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Santa Rosa Island community members derive their income and livelihoods from bio-aquatic resources, principally bivalves of the genus Anadara, both for subsistence use and commercial purposes. Bivalve mollusks have a sedentary lifestyle and feed by filtering water, meaning they absorb all surrounding substances, including harmful elements like toxic metals. This study aimed to analyze different-sized samples of Anadara tuberculosa and Anadara similis, sediment, and Rhizophora mangle leaves to determine their total amount of cadmium, lead, and chromium as a first approach to the evaluation of the health risk related to the consumption of bivalves. For both species from four sampling sites, the results revealed metal concentrations in the bivalves between 0.211 and 0.948 mg kg–1, 0.038, and 0.730 mg kg–1, and 0.067 and 0.923 mg⋅kg–1 for Cd, Cr, and Pb, respectively. The calculated potential risk (>1) for cadmium, considering all body weights, showed a high health risk for consumers. In the case of lead, the results showed a high health risk in children. There was no risk found for chromium. For sediments, the mean values were 2.14, 29.99, and 12.37 mg⋅kg–1 and for the Rhizophora mangle leaves were 2.23, 4.22, and 3.35 mg⋅kg–1 for Cd, Cr, and Pb, respectively. These results did not show a relation with the metal content in bivalves.
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INTRODUCTION

Over the past decades, anthropogenic activities resulting from, urban and agricultural industrialization development, and waste disposal, have led to the increase of chemical pollution in coastal and marine ecosystems (da Silveira Fiori et al., 2018; Esposito et al., 2018). Coastal zones with river inflows are the most affected due to the continuous drag of contaminants, which constantly accumulate in marine sediments and organisms. Thus, marine organisms such as bivalves that inhabit the coasts are more likely to be exposed to high levels of contaminants, including trace metals. Hence, they represent a threat to human health when used for consumption because of their bioaccumulation and biomagnification through the aquatic food web (Jiang et al., 2018).

Mangroves are one of the most complex ecosystems in the world and are located in tropical and subtropical regions of terrestrial environments, estuaries, and near marine coasts. They are unique biomes that serve as a transition from the terrestrial to the marine environment. While there are no accurate estimates of the original cover, there is a consensus that it would have been over 200,000 km2 and that considerably more than 50,000 km2 or one-quarter of original mangrove cover has been lost because of human intervention (Spalding et al., 2010).

Over the past 20 years, the Ecuadorian government has awarded mangroves to fishing communities and tourism entrepreneurs. These mangrove concessions are not new in Ecuador; according to the Undersecretary for Coastal and Marine Management of the Ecuadorian Ministry of the Environment (abbreviated MAE in Spanish), 91 concessions have been granted since 2001. These concessions specify the community’s rights to use the mangrove ecosystem for artisanal fishery. In communities where the concessions have been implemented, local associations of fishermen have privileged access for fishing within the boundaries of their area (Beitl, 2015).

Within the Cayapas-Mataje Mangrove Reserve (REMACAM) the Association of Afro-Ecuadorian Women of Fishermen and Collectors of Bio-Aquatic Products of Santa Rosa Island has had for 10 years, a concession of 350 hectares assigned by the MAE since October 2018. The community members of Santa Rosa Island derive their livelihoods from bio-aquatic resources from the surrounding mangrove ecosystem, principally the bivalves of the genus Anadara, for their sustenance, also to sell them in nearby cities (Ministerio del Ambiente [MAE], 2019; USAID, 2012, p. 5). A. tuberculosa and A. similis are two bivalve species that inhabit mangroves and are found along tropical coastal regions of the Eastern Pacific, from Heroica Guaymas de Zaragoza port in Mexico to the Bay of Tumbes in Peru (Gener et al., 2009, p. 3). These species are bivalve mollusks known in Ecuador as “concha prieta,” “concha negra,” or “concha hembra” (Flores et al., 2014). These bivalves are harvested from the muddy, sandy substrate characteristic of the mangrove ecosystem during periods of low tide (Beitl, 2015).

