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HIGHLIGHTS

e Crassostrea rhizophorae presented concentrations of the metals Fe, Mn, Cu,
Zn, Cd and Cr.

« Zn and Cd presented results above Brazilian legislation regarding
contaminants, noting that both environments are contaminated.

Abstract: Mangroves are tropical and subtropical flooded forests that generally
develop in estuarine areas over unstable sediments protected from the action of waves
in the intertidal zone with an environment characterized by a great diversity of fauna
and flora. Thus, the present study aimed to evaluate the levels of heavy metals that are
absorbed by mangrove oysters, in estuarine systems in the Alagoas coast by
determining the concentrations of Fe, Cu, Mn, Zn, Cd and Cr. Two areas, which
consisted of both a collection during the rainy season and the dry season, were
selected for sampling of mangrove oysters. In each collection, seven samples were
collected, at seven different points, where each sample contained four oysters. In the
laboratory the oysters were dried at 105°C for 72 hours and then macerated. It was
then digested with 10 ml of a solution comprising a combination of 4:1 nitric acid and
hydrochloric acid, initially in 1h at 40°C, followed by 3 hours at 140°C. In General, the
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medians followed the order Zn > Fe > Mn > Cu > Cr > Cd in MMELC and Zn > Cu > Fe
> Mn > Cr > Cd in Meirim River. It is concluded that the Crassostrea rhizophorae
oysters from the studied environments presented concentrations of all the metals
proposed in the research and demonstrates its accumulating and bioindicator
character.

Keywords: Mangrove; Mangrove Oyster; Heavy Metals.

INTRODUCTION

Mangroves are tropical and subtropical flooded forests that generally develop in
estuarine areas over unstable sediments protected from the action of waves in the
intertidal zone [1].The forests of mangrove ecosystems are part of a highly complex
transitional coastal ecosystem that includes 0.7% of tropical forests with a strong
relationship with neighboring habitats. They hold a rich, peculiar structure that houses a
wide variety of plants, animals and microorganisms [2].

Due to the presence of a predominantly tropical territory, Brazil has a great
extension of mangroves, which justifies the great wealth of fish species on the Brazilian
coast. In Alagoas, they are found practically across the entire coastal strip [3].

In the last four decades, the world's mangrove ecosystems have been severely
impacted by a combination of natural and anthropogenic stressors. They have been
especially targeted by an increasing anthropic pressure when near urban areas. As a
result, this ends up altering its quality and compromising the health of the ecosystem
as a whole, with a strong impact on the local biota. The main factors are deforestation
for industrial, urban and touristic projects and contamination by sewage from
aguaculture waste and chemical substances [4].

There are several ways to identify pollution of ecosystems which are highlighted
with the biomonitoring of heavy metals. Besides having a cumulative effect [5] , metals
naturally found in the environment, such as mercury, cadmium, lead and arsenic, are
considered to be non-essential because of their high toxicity (they are able to interfere
with enzymatic reactions by changing the conformation of the enzymes), and they do
not to participate in metabolic processes.

Due to the ability to bioconcentrate trace elements and organic compounds,
certain aquatic organisms have been used in recent years as biomonitoring of pollution
in coastal environments. Some of these organisms are migratory, which makes them of
little use in the study of the contamination of a certain area. Others, such as bivalve
mollusks, live almost always fixed to a given substrate, and are therefore excellent
environmental indicators [6].

Bivalve mollusks are widely used as indicators of pollution by trace elements
because they are widely distributed in coastal ecosystems that are more susceptible to
pollution, are abundant and easy to collect and are sessile organisms with a low level
of enzymatic activity. So, they act less in the metabolism of these pollutants. In
addition, these organisms arouse great economic interest because they are used by
man as a source of food [5]. The objective of this study was to evaluate the levels of
trace metals that are absorbed by mangrove oysters, (Crassostrea rhizophorae) in
estuarine systems on the coast of Alagoas by determining the concentrations of iron,
copper, manganese, zinc, cadmium and chromium. Another objective was to analyze
and to correlate the possible variations of the concentrations of elements in the soft
tissues of the oysters with the variations of the index of condition and with the seasonal
variations.
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MATERIAL AND METHODS

