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Sediment coreswere taken from themangroves of the Coreaú River estuary off the northeast coast of Brazil. They
were analyzed for grain size, CaCO3, organicmatter, and tracemetal (Cd, Pb, Zn, Cu, Al, and Fe) contents.Mud tex-
ture was the predominant texture. Levels of trace metals in surface sediments indicated strong influence of an-
thropogenic processes, and diagenetic processes controlled the trace metal enrichment of core sediments of
this estuary. The positive relationships between trace metals and Al and Fe indicate that Cu, Zn, Pb, and Cd con-
centrations are associated mainly with Al and Fe oxy-hydroxides and have natural sources.

© 2015 Elsevier Ltd. All rights reserved.
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Steadily increasing use of coastal areas for human activities has in-
creased deposition of trace metals in soils and sediments in coastal
and estuarine regions. Mangrove forests are ecosystems that act as bio-
geochemical barriers in the continent–ocean interface, retaining metal-
lic contaminants in their sediments, as shown by several studies in
tropical and subtropical regions (Alongi et al. 2004; Harbison 1986;
Lacerda et al. 1991). It is important, however, to consider the geochem-
ical behaviors of these metals, which may favor retention or release by
the solid phase of sediments to coastal waters. Furthermore, the
spatio-temporal variability of their input and the sediment composition
can influence the distribution of tracemetals (Machado et al. 2002; Silva
et al. 2003; TamandWong 1995). Tracemetals reach estuarine environ-
ments in association with particulate material suspended and/or dis-
solved in the water column of river systems and through atmospheric
deposition (Lacerda and Solomons 1998). The deposition and accumu-
lation of trace metals in mangroves are enhanced by the characteristics
uação em Ciências Marinhas
of these regions, resulting in high concentrations of these elements,
even in areas where no significant sources occur (Salomão et al. 2001).

Variations in sediment cores reflect the geochemical history of a given
region, including any anthropogenic impacts (Szefer and Skwarzec
1988). Diagenetic reactions are important near the sediment–water in-
terface; they are causedby redox changes andaffectmetal concentrations
in vertical sediment profiles (Santschi et al. 1990; Shaw et al. 1990).

This study examined the geochemistry of mangrove sediments in
the Coreaú River estuary in order to assess the enrichment and possible
sources of trace metals. The Coreaú River estuary lies on the Camocim
municipal area in the Ceará State, Brazil (Fig. 1). There are approximate-
ly 35.3 km2 of mangrove forests, and it is considered to be the second
largest mangrove area in Ceará (Rodrigues and Souza Filho 2011).

The cores were taken with a half-open iron bar and with a Merkt/Streif
piston corer (Merkt andStreif 1970). The sediment cores (T-1 andT-2)were
240 cm and 315 cm deep, respectively. Samples were taken at 20 cm inter-
vals, resulting in 13 and 17 sub-samples in T-1 and T-2, respectively.

The grain sizes of the sediments were classified as gravel, sand, and
mud (silt + clay), according to Suguio (1973). Calcium carbonate
(CaCO3) was measured with a modified Bernard calcimeter (Lamas



Fig. 1. Study area and core sample locations (T-1 and T-2) of estuary of Coreaú River, NE coast of Brazil.

207B. Miola et al. / Marine Pollution Bulletin 102 (2016) 206–209
et al. 2005). The organic matter (OM)was determined using themethod
of Loring and Rantala (1992). The concentrations of following elements
were measured: Cu, Al, Pb, Zn, and Fe. Trace metals were quantified by
Atomic Emission Spectrometry with Induced Plasma (ICP OES) using
the ICP-OES Vista MPX Model. Analysis was performed at the INNOLAB
Brazil Ltda Laboratory, Rio de Janeiro. The results were expressed as
mg·kg−1 dry sediment.

Textural data of T-1 and T-2 are presented as the percent composi-
tion of mud (Table 1). The sediments were predominantly silt and
clay. T-1 showed low percentages of mud in the top layers (28.2%).
There was a decrease in mud fraction (20 cm, 93.7%; 40 cm, 84%) to-
wards the bottom of the core (220 cm, 10%).
Table 1
Vertical distribution of mud (silt + clay) in core samples (T-1 and T-2) from the Coreaú
River estuary, NE coast of Brazil.

Depth (cm) T-1 mud (%) T-2 mud (%)

0 28.2 63.05
20 93.7 78.2
40
60

84
24.1

98.8
98.5

80
100

22.3
23.3

97.6
98.82

120
140

48.5
49.8

98.5
97

160
180

45.9
45.6

43.5
76.5

200 41.4 78.3
220 10.0 92.8
240 34.8 45
260 – 38.2
280 – 45.3
300 – 29.5
315 – 51.7
Average 42.4 72.4
The mud fractions in T-2 reached up to 99%. There was a decrease
in mud fraction from 240 to 280 cm. At these depths, the sediment
contained high concentrations of gravel, represented by the shell
fragments.