Bivalve mollusks are benthic organisms, used as sentinel species because of their long-life cycle and sedentary lifestyle (da Silveira Fiori et al., 2018). They allow pollution levels of marine ecosystems to be evaluated, providing integrated information over time on the presence of pollutants in the environment (Boening, 1999; Erk et al., 2018). Bivalves are characterized by their ability to filter water to feed (Ruiz et al., 2018). Because of this feeding method, these animals absorb high concentrations of toxic non-essential metals such as cadmium (Cd), chromium (Cr), lead (Pb), and essential metals such as cobalt (Co), copper (Cu), manganese (Mn), and zinc (Zn), which bioaccumulate in their tissues (da Silveira Fiori et al., 2018).

In Ecuador, legal regulations related to bivalves (Ministerial Agreement N° 005 issued on August 2, 2005) regulate the minimum size (4.5 cm in length) for the extraction and commercialization of A. tuberculosa and A. similis (Ministerio de Acuacultura y Pesca [MAP], 2005). However, the regulation does not address threshold values for any contaminants, including toxic metals.

The European Commission Regulation (European Commission (EC), 2006) has established maximum levels for some contaminants, including heavy elements like Cd and Pb, of 1.0 and 1.5 mg⋅kg–1 (fresh weight), respectively, in bivalve mollusks for its consumption. The Food and Agriculture Organization of the United Nations (FAO) and the World Health Organization (WHO) have established threshold values only for Cd (2.0 mg kg–1, fresh weight) in the International Food Standards (CODEX 193) (FAO/WHO, 2019). In the case of Cr, neither the European Commission Regulation nor the FAO has established threshold values.

Regarding health risk assessment, the Environmental Protection Agency of the United States (US EPA) has established oral reference doses (RfD) of 0.001 mg kg–1 d–1 for Cd (US EPA, 2018, 2000) and 1.5 mg kg–1 d–1 for Cr (III) (US EPA-IRIS, 1998). There is no US EPA RfD value for Pb, but the United States Food and Drug Administration (FDA) interim reference level for lead corresponds to 0.003 mg d–1 for children and 0.0125 mg d–1 for adults (FDA, 2019).

Several studies on metal contamination in sediments, mangroves, and macrobenthic organisms that evaluate environmental pollution levels and health risks have been conducted in Guayas and Esmeralda provinces (Fernández-Cadena et al., 2014; Mendoza Angulo, 2014; Calle et al., 2018; Pernía et al., 2018). Nevertheless, no studies related to Pb levels have been conducted in Santa Rosa Island. For these reasons, this study aims to: a) determine the concentration of Cd, Cr, and Pb in REMACAM bivalves (A. tuberculosa and A. similis), and b) assess the health risks associated with these metals by consuming Anadara spp.



MATERIALS AND METHODS


Study Area

The REMACAM is located in the northwest of Ecuador, in the province of Esmeraldas, and includes the southern part of the Tumbes-Chocó-Magdalena ecological region. Within REMACAM inhabit the community of Santa Rosa Island, comprising 310 members in 87 families. Most of the community is young (146 members between 0 and 19 years old), and the illiteracy level is 24%. The population maintains an income level below the poverty line of the national average set at 47.48 USD of monthly family income.

Santa Rosa Island community is located in the central part of REMACAM between the Pacific Ocean and Santa Rosa estuary. Four sampling sites were established based on their proximity to the ocean, and the fact that they are remote areas that could be impacted by the Santa Rosa Island population. The sites were denominated E1, on the southern border of the “Hondo” estuary, 300 m from where the Santa Rosa estuary begins. E2, on “la Tumba” beach, in the Santa Rosa estuary, 1500 m south of where the estuary begins. E3, on “al Otro Lado” beach, in the estuary that borders the north side of the settlement, and E4, “la Caleta” estuary, 500 m from the Santa Rosa estuary (Figure 1).
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FIGURE 1. Location of bivalve, sediment, and leaf sampling sites (image edited from ArcGIS online and powered by esri).




Sample Collection

The samples were bought to the Santa Rosa Island community members, who carried out the sampling process using the same technique that they routinely use to collect bivalves for consumption and sale. The harvesting was done for 1 h, in which the largest possible number of bivalves were collected without considering kind or size. Four pairs of collectors were chosen for buying the samples, one for each sampling location. In addition, holes were dug to extract four surface sediment samples of about 30 cm deep using a stainless steel scoop as the SESDPROC-200-R3 reference (US EPA, 2014) and four samples of Rhizophora mangle leaves were collected, corresponding to each location.



