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Abstract 
The aim of this study is to describe the sedimentary evolution occurred during 
the last 200-years in the middle Capibaribe Estuary by mean of the sedimentary 
analysis (magnetic susceptibility, grain size, calcium carbonate, total organic 
matter—TOM) and geochemical parameters (sedimentation rates, heavy met-
al concentrations, enrichment and contamination factor) along a core. The 
core recorded four units and the measured sedimentation rate was 0.52 cm 
cm∙y−1. The first unit, dating before 1812, showed environmental characteris-
tics of mangrove with predominance of fine sediments, high total organic 
matter percentages and heavy metal concentrations probably from natural 
sources. The second unit, from 1812 to 1937, showed a slight increase in sand 
percentages and decrease in fine fraction, TOM contents and heavy metals 
concentrations. These characteristics may be associated with the urban expan-
sion processes and the presence of monoculture of sugar cane occurred in the 
middle Capibaribe Estuary. The third unit, from 1937 to 2004, showed the 
highest sand percentages of the core, characterizing a unit exclusively of sand 
with low fine fractions percentages, total organic matter contents and heavy 
metals concentrations. This unit represented the intensification of the urban 
processes expansion of Recife City. The fourth unit showed increases in fine 
fraction sedimentation, TOM contents and heavy metals concentrations. This 
new change in sedimentation probably is consequence of rebirth of marginal 
estuarine banks by mangrove vegetation, due to environmental projects car-
ried out by Recife Prefecture in the early 2000’s. It was not possible to register 
the anthropic contamination to middle estuary area probably due to the Bar-
reiras Formation influences in the metal concentration records, masking the 
anthropic contamination inputs in estuarine region. Although, lead and ar-
senic showing an enrichment level indicating anthropic contamination. 
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1. Introduction 

The estuaries are transition areas between continental and ocean interface and 
they are important environments in comprehension of the coastal areas devel-
opment and prevision of future evolving tendencies [1]. The sediments deposits 
are important because it could preserve the history of sedimentation in coastal 
environments [2]. Estuarine sedimentation is a consequence of many conditions, 
such as the sediment source that may be from the river or marine origin [3] [4] 
[5]. The estuarine regions show a rich fauna and flora and these are important 
sources of natural resources, and around these estuarine areas located are, in 
general, in larger cities and industrial complexes [1]. 

Historically, the coastal areas are attractive to human settlements, and these 
form huge metropolises, that grew in disorderly way [6]. The urban and indus-
trial development adjacent to estuarine areas may cause environmental imbal-
ance, changing the water column chemical proprieties, sedimentation patterns, 
mangrove deforestation and typical forest areas, landfill of flood areas to urban 
expansion, building of dams, contamination of heavy metals and others [7]. The 
studies with sedimentary columns are used to comprehension the environmental 
evolution in coastal areas. These sedimentary cores may provide historical 
records of sedimentation patterns in coastal systems, indicating the natural base-
lines and changes caused by anthropic modifications during the time [8] [9]. 

Some parameters are employed to understand the environmental evolution 
such as sedimentological parameters as grain size, organic matter and calcium 
carbonate contents in coastal environments, that provide important information 
for paleoenvironmental reconstructions and may register the historical of the 
local and regional climatic changes [10]. Variations in magnetic susceptibility 
have been used for detecting anthropogenic pollution caused by power plants, 
metallurgical dusts, fly-ashes and urban airborne particulates [11] [12] [13] and 
heavy metal concentration is employing to identify natural or anthropic sources 
and contamination levels [14]-[19]. Finally, the use of radionuclides in coastal 
environments as sediment tracers offers considerable potential for determining 
sediment sources and sedimentation rates in drainage basins [20]. 

The sedimentary characteristics in cores may be associated with the develop-
ment of the urban processes. Anthropic changes around the river, estuary or 
beach are responsible for a natural imbalance of the coastal systems as well as the 
interference in transport of sediments and organism cycles [1]. The anthropic 
induced changes occur in Capibaribe Estuary (8˚S/35˚W) since the start of colo-
nization processes as such as coastline modification, dredging and landfill activi-
ties [21]. Currently, this estuary is being polluted by different sources as well as 
fish and shrimp farming areas, discharge of industrial and domestic wastes and 
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sewage [22] [23]. In this way, the aim of this study is to describe the sedimentary 
evolution occurred in the middle Capibaribe Estuary by mean of the sedimenta-
ry analysis and geochemical parameters along a sedimentary core, associating 
with the anthropic change occurred in the estuarine system and infer the back-
ground metal values.  