Study area

In order to carry out this study, two areas of mangrove forests were chosen in the
metropolitan region of Macei6, the capital of the State of Alagoas. The first study area
was the mangrove forest formed on the banks of the mouth of the Mundaud / Manguaba
lagoon complex (MMELC), which is georeferenced by coordinates 9°69"66'S and
35°78"57.87'W (Figure 1).
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Figure 1. Map displaying the study area and sampling site in the MMELC.

The second study area is located at the mouth of the Meirim River in the
neighborhood of Pescaria, north coast of Maceid, Alagoas. The chosen point is
georeferenced by the coordinates 9°30"26'S and 35°37"14'W. The Meirim River is born
in the municipality of Messias, a forest area in the State of Alagoas. It cuts practically
the entire capital, Maceid, until it empties into the Atlantic Ocean (Figure 2).
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Figure 2. Map displaying the study and sampling site in the Meirim River.

Oyster collection

Oysters that are trapped in roots of the Rhizophora mangle were manually
removed, with the aid of spatulas. The samples were collected at low tide at the
medium height of the substrate. A collection was carried out during the rainy season
(July) and another during the dry season (February). At each collection seven samples
were taken at seven different points where each sample contained four oysters ranging
in size from 3.0 to 5.0 cm, since sample size affected the concentrations of metals in
bivalves [7].

Preparation of samples

The oysters were scraped to remove all the material fixed on the outside of the
shells (for example, algae, barnacles etc.), were subsequently washed with distilled
water, to then be measured in order to achieve the standardization of the samples.
Then, they were removed from the shells and finally the soft part was heavily balanced
for precision.

The oysters were dried at 105° C for 72 hours and then macerated using a mortar
and pestle. Then it was digested with 10 mL of aqua regia, a solution comprising a
combination of nitric acid and hydrochloric acid at a rate of 4:1, initially for 1 hour at a
temperature of 40° C, followed by 3 hours at 140° C. The resulting solution obtained at
the end was filtered using Whatman paper filter no. 17. Finally, the levels of Fe, Mn,
Cu, Zn, Cd, and Cr were determined by using the Mehlich method and analyzed by
means of atomic absorption spectrometry with the Analytik Jena, model novAA A300.
After conversion, the data were presented in microgram per gram (ug.g-1) [7].

Human exposure assessment

The risk to human health was calculated according to equation 1 using the
established data by FAO/WHO [8]:

dey,
EDI = Cpivaive X ( leve> @
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where EDI is the estimated diary intake, Cyvave = average trace metal
concentrations

(mg kg-1 wet weight) in Crassostrea rhizophorae, dcyvave iS the daily bivalve
consumption (g day-1) per capita for the Brazilian population as established by the
FAO, and bw is the average body weight (kg) of the brazilian population.

The hazard quotient was obtained using equation 2:

EDI 2)

where the EDI is divided by reference dose (RfD) as recorded by FAO. The HQ
relates the heavy metal toxicity to the daily oyster consumption. HQ values less than
1.0 do not show a potential risk to human health [8].

Statistical analysis

The data were submitted to analysis of variance and the means were compared by
Fisher's LSD test at 5% probability. The analyses were performed by using the
software Genes [9,10].