Handling Samples Before Analysis

Fifty composite samples of the different species and sizes from the four sampling locations were formed with approximately 10 bivalves randomly selected for each sample. The samples were stored in self-sealing plastic bags, labeled, stored in a refrigerator, and transferred to the Environmental Management Laboratory of the Pontificia Universidad Católica del Ecuador in Esmeraldas (PUCE-Esmeraldas), where they were classified into 18 subgroups by species, length, and width. The soft tissues were immediately extracted to transfer to the Centro de Estudios Aplicados en Química laboratory in Quito. The sediment and leaf samples were also deposited in self-sealing plastic bags and transferred to the laboratory.



Metal Quantification

All samples including bivalves, sediment, and leaves were analyzed in triplicate, using fortifications as quality control. The lowest concentration of each metal that can be detected (detection limit) was established analytically at 0.15 mg kg–1, 0.55 mg kg–1, 0.45 mg L–1 for Cd, Cr, and Pb respectively. The minimum concentration of each metal that can be reliably determined (quantification limit) was established analytically at 0.5 mg kg–1 for Cd and 15.0 mg kg–1 for both Cr and Pb. The calibration curves were prepared in 0.01, 0.10, 0.30, 1.00 mg L–1 for Cd, and in 0.3, 1.0, 3.0, 5.0 for Cr, and Pb mg L–1, considering a correlation coefficient higher than 0.99 for its acceptation. The relative standard deviation (RSD) for each triplicate and fortification recoveries (accuracy) was calculated for each sample determination.

The refrigerated soft tissues were washed with high-quality reagent water (resistivity 18.2 MΩ⋅cm at 25°C) to eliminate sediment residue and any other kind of impurity. Water content was determined at 105°C using an oven (Memmert UM 500). Samples were dried for 72 h at 60°C in the oven until a constant weight was achieved. The dried tissues were then milled.

Approximately 0.5 g of each sample were measured in Teflon vials, and 7 mL of 65% nitric acid were added (Fisher Chemical, Certified ACS plus, CAS# 7697-37-2). Acid digestion was performed using a CEM MARS 6 microwave, applying the analytical method IPN AC-06-00 (CIIEMAD-IPN, 2011) as a reference, validated for its use for bivalve matrix. The digested samples were then filtered and made up to a final volume of 25 cm3. Metals (Cd, Cr, and Pb) were quantified with a flame atomic absorption spectrophotometer, Perkin Elmer AAnalyst 400. For blanks, samples, and calibration curve standards preparation, analytical grade reagents were employed. The triplicate analysis, fortifications of known concentrations, and certified reference material of metals in fish protein (DORM 4; National Research Council Canada) were performed as quality control. The results are presented in mg kg–1 of fresh weight.

Sediment samples were processed according to the US EPA method 3051A (US EPA, 2007). Leaves samples were processed according to the natural food method validated for its use in plant tissues (Romero-Estévez et al., 2019). Both matrixes were analyzed using a flame atomic absorption spectrophotometer.



STATISTICAL ANALYSES

The arithmetic mean, standard deviation, and recovery of fortifications were calculated for all the Cd, Cr, and Pb concentrations obtained from all the samples.

The RSD values and accuracy were evaluated against the acceptable limits described in the AOAC Guidelines for Single Laboratory Validation of Chemical Methods for Dietary Supplements and Botanicals (AOAC, 2002): the RSD value acceptance limits are 11% for reproducibility, and the accuracy acceptance limits are between 80 and 115%.

In addition, for the correlation analysis between the metals content in bivalves, sediments and leaves, the correlation coefficients and p-values were calculated using an alpha (α) level of 0.05 (confidence level 95%) as an indication of statistical significance.



CALCULATIONS


Human Health Risk Assessment

In Ecuador, a traditional recipe for the bivalves included in the present study is the “ceviche,” in which approximately 20 bivalve specimens between 40 and 50 mm are used, corresponding to an approximately intake portion between 150 and 500 g (fresh weight). Eating ceviche is common for locals, who eat between 3 and 5 portions per week. For the intake calculations, the amounts of 200 g and the 400 g (fresh weight) were selected as the intake portions for children and adults respectively, considering the average number of bivalves per portion and the mean of the general meat portion.