2. Material and Methods 
2.1. Study Area 

The Capibaribe Estuary is located in Recife City (8˚S/ 35˚W), Pernambuco State 
(Northeastern Brazil). It is formed by the Capibaribe, Tejipió/Jiquiá, Jordão, Pi-
na and Beberibe rivers. The Capibaribe Estuary has an important ecological 
function, serving as a reproduction area for mammals, birds, fishes and other 
organisms and also is the economic and social pole for the Recife Metropolitan 
Region (RMR) [22] (Figure 1). 

The Capibaribe River present 250 km of extension, from its source in Jararacá 
mountain chain to its mouth, draining 43 municipalities [24] [25], with a drai- 

 

 
Figure 1. Location map of the Capibaribe Estuary and the sedimentary core. 
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nage basin of approximately 7.700 km2. The river flow on crystalline rocks, and 
the tertiary and quaternary sediments being drained only in the Capibaribe River 
lower sector. Tertiary sediments are composed by fluvial sandy deposits, inter-
calated with muddy sediments. Quaternary sediments form the coastal plain, 
corresponding to estuarine and shallow marine sediments; fluvial sediments are 
presents along river margins [26]. The estuary is shallow (<10 m depth). 

The climate of the RMR is characterized as humid and warm tropical, As’ type 
according to Köppen classification, with higher rainfall periods between March 
and August and dry periods between September and February. The average 
rainfall is of 2200 mm∙y−1 and air annual temperature average of 25.2˚C [26]. 

The RMR houses 3.7 millions of inhabitants, being approximately 1.5 million 
in Recife City and, from this number, about 218,000 inhabitants living in the 
middle Capibaribe Estuary. Recife City has a density population of about 7000 
inhabitants/km2 [27]. The surrounding margins of the Capibaribe River present 
small and degraded mangroves and the Pina Basin houses an extensive man-
grove area, with approximately 20 km2, called Mangrove Park with registered 
Rizhophora mangle, Laguncularia racemosa, Avicennia germinans e Avicennia 
schaueriana specimens. Despite its environmental importance, the Mangrove Park 
is being affected by real estate pressure, pollution and disorderly occupation [23]. 
This collection of characteristics define the goal of the present research, study the 
estuarine sedimentary evolution in a densely urbanized tropical area. 

According to [24] and [28] the grain size of surface sediments varies from silt 
to gravelly sand, with a prevalence of fine sediments and sands for all Capibaribe 
Estuarine System. However, in the middle estuary the authors observed a little 
change in type of sedimentation with fine fraction predominance. Concerning 
temporal variations, there is a slight tendency of increasing clays during periods 
of higher rainfall [28]. 

2.2. Methods 

A 178-cm deep core was collected in 27th November 2012, with the aid of a 
push-core operated by a scuba diving at the coordinates of 8˚02'22.56"S and 
34˚55'27.12"W, 0.5 m of water column in a marginal bank. After the core recov-
ery, it was analyzed for magnetic susceptibility in a Bartington MS2C meter. The 
measurements were made with a 0.1 × 10−5 S.I. resolution and readings were 
taken at 2 cm intervals [13]. After that, he core was opened, described and con-
tinuously sub-sampled at intervals of 2 cm. Samples were dried at 50˚C in order to 
be analyzed for grain size, organic matter and calcium carbonate contents, metal 
concentrations and determination of sedimentation rates by 210Pbxs activity. 

Total calcium carbonate and organic matter were determined according the 
methods proposed by [29]. The calcium carbonate was determined by weight 
difference of the sediment prior and after addition of hydrochloric acid (10%). 
The total organic matter was determined also by weight difference prior and af-
ter addition of hydrogen peroxide (10%), until total reaction. Both results are 
presented as percentages of the bulk sample. 
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Grain size was determined in a Malvern Mastersizer 2000 laser sedimentome-
ter, after calcium carbonate and organic matter removal of samples. Results al-
lowed the determination of the grain size statistical parameters proposed by [30] 
and sediment classification by [31], by mean of the Sysgran 3.0 software [32]. 