RESULTS

Distribution of heavy metals

The mean concentrations of the Fe, Mn, Cu, Zn, Cd and Cr metals in the two
studied regions, both in the dry season and in the rainy season, are shown in Tables 1
and 2. Concentrations of Fe, Cu, Zn, Cd, Cr, and Mn in MMELC in the dry period varied
from 3.7 to 14.9, 0.18-0.42, 8.7-11.2, 0.06-0.19, 0.02-0.8 and 0.26-0.98, and in the
rainy season 2.9-6.1, 0.19-0.43, 5.78-7.58, 0.01-0.14, 0.04-0.31 and 0.15-0.34,
respectively. In the Meirim River in the dry season, the values ranged from 4.0-7.8,
0.17-0.42, 9.8-11, 0.08-0.14, 0.06-0.3 and 0.16-0.50, and in the rainy season 2.6-4.8,
0.16-0.32, 6.2- 7.7, 0.02-0.17, 0.03-0.14 and 0.15-0.29. In general, the averages
followed the order Zn> Fe> Mn> Cu> Cr> Cd in MMELC and Zn> Fe> Cu> Mn> Cr>
Cd in Meirim River.

Table 1. Concentration (mean + standard deviation) of heavy metals in two mangrove regions -
MMELC and Meirim River (dry mass concentration measured in pg.g™).

Metal MMELC Meirim River
Fe 278.06+120.41a 203.18+62.22b
Cu 14.33+7.02a 11.93+4.13a
Mn 17.20+5.54a 10.92+3.40b
Zn 413.58+122.00a 401.43+75.62a
Cd 4.65+4.48a 4.21+2.28a
Cr 13.14+10.66a 6.38+4.43b

Medium followed by the same letter in line does not differ statistically by the Fisher LSD test at
5% probability.
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Table 2. Concentration (mean * standard deviation) of heavy metals in dry and rainy period (dry
mass concentration measured in pg.g'l).

Metals Dry Rainy
Fe 219.08+108.44a 262.15 +93.05a
Cu 10.48+4.22b 15.79+6.03a
Mn 13.61+5.81a 14.52+5.42a
Zn 357.61+91.44b 457.40+£83.00a
Cd 4.37+1.41a 4.48+4.84a
Cr 10.49+10.65a 9.03+6.60a

Means followed by the same letter in the row did not differ statistically by Fisher's LSD test at
5% probability.

In comparing the dry and rainy period, a statistically significant increase in Cu and
Zn concentrations from the dry to the rainy period occurred (Figure 3).
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Figure 3. Concentration (mean * standard deviation) of heavy metals in the dry (a) and
rainy (b) period (dry mass concentration measured in ug.g-1).

Fe, Mn and Cr levels were significantly higher in MMELC than in Meirim River
(Figure 4). An MMELC has a more diversified industrial complex, containing, in addition
to agro-industry, a pole of chemical industries and a greater degree of urbanization,
presenting several points of sewage disposal and irregular waste disposal, including
inside the mangrove.
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Figure 4. Concentration (mean + standard deviation) of heavy metals in two mangrove
regions — MMELC (a) and Meirim River (b) (dry mass concentration measured in pg.g-1).
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Human exposure assessment

The mean trace element concentrations were used to estimate the daily intake of
trace elements through bivalves consumption by the Brazilian population. Table 3 show
the values of EDI and HQ for all studied heavy metals through oyster consumption.

Table 3. Estimated daily intake (EDI) (mg kg~' bw day™'), hazard quotients (HQs) and
acceptable daily intake (ADI) (mg kg'1 bw day'1) of heavy metals through Crassostrea
rhizophorae consumption by people in Alagoas, Brazil.

Location Fe Cu Mn Zn Cd Cr
EDI 0.338762 0.017458 0.020955 0.503866 0.005665 0.016009

MMELC HQ 0.483945 0.436457 0.149677 1.679553 5.665112 5.33617

Meirimm EDI  0.208909 0.012266 0,011228 0,412749 0,004329 0.00656

HQ 0.298442 0.30666 0.080199 1.375831 4.32871 2.186633
ADI 0.8* 0.5 0.14 0.21 0.001 -

*iron from all sources except iron oxide and hydrated iron oxides. Iron oxide and hydrated iron
oxides ADI=0.5 [26].