The exposure levels (Ex) to Cd, Cr, and Pb were calculated for children (14.5 kg of body weight) and adults (70 kg of body weight) to evaluate the human health risk from the consumption of A. tuberculosa and A. similis by the community members of Santa Rosa Island. The following US EPA (2000) formula was used:
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where Ex is the exposure (mg kg–1 d–1); Cx is the concentration of metal in the edible portion of samples (mg kg–1); CR is the mean amount of bivalves (kg) that are consumed daily (200 g for children and 400 g for adults), and BW is body weight (kg).

Likewise, the non-carcinogenic potential risk (Rx) for consumption was evaluated using the following equation (US EPA, 1986):
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where Ex is daily exposure (mg kg–1 d–1), and RfD is the oral reference dose (mg kg–1 d–1) (US EPA-IRIS, 1998; US EPA, 2018, 2000; FDA, 2019), which corresponds to the amount of metal that could be consumed daily without any adverse health effects.

For the evaluation, Rx values lower than 1 means imperceptible risk; if Rx values are higher than 1, the exposed populations may be at risk. As the US EPA guidelines explain, “Exposure above the RfD is not recommended. The likelihood of risk is related to the degree to which exposure exceeds the RfD” (US EPA, 2000, pp. 2–53).

Individual carcinogenic risk is equivalent to the increased probability of an individual developing cancer over his/her lifetime due to exposure to the metals included in this study. The individual carcinogenic risk for Pb was estimated using the existing cancer potency provided by the US EPA (2018): 0.0085 mg⋅kg–1⋅d–1. As Cd and Cr (III) do not have slope factor values for cancer potency, individual carcinogenic risks could not be estimated. To calculate individual carcinogenic risk, the following US EPA (2001) equation was used:
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Individual carcinogenic risk values lower than 10–6 were considered negligible, values between 10–6 and 10–4 were considered within an acceptable range, and values higher than 10–4 were considered intolerable (US EPA, 2001).

Besides, the allowable daily consumption rate [CRlim (g d–1)] was evaluated (US EPA, 2000) to determine the approximate amount of bivalves (g) that a person can consume per day and not present health problems, based on the RfD:
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where RfD is the oral reference dose (mg⋅kg–1⋅d–1), BW is the corporal weight (kg), and Cx is each metal concentration in the samples (mg⋅kg–1).

The human health risk assessment was calculated applying different scenarios for the metal concentrations (mean, minimum, and maximum).

All the data calculations were done using Microsoft Office Professional Plus® Excel 2016.



RESULTS AND DISCUSSION


Sample Characteristics

In this research, different soft tissue content was observed among the four sampling sites. The specimens harvested from E1 of 30 to 40 mm in length had an average meat proportion of 8.63 ± 3.65 g of meat portion and 33.7 ± 7.89% of soft tissue. From E2, specimens were bigger with an average meat portion of 13.26 ± 7.12 g and 44.4 ± 9.45% of soft tissue. From E3, specimens fell between E1 and E2 with an average of meat portion of 10.51 ± 3.93 g of and 38.2 ± 10.23% of soft tissue. Finally, from E4, specimens had 9.43 ± 4.72 g of meat portion and a 35.8 ± 12.34% of soft tissue. Samples greater than 50 mm had an average of 13.4 ± 5.31 g of meat portion and 34.7 ± 3.81% of soft tissue from E1; 20.42 ± 6.52 g of meat portion and 41.7 ± 6.87% of soft tissue from E2; 12.65 ± 6.29 g of meat portion and 25.62 ± 13.14% of soft tissue from E3; and 16.44 ± 5.68 g of meat portion and 33.96 ± 6.53% of soft tissue from E4. The mean weight of the soft tissue from A. tuberculosa and A. similis specimens between 40 and 50 mm was 10.19 ± 5.03 g, and specimens greater than 50 mm reached 14.9 ± 6.57 g.