The sedimentation rate result followed radionuclide 210Pb determination me-
thod described by Saito et al. (2001), that is based in 210Pb half-live decay (t1/2 = 
22.3 years) [34]. The sedimentation rate value was calculated by CIC model 
(Constant Initial Concentration) [35]. A maximum time span of 200 years was 
considered for the age determinations [36]. 

The metal concentrations were obtained by energy dispersive X-ray fluores-
cence (EDXRF). The method is a multi-elementary analysis that it is based in ex-
citing of chemical element atoms of samples; the values of element concentra-
tions were calculated according dispersion, detection and mensuration these 
X-rays [37]. For metal analysis in sedimentary samples were used proximally 1 g 
of sediment in polyethylene tubes and were sealed with polyethylene film for 
EDXRF analysis. The results were measured in equipment ED-720 (Shimadzu) 
with rhodium X-ray tube and Si (Li) detector for characteristic element quanti-
fications. For methodology certification was utilization two reference samples of 
National Institute of Standard and Technology (NIST) and of International 
Energy Atomic Agency (IAEA), SRM2709 San Joaquin Soil and IAEA-Soil7 re-
spectively (Table 1). These soil reference were analyzed together the environ-
ment sediments and at time of 300 seconds. Cu, Co, Fe, Ga, La, Mn, Ni, Pb, Rb, 
Sr, Ti, V and Zn elements were used Mo filter and voltage adjusted at 50 kV and 
Al, Ca, K, and Si elements were measured with Al filter and voltage of 15 kV. 
The values are obtained and certified for the chemical elements and its respec-
tive expanded analytical uncertainties (95% of confidence) for energy dispersive 
X-ray fluorescence (EDXRF). 

To identify the anomalies and evolution of the heavy concentrations, geoche-
mistry standardizations by conservative element were used as tool, to evaluate 
the level of the anthropogenic contamination [38] [39]. There are two ap-
proaches to normalization of metals in sediment, the granulometric and geo-
chemical methods [40]. The geochemical normalization is necessary standar-
dized with alithogenic conservative element [41] [42]. Usually, Aluminum is 
used as lithogenic conservative element because it is a major constituent of 
fine-grained alumiosilicates [40] and its concentration is generally not influ-
enced by anthropogenic sources [41] [43]. 

There are some types of geochemical normalization such as Al-normalized, 
enrichment factor, geochemical index and contamination factor. In this study 
will be performed enrichment factor (EF) and contamination factor (CF), and 
the indexes are based in the trace element concentration in base core, the Earth’s 
background or the metal analysis reference value.  

According to [44], the enrichment factor (EF) is defined as follows Equation 
(1): 

( ) ( )sample backgroundEF C Al C Al=                  (1) 
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Table 1. Information Value (I.V) and Confidence Interval (C.I) for reference samples 
SRM 2709 and IAEA Soil 7 (mg∙kg−1). 

 SRM 2709 IAEA Soil 7 

Element I.V C.I I.V C.I 

Al 2.6* 2.0 - 3.1* 47,000 44,000 - 5100 

As <20 - 13.4 12.5 - 14.5 

Ba 398 392 - 400 159 131 - 196 

Br - - 7 3 - 10 

Ca 1.5* 1.4 - 1.7* 163,000 157,000 - 174,000 

Co 12 10 - 15 1.3 8.4 - 10.1 

Cu 32 26 - 40 11 9 - 13 

Fe 3.0* 2.5 - 3.3 25,700 25,200 - 26,300 

Ga - - 10 9 - 13 
K 0.32* 0.26 - 0.37 12,100 11,300 - 12,700 
La - - 28 27 - 29 
Mg 1.4* 1.2 - 1.5* 11,300 11,000 - 11,800 
Mn 470 360 - 600 631 604 - 650 
Ni 78 65 - 90 26 21 - 37 
P 0.07* 0.05 - 0.07* 460 460 - 462 

Pb 13 12 - 18 60 55 - 71 
Rb - - 51 47 - 56 
Si <0.01* - 180,000 169,000 - 201,000 
Sr 101 100 - 112 108 103 - 114 
Ti 0.038* 0.03 - 0.04* 3000 2600 - 3700 
V 62 51 - 70 66 59 - 73 
Zn 100 87 - 120 104 101 - 113 

*concentration values in percentages 
 

where Csample is the trace element concentration in the sample, Cbackgroung is the 
trace element concentration in base core, Alsampe is the aluminum content in the 
sample, and Albackground is the aluminum content in base core. The EF values were 
interpreted as the levels of metal pollution as suggested by [45] where EF < 1 in-
dicates no enrichment, <3 is minor, 3 - 5 is moderate, 5 - 10 is moderately se-
vere, 10 - 25 is severe, 25 - 50 is very severe and >50 is extremely severe. 