DISCUSSION

Distribution of heavy metals

The concentrations found in the MMELC and in Meirim River for Cu (14.33 pg.g-1 -
11.93 ug.g-1) and Zn (413.58 pg.g-1- 401.43. pg.g-1), respectively, were below the
studies in the Bay of Paranagua (PR) and in the Bay of Guaratuba (PR) [6], which
showed levels of Cu (331.50 p.g g-1 - 121.98 ug.g-1) and Zn (2751.03 pg.g-1 -
1531.34 ug.g-1) as well as Botelho (BA) and Tapera (BA) [11], where the results for Cu
were of (276.1 pg.g-1- 526.1 yg.g-1) and Zn (2099 ug.g-1 - 4733 ug.g-1). The same
occurred in Buche (Venezuela) and Mochima (Venezuela) [12], for Cu (83 pg.g-1 - 31.6
Mg.g-1) and for Zn (876.5 pg.g -1 - 719.3 pg.g-1).

However, exclusively for Zn (413.58 pg.g-1 - 401.43 ug.g-1), the data obtained
here were higher than those obtained in the Gulf of Guacanayabo [13] (164 ug.g-1) and
also in Paraty (RJ) [14] (256.5 ug.g-1). The presence of Cu and Zn in the environment,
more specifically in the oyster-mangrove may be associated with natural and
anthropogenic sources. The high values found for Zn can be explained by the strong
human action to which the sites researched are exposed. The domestic sewage dump
is an example of the type of action that these regions are subject to, as well as the
effluent flow of the ethanol industry, since the state of Alagoas has several plants of
this type.

According to the Brazilian Ministry of Health, the maximum limit for Zn is 50ug.g-1
[15]. Globally, this limit is quite variable, according to the legislation of each country.
The Ministry of Agriculture, Forestry and Fisheries (MAFF) [16], in England, determines
50 pg.g-1, same value established by Brazilian law, but in Australia the maximum limit
allowed for oysters is 1000 pg.g-1 [17]. Thus, the Zn levels found here were
significantly elevated, which may be indicative of environmental contamination.

Regarding the limits for Cu established by the Ministry of Health in Brazil [15], the
maximum limit is 30 ug.g-1, and the limits established by MAFF [16] is 20 pg.g-1. The
result found for Cu, both in Brazil and in England, is satisfactory.

For Cd, the mean concentrations found were 4.65 yg.g-1 and 4.21 pg.g-1 for the
MMELC and Meirim River, respectively. These values are similar to those found in
Paraty (RJ) [13] (4,4 ug.g-1). However, they are lower in Altata-Ensenada del Pabellén
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(Mexico) [18] (6.47 pg.g -1), and on the coast of Italy [19] (0.23 pg.g-1) and were
superior on the South Korean coast [20] (0.59 ug.g-1) and in Baia de Aratu (BA) [21]
(0.44 pg.g-1). With regard to the Cd, the MERCOSUR Technical Regulation [22] which
determines the maximum levels of inorganic contaminants in food, establishes that for
bivalve mollusks the maximum limit of 2 ug.g-1. The values found here are more than
double in the two studied environments, suggesting that the environment is being
contaminated, mainly by anthropic action.

The presence of Cd is associated with industrial pollution, the production of
batteries, paints and plastics, and with urban pollution, with the burning of fossil fuels,
urban waste and sewage sediments. Being a metal that does not participate in the
physiological process and was detected in mangrove oysters, it can be seen that
oysters are excellent bioindicators of environmental pollution [23]. Cd contamination
can cause in humans, renal dysfunction, immune disorders, pulmonary emphysema
and osteoporosis [24].

For Cr, the concentrations found were 13.14 ug.g-1 and 6.38 ug.g-1 for the
MMELC and Meirim River, respectively. Values are higher in Botelho (BA), in Tapera
(BA) [11], in Buche (Venezuela) and Mochima (Venezuela) [12], as well as to South
Korea's coast [20]. With respect to Mn, concentrations of 17.20 ug.g-1 and 10.92 ug.g-
1 for the MMELC and Meirim River were found respectively. Similar results to those
found in Botelho (BA) and in Tapera (BA) [11] and also Mochima (Venezuela) [12]
however, the values were lower in Buche (Venezuela) [12].