Metals Quantification

The results of metals determination are shown in Table 1. For the Cr and Pb analysis of the bivalve samples, the results were below the quantification limits for each method. However, the approximate concentrations were estimated with the fortifications results, which were within the working range. The highest concentration of Cd was 0.560 mg kg–1 from location E2 for A. tuberculosa and 0.948 mg kg–1 from location E4 for A. similis. The highest concentration of Cr was 0.634 mg kg–1 from location E3 for A. tuberculosa and 0.730 mg kg–1 from location E4 for A. similis. Finally, for Pb, the highest concentration was 0.923 mg kg–1 for A. tuberculosa and 0.908 mg kg–1 for A. similis, both from location E3. In a study using bivalve samples from Esmeraldas Province conducted by Mendoza Angulo (2014), concentrations of 0.3 mg kg–1 for Cd and Cr were found, which corresponds to the results in the present study. No studies related to Pb levels have been conducted at Santa Rosa Island location for comparison. The Pb results for the sediment samples were lower than the quantification limit in three of the four samples; the same results were found for all leaf samples for Cr and Pb. In these cases, the concentrations were estimated using the fortification results.


TABLE 1. Concentration ranges of cadmium (Cd), chromium (Cr), and lead (Pb) in A. tuberculosa and A. similis (mg kg–1), rates of the standard deviation of the triplicates (%), and accuracy (%) of the samples collected in four locations near the Isla Santa Rosa community in Esmeraldas.

[image: Table 1]In the sampling process, other species were collected and analyzed: Protothaca asperrima with a mean concentration of 0.15, 0.41, and 0.49 mg kg–1 for Cd, Cr, and Pb, respectively, and Polymesoda inflata with a mean concentration of 0.27, 0.74, and 0.36 mg kg–1 for Cd, Cr, and Pb, respectively. In all the cases, the highest RSD were 5.43, 5.19, and 5.56% for Cd, Cr, and Pb, respectively, and the fortification recovery rates (accuracy) were between 81.82 and 101.82%. These species are not commonly used for consumption, thus the risk assessment related was no calculated. The metal content was in the same order as the content obtained for the Anadara spp. samples.

The certified reference material of fish protein recovery results were 84.91% for Cd, 86.19% for Cr, and 91.59% for Pb.

For the sediment results, the mean values of the metal concentrations were 2.14, 29.99, and 12.37 mg kg–1 for Cd, Cr, and Pb, respectively. The RSD values were under 5.53, 2.65, and 2.93% for Cd, Cr, and Pb, respectively, and the recoveries were between 80.07 and 104.58%. The highest value corresponded to location E3.

For Cd, Cr, and Pb content, the results are varied, and no relation could be found between the bivalves and sediments metal content. For A. tuberculosa the correlation coefficients were 0.2186 (p = 3.04E-06), 0.0887 (p = 5.46E-06), and 0.1044 (p = 6.75E-06), for Cd, Cr, and Pb, respectively. In the case of A. similis the correlation coefficients were 0.3356 (p = 0.0019), 0.8393 (p = 0.0009), and 0.0105 (p = 0.0011) for Cd, Cr, and Pb, respectively. For all cases, the p-values were lower than α = 0.05.

The results of the present study are in agreement with some authors who concluded that there is no correlation between the metal content between sediment and bivalve species (Chu et al., 1990; Amiard et al., 2007; Lias et al., 2013). This difference may be related to sediment properties such as acid-volatile sulfides, organic matter, texture, geology, organism behaviors among others those influencing the bioavailability of metals (Zhang et al., 2014). On the other hand, the presence of metals in the sediments is related to other parameters as pH, salinity, conductivity, and temperature. The pH contributes to the efficiency of the interaction between the metal ion and the adsorbent surface (Saranya et al., 2018); water salinity is another important factor because the Cl– ion can form various complexes with metals, allowing the exchange, increase or decrease of metals in sediment-aquatic environment (Harter and Naidu, 2001); the electrical conductivity is proportional is directly related to cations or anions content including metals; the temperature has a direct influence on the solubility of heavy metals.

The mean concentrations from the Rhizophora mangle leaves were 2.21, 4.38, and 3.29 mg⋅kg–1 for Cd, Cr, and Pb, respectively. The RSD values were under 5.88, 5.83, and 5.00% for Cd, Cr, and Pb, respectively, and the recoveries were between 80.89 and 106.10%. In this case, the highest values corresponded to locations E1, E2, and E3 for Pb, Cr, and Cd, respectively, and did not show a relation to sediment or bivalve results.