The contamination level in sediments by metal is expressed in terms of a con-
tamination factor (CF). According [46] theses values are calculated as follows 
Equation (2): 

metal BackgroungCF C C=                       (2) 

where, Cmetal is metal concentration in sample and Cbackground is the Earth’s back-
ground or reference value of the metal analysis. The CF value is divided into four 
classes: CF < 1 refers to low contamination; 1 ≤ CF < 3 means moderate conta-
mination; 3 ≤ CF ≤ 6 indicates considerable contamination and CF > 6 indicates 
very high contamination [47]. 

3. Results 

The sedimentation rate for the core was 0.52 cm∙y−1, and according to the sedi-
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mentary and geochemistry characteristics were recorded four units. The first 
unit (106 - 178 cm) refers to period before at 1812, this unit shows mean mag-
netic susceptibility values of 22.5 × 10−5 SI, grain size varied from fine silt to very 
fine sand with predominance of coarse silt, low sand percentages (average 
43.6%) and high silt and clay percentages (averages of 47.0% and 9.4%, respec-
tively). The calcium carbonate percentages and TOM contents showed higher 
percentages with average of 11.8% and 8.5%, respectively, although the samples 
are siliciclastic [48]. The Mn, Fe, Co, Ni, Cu and Ga elements show low concen-
trations and Zn, Pb, Ti, V, Mg and Al high contents, when compared with back-
ground values of [49] (Table 2). 

The Unit 2 (42 - 106 cm), refers to the period from 1812 to 1937, shows aver-
age MS values are 23.0 × 10−5 SI. This interval is represented by sandy characte-
ristics, grain size varying from medium silt to very fine sand with very fine sand 
predominance. This unit registered a slightly increase in sand percentages (av-
erage of 61.6%) and light decrease in silt and clay percentages (averages of 31.7% 
and 6.8%, respectively) when compared with the Unit 1. The calcium carbonate 
percentages and TOM contents show averages of 10.7% and 8.7%, respectively.  

 
Table 2. Average concentrations of parameters analyzed to core of middle Capibaribe 
Estuary. SM: Susceptibility Magnetic; CaCO3: Calcium Carbonate; TOM: Total Organic 
Matter. 

 
Unit 1 Unit 2 Unit 3 Unit 4 

Turekian & Wede-
pohl (1961) [49] 