T-2 was located near a shrimp farm that releases effluent directly
into a channel of the Coreaú River estuary. This fact may be responsible
Fig. 2.Vertical profiles of CaCO3 and organicmatter in sediments cores (T-1 and T-2) of the
Coreaú River estuary, NE coast of Brazil.



Fig. 3. Vertical profiles of trace metals (Al, Fe, Zn, Cu, Pb, and Cd) in sediment cores (T-1
and T-2) of the Coreaú River estuary, NE coast of Brazil.
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for the high mud content of the core samples. According to Godoy
(2011), shrimp farms act as large pools of sedimentation because of
the water renewal process; the amount of suspended sediment mea-
sured at the output of the tanks is less than the amount measured at
the input.

The CaCO3 concentration in the sediments varied from 7.2 to 13.3%
in T-1 and 7.3 to 27.1% in T-02 (Fig. 2). The highest concentrations of
CaCO3 were observed in T-2 (220 cm; 27.1%), where there was a high
concentration of gravel. The highest CaCO3 levels were primarily of bio-
genic origin, resulting from the accumulation of bivalve shell fragments
with high levels of carbonates.

The OM ranged from1.82 to 3.6% in T-1 and 2.45 to 5.3% in T-2 (Fig. 2).
Particle size directly influenced the OMcontent of sediments. Thiswas ob-
served in T-2 as OMdecreased from 240 (4.7%) to 315 cm (2.6%); this was
associated with decreasing levels of fine sediments in this depth range.

The OM values in the sediments of the Coreaú River estuary were on
the same order of magnitude as those noted by Aguiar (2005): from
0.64 to 3.96% in estuary sediments of the Ceará River and 0.86 to
5.23% in the Pacoti River estuary, northeast of Brazil.

Al and Fe had the highest amongmetals concentrations in T-1 and T-
2 (Fig. 3). According to Sageman (2005), the association of trace metals
with Al and Fe in estuarine sediment indicates the presence of silicate
minerals of terrestrial origin or allochthonous origin (e.g., biotite) gen-
erated by leaching or soil erosion.

The concentration of Fe decreased from the surface, suggesting dia-
genetic enrichment in which the oxy-hydroxides of Fe are partially dis-
solved in the lower sediment layers. This produces Fe2+, which
migrates upward in the sediment column and precipitates near the
oxic–suboxic interface (Froelich et al. 1979; Skei and Paus 1979;
Santschi et al. 1990; Shaw et al. 1990). The above inference can be sup-
ported by high values of Fe in the surface (34.418 mg·kg−1) and de-
creased levels at 20 cm (30.922 mg·kg−1) in T-2.

Diagenetic enrichment of Fe in T-1 was noted between 40 cm
(49.512 mg·kg−1) and 60 cm (10.829 mg·kg−1), at which point the
concentration started decreasing. This situation also occurred with Al,
which had high concentrations at 40 cm (107.103 mg·kg−1) and a de-
creased below 60 cm (19.819 mg·kg−1).

The concentrations of Fe and Al found in the surface layers in T-2
(Al: 60.074 mg·kg−1and Fe: 34.418 mg·kg−1) showed higher levels
than T-1 (Al: 17.110 mg·kg−1and Fe: 10.326 mg·kg−1), which indi-
cates different retention times of these metals in surface sediments
between the two sediment cores.

In T-2, therewas an increase in the concentration of Fe at the bottom
of the core (16.283 mg·kg−1 at 240 cm to 49.089 mg·kg−1 at 315 cm).

At the surface of the sediment cores, Cu, Zn, Pb, and Cd showed
higher values in T-2 than T-1 (Fig. 3). In T-1, the analyzed metals had
highest values at 40 cm (Cu: 12.5 mg·kg−1; Pb: 19 mg·kg−1;
Zn:64mg·kg−1, and Cd: 1.1 mg·kg−1) as did Fe and Al, suggesting dia-
genetic enrichment. This hypothesis is well supported because there
were decreased levels of metals at 60 cm (Cu: 2.8 mg·kg−1; Pb:
3 mg·kg−1; Zn: 16 mg·kg−1, and Cd: 0.3 mg·kg−1).

Values of Cu ranged from 1.8 to 11.1 mg·kg−1 in T-1; high concen-
trations were observed in T-2 (6.3 to 23 mg·kg−1). Lacerda et al.
(2004) measured Cu concentrations in estuarine sediments and ob-
served values of 9.1, 0.7, and 15.3 mg·kg−1 in the Jaguaribe, Curimataú,
and Açu River estuaries, respectively.