In the comparison between the metal content of leaves and bivalve samples, there was not a correlation between the results of the three metals. The correlation coefficients were 0.0731 (p = 0.0025), 0.0722 (p = 0.0004), and 0.0778 (p = 4.57E-07), for Cd, Cr, and Pb, respectively for A. tuberculosa. In the case of A. similis the correlation coefficients were 0.3356 (p = 0.0480), 0.8393 (p = 0.0108), and 0.0105 (p = 5.05E-05) for Cd, Cr, and Pb, respectively. For all cases, the p values were lower than α = 0.05. Nevertheless, Rhizophora mangle leaves can be used as important bioindicators of metal contamination in mangrove ecosystems (Pinheiro et al., 2012).

Location E3 is nearest to the community of Santa Rosa Island, and in this location, there is little water flow, in a curved area where sediment can accumulate. Location E4 is farther away from the community and belongs to the “La Caleta” estuary riverbed. The trace metal contamination is assumed to be from the natural composition of soils and erosion (Soborino-Figueroa et al., 2007; Aouini et al., 2018; Arumugam et al., 2018; Fasano et al., 2018), There is also illegal mining in localities upstream of river beds that flow into the area (Global Initiative against Transnational Organized Crime, 2016). Also, the inadequate management of household waste, incorrect final disposal of fuels for the repair of boats and outboard motors, pollutants that are dumped directly into the mangrove (Echeverría, 2019).

Ecuadorian laws do not have specific regulations related to metal concentrations in bivalves; nevertheless, when applying the European Commission and FAO regulations, the results of the present study are lower than the Cd and Pb threshold values.

Regarding mangrove sediments, Ecuadorian regulations do not establish specific acceptance limits for contaminants; however, Ministerial Agreement N° 097 established regulation for soil quality in general, and the maximum acceptable limits for Cd, Cr, and Pb are 0.5, 54, and 19 mg⋅kg–1, respectively (Ministerio del Ambiente [MAE], 2015). The Canadian interim sediment quality guidelines (ISQGs) also set maximum limits for these metals: 0.7 mg⋅kg–1 for Cd (Canadian Council of Ministers of the Environment [CCME], 1999), 52.3 mg⋅kg–1 for Cr (Canadian Council of Ministers of the Environment [CCME], 1995), and 30.2 mg⋅kg–1 for Pb (Canadian Council of Ministers of the Environment [CCME], 1999). The concentrations obtained in the present study were 2.14, 29.99, and 12.37 mg⋅kg–1 for Cd, Cr, and Pb, respectively. Thus, the concentrations found were lower than the Ecuadorian and Canadian regulations for both Cr and Pb. In the case of Cd, the average concentration was approximately four times the limit established in Ecuadorian regulations and three times the limit established in Canadian regulations, which may be due to the presence of cadmium in water and soils (Fernández-Cadena et al., 2014; Echeverría, 2019).



Human Health Risk Assessment

As Acosta and Lodeiros (2004) mention, the consumption of mollusks, like bivalves, contributes to a potentially toxic metal intake. Toxic metals can elevate the risk of chronic poisoning for people living in coastal areas, and also to mangroves (Acosta and Lodeiros, 2004; Fernández-Cadena et al., 2014; Aguirre-Rubí et al., 2018a, b; Loaiza et al., 2018; Pernía et al., 2018).

For the Ex results, all Cd levels for A. tuberculosa and A. similis exceeded the respective RfD value (0.001 mg⋅kg–1⋅d–1). Exposure to Cd is mainly associated with increased urinary excretion of low molecular weight proteins, with repercussions on kidney dysfunction and bone disease (Itai Itai disease) in exposed populations, and also with the development of cancer (Godt et al., 2006).

In Cr, all results were quite lower than the RfD value (1.5 mg⋅kg–1⋅d–1), and for Pb, the results were lower than the RfD values (0.003 mg⋅d–1 for children and 0.0125 mg⋅d–1 for adults), except in children for the mean and maximum Pb concentration scenarios for both bivalve species. Moreover, the results show that in all cases (children and adults for A. similis and A. tuberculosa), Cd potential risk levels are higher than those for Cr and Pb; therefore, more Cd toxicity exists per amount of bivalves ingested (Tables 2 and 3). The individual carcinogenic risk showed values lower than 10–4 for A. tuberculosa and A. similis, which is considered within an acceptable range. The higher value was in children for the maximum Pb concentration scenario in A. tuberculosa. Exposure to elevated levels of Pb has serious consequences on the health of children, attacks the brain and central nervous system. When there is contamination at lower levels, there are no obvious symptoms, however, it can affect the brain development of children, reduced IQ, changes in behavior, attention disorders, antisocial behavior. Furthermore, exposure to lead also causes anemia, hypertension, kidney failure, immunotoxicity, and toxicity to the reproductive organs, irreversible neurological, and behavioral effects (WHO, 2019). Counter et al. (2015) have found that the blood Pb levels observed in Ecuadorian infants (33.6 ± 28.9 μg dl–1) and young children (27.9 ± 22.5 μg dl–1) are higher than the World Health Organization level of concern (10 μg dl–1), and Centers for Disease Control and Prevention current reference value (5 μg dl–1). This worrying situation means that pediatric Pb intoxication persists in developing countries where Pb contamination exists.