MS** 22.5 ± 4.6 23.0 ± 3.0 28.5 ± 3.6 12.5 ± 2.5 - 

CaCO3* 11.8 ± 3.7 10.7 ± 2.4 6.9 ± 2.9 9.9 ± 2.1 - 

TOM* 8.5 ± 3.2 8.7 ± 2.4 6.6 ± 2.9 7.1 ± 0.6 - 

Sand* 43.6 ± 15.6 61.6 ± 10.4 86.5 ± 6.8 48.1 ± 3.8 - 

Silt* 47.0 ± 12.5 31.7 ± 8.4 11.4 ± 5.8 45.4 ± 4.2 - 

Clay* 9.4 ± 3.7 6.8 ± 2.4 2.1 ± 1.0 6.5 ± 0.3 - 

Mn 438.4 ± 100.3 349.4 ± 35.8 320.7 ± 50.9 313.7 ± 18.0 850 

Fe* 3.9 ± 0.7 3.8 ± 0.5 2.8 ± 0.6 3.1 ± 0.4 4.7 

Co 15.8 ± 2.9 16.7 ± 2.8 11.7 ± 2.4 13.1 ± 2.3 19 

Ni 28.9 ± 3.6 23.1 ± 2.4 19.6 ± 2.6 277.2 ± 260.1 68 

Cu 50.8 ± 9.1 29.9 ± 14.2 22.9 ± 9.8 36.8 ± 22.0 45 

Zn 157.0 ± 33.0 156.9 ± 27.2 116.7 ± 28.6 138.7 ± 22.2 95 

Ga 10.9 ± 1.0 10.8 ± 0.6 9.5 ± 0.7 9.7 ± 0.4 19 

As 288.4 ± 74.4 224.6 ± 33.4 118.8 ± 44.5 120.6 ± 15.3 13 

Pb 90.1 ± 18.1 74.5 ± 9.0 49.2 ± 10.7 48.9 ± 2.3 20 

Ti 4685.0 ± 398.7 4770.7 ± 305.6 4264.3 ± 326.2 4257.4 ± 176.3 4600 

V 290.4 ± 24.7 298.1 ± 24.0 267.4 ± 29.3 255.0 ± 21.6 130 

Mg* 0.7 ± 1.1 0.6 ± 0.1 0.5 ± 0.1 0.5 ± 0.1 1.5 

Al* 10.8 ± 1.5 11.1 ± 0.6 8.9 ± 1.3 8.8 ± 0.1 8.0 

*values in percentage; other elements in mg∙kg−1; **10−5 S.I. 
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The Unit 2 showed the same patterns in heavy metal concentration of the Unit 1, 
when compared with background values of [49] (see Table 2). 

The Unit 3 (4 - 42 cm), refers to the period from 1937 to 2004, shows average 
MS values of 28.5 × 10−5 SI. This interval presents sandy characteristics, however 
is slightly different from Unit 2, mainly due to the mean diameter. This unit 
showed grain size varying from very fine sand to medium sand with predomin-
ance of fine sand. Sand, silt and clay percentages records averages of 86.5%, 
11.4% and 2.1%, respectively. The calcium carbonate percentages and TOM 
contents show averages of 6.9% and 6.6% respectively. The heavy metal concen-
tration showed lower levels, when compared with Units 1 and 2. However, the 
Zinc, Arsenic and Aluminum concentrations show indexes above the back-
ground values from [49] (see Table 2). 

Lastly, the Unit 4 (0 - 4 cm), refers to the period from 2004 to 2012, showing 
the lowest averages of MS values of units with 12.5 × 10−5 SI. This unit presents a 
silty character, with grain size classified as coarse silt. This unit shows sand, silt 
and clay percentages averages of 48%, 45% and 6%, respectively. The calcium 
carbonate percentages and TOM contents record averages of 10% and 7%, re-
spectively. This unit show a lightly decrease in heavy metal concentration when 
compared with Unit 1, showing concentrations below of [49] (see Table 2). 

The vertical variation records MS, TOM, calcium carbonate, sand, silt and clay 
percentage and heavy metal concentration peaks along of core are represented by 
the Figure 2 and Figure 3. 

The enrichment factor (EF) [44] shows no enrichment values to Mn, Fe, Co, 
Ni, Cu, Ga, Ti, Mg with EF < 1. Zn, Pb and V show values of lower enrichment 
with EF < 3, and As shows a moderate to moderately severe enrichment factor 
values, with higher enrichment (5 < EF < 25) (Figure 4). 

The contamination factor [46] values show lower contamination to Mn, Fe, 
Co, Cu, Ga with CF < 1. Ni, Zn, Ti, V and Al show moderately contamination 
with 1 ≤ CF ≤ 3. The Pb and As show considerable contamination (3 ≤ CF ≤ 6) 
and higher one (CF > 6), respectively (Figure 5). 

4. Discussion 

The sedimentary characteristics in cores may be associated with the develop-
ment of the urban processes. Anthropic changes around the river, estuary or 
beach are responsible for a natural imbalance of the coastal systems as well as the 
interference in transport of sediments and organism cycles [1]. The units regis-
tered in the core demonstrate influences of different events in sedimentation 
patterns to middle Capibaribe Estuary. 

The Unit 1 recorded the finer sedimentation, TOM and metals, with some 
peaks of sandy sedimentation at 130, 134 and 142 cm of the core-deep. This unit 
shows probably the estuarine mangrove environment characteristics, with varia-
tion in the hydrodynamic energy represented by the sand peaks. Other evidence 
that corresponds the mangrove environment is associated with high TOM con-
tents (from 2.1% to 15.6%) [50] [51]. Calcium carbonate peaks registered in this  
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Figure 2. Vertical variation [31] facies diagram classification, mean diameter, magnetic susceptibility, calcium carbo-
nate and total organic matter contents. 
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Figure 3. Vertical variation of metal concentrations in sedimentary core. 
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Figure 4. Vertical variation of enrichment factor (EF) of the sedimentary core. 

 

 
Figure 5. Vertical variation of contaminantion factor (CF) of the sedimentary core. 

