watson, S., Daniels, R., & Smith, C. (2012). Thirty-
year retrospective evaluation of pneumonia in a bottle-
nose dolphin Tursiops truncatus population. Diseases 
of Aquatic Organisms, 99(3), 237-242. https://doi.
org/10.3354/dao02471 



169Pollutants in Stranded Dolphin of the Southwestern Gulf of Mexico

Venn-Watson, S., Smith, C. R., & Jensen, E. D. (2008). 
Primary bacterial pathogens in bottlenose dolphins 
Tursiops truncatus: Needles in haystacks of commen-
sal and environmental microbes. Diseases of Aquatic 
Organisms, 79(2), 87-93. https://doi.org/10.3354/
dao01895

Wafo, E., Mama, C., Risoul, V., Schembri, T., Dhermain, 
F., & Portugal, H. (2012). Chlorinated pesticides in the 
bodies of dolphins of the French Mediterranean coastal 
environment. Advances in Environmental Science 
International Journal of the Bioflux Society, 4(1), 29-35.

Wells, R. S., Rhinehart, H. L., Hansen, L. J., Sweeney, 
J. C., Townsend, F. I., Stone, R., Casper, D. R., Scott, 
M. D., Hohn, A. A., & Rowles, T. K. (2004). Bottlenose 
dolphins as marine ecosystem sentinels: Developing 
a health monitoring system. EcoHealth, 1, 246-254. 
https://doi.org/10.1007/s10393-004-0094-6

Wodzebeyew, J. N. (2014). Total mercury in blood, hair and 
urine of artisanal gold miners in the Asutifi District of 
Brong-Ahafo region of Ghana (Master of Philosophy in 
Analytical Chemistry). Kwame Nkrumah University of 
Science & Technology, Kumasi, Ghana. 68 pp.

World Health Organization (WHO). (1996). Trace elements 
in human nutrition and health. Nutrition and Health, 11(2), 
133-134. https://doi.org/10.1177/026010609601100206 

Wunschmann, A., Siebert, U., Frese, K., Weiss, R., Lockyer, 
C., & Heide-Jørgensen, M. P. (2001). Evidence of infec-
tious diseases in harbor porpoises (Phocoena phocoena) 
hunted in the waters of Greenland and by-caught in the 
German North Sea and Baltic Sea. Veterinary Research, 
148, 715-720. https://doi.org/10.1136/vr.148.23.715

Yordy, J. E., Pabst, D. A., McLellan, W. A., Wells, R.  S., 
Rowles, T. K., & Kucklick, J. R. (2010a). Tissue-specific 
distribution and whole-body burden estimates of persis-
tent organic pollutants in the bottlenose dolphin (Tursiops 
truncatus). Environmental Toxicology Chemistry, 29(6), 
1263-1273. https://doi.org/10.1002/etc.152 

Yordy, J. E., Wells, R. S., Balmer, B. C., Schwacke, L. H., 
Rowles, T. K., & Kucklick, J. R. (2010b). Partitioning of 
persistent organic pollutants between blubber and blood 
of wild bottlenose dolphins: Implications for biomoni-
toring and health. Environmental Science & Technology, 
44(12), 4789-4795. https://doi.org/10.1021/es1004158

Yordy, J. E., Wells, R. S., Balmer, B. C., Schwacke, L. H., 
Rowles, T. K., & Kucklick, J. R. (2010c). Life history 
as a source of variation for persistent organic pollutant 
(POP) patterns in a community of common bottlenose 
dolphins (Tursiops truncatus) resident to Sarasota Bay, 
FL. Science of the Total Environment, 408(9), 2163-
2172. https://doi.org/10.1016/j.scitotenv.2010.01.032


	_heading=h.wcd43bjm6rmq
	_heading=h.jj32qyrkfs17
	_heading=h.7w1i9gnj8cfu
	_heading=h.6d36f9ac7tet
	_heading=h.n6pta04gfgsr
	_heading=h.iweo8k53w0fb
	_heading=h.kvjwksvrjnii
	_Hlk155874472
	_Hlk155874998
	_Hlk158236407
	_Hlk152917158
	_Hlk42170221
	_Hlk152847080
	_Hlk60930141
	_Hlk147140005
	_Hlk146535145
	_Hlk146535161
	_Hlk156408264
	_Hlk156408094
	_Hlk155616076
	_Hlk153189720
	_Hlk153538399
	_Hlk158882821
	_Hlk158615804
	_Hlk156579271
	_Hlk158885481
	_Hlk156579604
	_Hlk158884476
	_Hlk158886692
	_Hlk158887159
	_Hlk158893066
	_Hlk158893195
	_Hlk158895564
	_Hlk147666265