Regarding the presence of Fe (278.06 ug.g-1 - 203.18 ug.g-1) a similar result was
found in Botelho (BA) [11], and in Mochima (Venezuela) [12] and was and inferior in
Tapera (BA) [11] and higher in the Buche (Venezuela) [12].

The elements Cr, Mn and Fe are found naturally in the composition of the rocks,
and artificially through anthropic action in the presence of sewage, garbage and
industries, and in the use of fertilizers. The absence of guiding values in Brazilian
legislation for Cr, Mn and Fe in bivalve mollusks makes it impossible to indicate
contamination or not.

In the period from May to October, Alagoas presented a rainfall index of 252.95
mm [25]. The explanation for the increase in copper and zinc concentrations may be
closely related to the high amount of suspended organic matter during this period,
contributing significantly to the increase in the uptake and bioaccumulation of these
metals [2]. Knowing that copper and zinc are easily found in rocks and sediments, their
release through chemical weathering increases in periods of higher rainfall, which is
proven with the difference in the concentrations of the metals mentioned.

These results are of the utmost importance, since it should be considered that
particles present in the soil can be sources of potential contamination. As these metals
were initially absorbed, small variations in environmental conditions (rainfall, salinity,
organic matter, dissolved solids, among others) may cause them to be desorbed and
consequently returned to the aqueous medium, increasing the bioavailability of these
metals to organisms present in that ecosystem.

Human exposure assessment

The daily consumption of iron, copper and manganese is under the values
established by the FAO/WHO, indicating that there are no significant risks in the intake
of these metals through the consumption of Crassostrea rhizophorae at the MMELC
and Meirim River. However, for the values of zinc and cadmium (Cr values were not
found in the literature), it can be observed that they are above the levels established by
the FAO/WHO, where zinc is 2.3 times higher while for cadmium a value almost 6
times higher was found.

An important fact to highlight is the effect of contamination by heavy metals of
invertebrates, fish and humans. Significant amounts of these pollutants are discharged
into rivers and ponds, where they can be heavily accumulated in water, sediments and
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the food chain, resulting in sub-lethal effects or even death in local fish and crustacean
populations [27]. The toxicity of heavy metals has been a concern considering that they
are not being removed from aquatic ecosystems and accumulate, thus potentially
threatening human health and ecosystems through the food chain [28,29].

Zinc (2.3 times higher than Acceptable Daily Intake) is involved in numerous
aspects of cellular metabolism. The zinc is required for the catalytic activity of more
than 200 enzymes and it plays a role in immune function, wound healing, protein
synthesis, DNA synthesis and cell division [30]. Already the copper is essential for
maintaining the strength of the skin, blood vessels, epithelial and connective tissue
throughout the body. Although zinc is an essential requirement for good health, excess
zinc can be harmful excessive absorption of zinc suppresses copper and iron
absorption. Acute adverse effects of high zinc intake include nausea, vomiting, loss of
appetite, abdominal cramps, diarrhea, and headaches [31]. Impairment of zinc
homeostasis is also associated with cardiac diseases such as ischemic
cardiomyopathy [32], atherosclerosis [33], and ischemia/reperfusion injury [34].

CONCLUSION

It is concluded through the study carried out, that oysters Crassostrea rhizophorae
from the MMELC, Marechal Deodoro / AL estuaries and the Meirim River estuary in
Macei6 / AL presented concentrations of all the metals studied, which demonstrates its
accumulating and bioindicator character.

It was observed that Zn and Cd presented results above Brazilian legislation
regarding contaminants, noting that both environments are contaminated. In addition,
there was a variation in the concentrations Cu and Zn in the comparison between the
rainy and dry periods.

Finally, it is suggested that biomonitoring studies be periodically carried out aiming
at preservation, conservation and recovery actions, as well as subsidizing studies
related to the risk to human health. Although Brazil has more than 26,000 km2 of
mangrove areas, studies in these ecosystems are still scarce.
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