TABLE 2. Anadara tuberculosa exposure levels (mg kg–1 d–1), non-carcinogenic potential risk (no units), individual carcinogenic risk for Pb (no units), and the allowable daily consumption rate (g d–1) for Cd, Cr, and Pb, considering the mean, minimum, and maximum metal concentrations for child and adult mean body weights (kg).

[image: Table 2]
TABLE 3. Anadara Similis exposure levels (mg kg–1 d–1), non-carcinogenic potential risk (no units), individual carcinogenic risk for Pb (no units), and the allowable daily consumption rate (g d–1) for Cd, Cr, and Pb, considering the mean, minimum, and maximum metal concentrations for child and adult mean body weights (kg).

[image: Table 3]Finally, the allowable daily consumption rate (CRlim) in grams of A. tuberculosa was estimated considering that Cd poses the highest potential risk. For the mean, minimum, and maximum Cd concentration scenarios, child CRlim values were 42.1, 68.7, and 25.9 g, respectively, and adult values were 203.1, 331.4, and 125.0 g, respectively. In the case of A. similis (Table 3), for each scenario, the child CRlim values were 31.5, 59.6, and 15.3 g of bivalves; the adult CRlim values were 151.9, 287.9, and 73.9 g of bivalves. The higher results indicate that more consumption of bivalves than those obtained in the calculations could imply a high risk to any health for both children and adults. The FDA recommendations cited by Soborino-Figueroa et al. (2007) suggest the consumption of mollusks from 28 to 83 g as a safe portion. In the case of this study, the recommended values are higher than those recommended by Soborino-Figueroa et al. (2007).



CONCLUSION

There is heterogeneity in the content of Cd, Cr, and Pb found in the bivalve samples of the present study. Additionally, when comparing the results of the content of metals in the sediments and the leaves collected in the same locations of bivalves, no correlation was found. These may be an indication that the presence of metals in mangrove substrates (sediments) is not the only aspect to be considered to explain a high intake by natural species as bivalves (Anadara spp.), and vegetation (Rhizophora mangle). In addition, these sediments results can be used as a baseline that indicates no metal enrichment of any sort in the locations areas. On the other hand, the present study is aimed to be the first approach to determine a possible contamination of Cd, Cr, and Pb, in the area inside the REMACAM natural reserve. The results obtained suggest that more studies should be done to a wider evaluation of metals contamination including other locations within the REMACAM area.

As seen in the health risk assessment results for children (portion corresponding to 200 g) and adults (portion corresponding to 400 g), it is evident that consumption of a bivalve portion contains concentrations of Cd exceeding the RfD values from US EPA (2018, 2000). In the case of Pb, the concentration values for children (mean and maximum scenarios) were above de FDA (2019) values. In all cases, the consumption of bivalves could imply a health risk to the community members of Santa Rosa Island.

Many communities that derive their livelihoods from bio-aquatic resources are isolated; this fact is a limiting factor for the periodic monitoring and hinders the implementation of treatment systems as depuration for the elimination of Cd, Cr, and Pb. Furthermore, economic limitations make development activities depend on external resources, which, in most cases, are difficult to achieve.

In Santa Rosa Island, the sources of trace metal contamination cannot be completely determined because they are both natural and anthropogenic. This first approach aimed to have a general evaluation about the metals presence and the community risk exposure, but further investigations are needed to find out the principal source of contamination.

It is necessary to continue the studies related to toxic metals content in bio-aquatic resources and its relationship with public safety associated with the consumption of food that contains toxic metals. It also imperative to keep monitoring the locations where it is presumed that metal contamination exists.
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