The Pb and Zn values in T-2 (Zn: 22 to 72 mg·kg−1; Pb: 3 to
14 mg·kg−1) were higher than T-1 (Zn: 6 to 40 mg·kg−1; Pb: 2 to
19 mg·kg−1). Zn concentrations reported by Aguiar (2005) were 0.40
to 7.0 mg·kg−1 and 1.8 to 12.64 mg·kg−1 in the mangroves of the
Ceará and Pacoti Rivers, respectively. These values were less than the
values obtained in this study, but similar values (9.4 to 50.1 mg·kg−1)
were found in the Jaguaribe River estuary by Lacerda et al. (2004).

Torres (2009) found similar values of Pb (1.7 to 17.8 mg·kg−1) in
sediments of the Jaguaribe River estuary but lower values in the Pacoti
River estuary (1.7 to 6.4 mg estuary kg−1).



Table 2
Correlation coefficientmatrix of tracemetals in sediment cores (T-1 and T-2) of the Coreaú
river estuary, NE coast of Brazil.

Mud O.M. CaCO3 Al Cd Pb Cu Fe Zn

T-1 (number of samples = 13)
Mud 1
O.M. 0.41 1
CaCO3 0.03 −0.08 1
Al 0.54 0.59 0.68 1
Cd 0.55 0.52 0.49 0.80 1
Pb 0.50 0.58 −0.68 0.96 0.84 1
Cu 0.63 0.67 −0.55 0.93 0.93 0.90 1
Fe 0.59 0.67 −0.39 0.77 0.95 0.78 0.93 1
Zn 0.66 0.66 −0.25 0.66 0.87 0.62 0.88 0.93 1

T02 (number of samples = 17)
Mud 1
O.M. 0.50 1
CaCO3 0.56 0.40 1
Al 0.69 0.48 0.31 1
Cd −0.01 −0.45 −0.09 0.50 1
Pb 0.69 0.07 0.21 0.69 0.61 1
Cu −0.03 0.005 0.08 0.48 0.80 0.50 1
Fe 0.01 −0.25 0.01 0.43 0.92 0.62 0.93 1
Zn 0.69 0.51 0.31 0.93 0.36 0.75 0.55 0.45 1

Note: Significant values are marked in bold (p b 0.05).
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Cd concentrations in the sediments of the Coreaú River estuarywere
below the detection limit (DL) of the apparatus (1.2 mg·kg−1). Cd
concentrations in T-2 (0.3 to 1.2 mg·kg−1) were higher than T-1
(bDL to 1.1 mg·kg−1).

In T-2, Zn, Cu, Pb, and Cd concentrations increased at the bottom of
the sediment core, as did the Fe concentration. This fact is probably
due to the strong association of these metals with the Fe oxy-
hydroxides (Machado et al. 2002). This indicates digenetic enrichment
controlled by the redox cycle of Fe, which is related to anthropogenic
input.

Statistical correlation analyses were performed in order to under-
stand the behavior of and identify the main sources of Cu, Pb, Zn, and
Cd in mangrove forests in the Camocim area (Table 2).

In T-1, metal levels indicated significant correlation to geochemical
carriers except CaCO3. The correlation matrix for T-1 demonstrated a
positive correlation between OM and trace metals, suggesting possible
organometallic complexation reactions. Significant positive correlations
of Al and mud with the trace metals in T-1 also suggest an association
with the sedimentary matrix.

The results of geochemical correlation for T-2 (Table 2) show that
only Pb (r = 0.70) and Zn (r = 0.93) had significant correlation with
Al. Positive correlations between Zn and Pb (r = 0.75), suggested that
they had the same origin and were mostly from natural sources.

Therewas a positive correlation between Fe and Cd (r=0.94), Pb (r=
0.62), and Cu (r = 0.92). Cd had a significant positive correlation with Cu
(r = 0.82) and Pb (r = 0.61), suggesting that these metals have the same
origin. Both Cu and Cd had no significant correlationwith Al (Cu: r=0.48;
Cd: r=0.35) andhadnegative correlationswithmud (Cu: r=−0.03; Cd:
r =−0.01) suggesting that these metals had an anthropogenic source.

The overall analysis of sedimentary profiles led to the conclusion
that the contributions of Cd, Cu, Pb, and Zn were higher in T-2 than T-
1, mainly in the surface layers. This indicates a greater input of metals
in T-2, possibly due to anthropogenic activities in Coreaú River estuary.

The geochemical correlations in T-2 indicated that Zn and Pb were
from lithogenic origin and that Cd and Cumay have originated from an-
thropogenic sources to the estuary. In T-1, tracemetals had source asso-
ciated with the sedimentary matrix in the area.

The grain size analysis also indicated the influence of shrimp farms
located in the estuary. The highest levels of mud were measured in T-
2. The data presented here justifies the need for detailed research and
suggests that it is necessary to have authorities monitor metal accumu-
lation in sediments of the Coreaú River estuary in Camocim.
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