524 



R. Lima Barcellos et al. 
 

unit may be associated with high productivity of organisms with carbonate shells 
present in mangroves [52] [53]. Probably, the metal concentration values are 
from natural sources, associated with the local/regional inputs from the Barrei-
ras Formation [54] [55] [56] [57]. 

According to [58], the Poço da Panela, the neighborhood area located in the 
middle estuary, was a small village founded in 1758 and its accesses to village 
were made in tracks inside the Atlantic forest. The urban development in the 
Poço da Panela started 1812, with open of streets and hills. In this time, take riv-
er bath was the medical recommendation to cure of diseases, and the Poço da 
Panela was chosen as a local exclusive for high society of Recife. 

Surrounding the middle Capibaribe Estuary, there were big farms of sugar 
cane plantation as Casa Forte and Madalena mills. The monoculture of sugar 
cane was the main economy product of the colonial Pernambuco province [59] 
[60]. Because of medical recommendation, the urbanization processes of Poço da 
Panela was intensified by the building of summer houses at margins of Capibaribe 
River, changing urban space in this estuary area as registered in the Unit 2. 

The increasing in sand percentages and decreasing in silt and clay contents is 
associated in Unit 2 probably are related with mangrove deforestation specifi-
cally in the margins of Capibaribe River caused by the urban expansion of Recife 
City westward. Furthermore, mangrove deforestation associated to the sugar 
cane mills installations also may have been the greater contributor in the in-
crease of sand percentage. The monoculture of cane sugar was responsible by to 
deforest the majority part of Atlantic Forest located around of Capibarbe estu-
ary, facilitating the erosion and increasing the sediment transport from conti-
nental and margins to the river causing silting processes [61] [62]. The urban 
processes intensification occurred during 19th and 20th centuries, mainly with ar-
rival of Englishman and German, that were employees of the utility companies 
and preferred to live in this area [58] [59] (Figure 6). 

 

 
Figure 6. Poço da Panela Village in 1847. The Capibaribe River margins were without 
mangrove vegetation (Unknown Author). 
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In this unit (Unit 2) shows a decrease in averages of metal concentrations 
when compared with Unit 1 (see Table 2). Probably this is associated with 
greater the sand percentages in sedimentation and decrease in the clay percen-
tages [54] [63]. [64] affirms that clays adsorbs four times more organic matter 
and metals from sands, and two times more from silts. [56] also affirmed that 
increases in the metal concentrations are associated with high depositions of 
finer sediments or inputs in the metal concentrations of natural and/or anthrop-
ic sources. How Recife City shows a small industrialization processes, this peaks 
observed in Unit 2 are possibly inputs of natural material from Barreiras Sedi-
mentary formation present around of all estuarine area [21] [57]. 

The Unit 3 is essentially sandy and probably records the intensification of ur-
ban development of middle Capibaribe Estuary in mid-19th century. The increase 
of the buildings together with the population growth were responsible by the 
cause of the most changes in around the middle estuary, such as landfill of flood 
areas, the intensification of mangrove deforestation and canalization of some 
rivers that compound the hydrographic basin of Capibaribe River estuarine por-
tion [21] [58]. During the 19th century, the urbanization turns its back to the 
river, and thus, the Capibaribe River passed to be the city's dumping area, re-
ceiving all industries and domestics wastes [65] [66]. During this period the Re-
cife City did not show a development of industrial plants. Therefore, the de-
crease in metal concentrations recorded in Unit 3 may be associated the greater 
sedimentation of sand (averages of 86.5%) and decrease in silt and clay percen-
tages and TOM (11.4%, 2.1% and 6.6%, respectively). 

Other important fact is that the Recife’s prefecture made a reforestation 
project of mangrove vegetation in Capibaribe River margins at the mid-90s and 
in the early 20th century. In this period was registered an increase in mangrove 
vegetation of approximately 14.2 km2 (analyzing the period from 1999 to 2006) 
and 12.6 km2 (analyzing period from 1997 to 2007) according [67] [68] to mid-
dle Capibaribe Estuary, respectively. 

This project of Recife’s prefecture showed great results well as observed by 
[67] [68], being observed in sedimentary core of middle estuary represented by 
Unit 4. This unit showed increases in silt and clay percentages (averages of 
45.4% and 6.5%, respectively) when compared with unit 3, and a layer highly 
sandy (averages of 11.4% and 2.1%, respectively). In Unit 4, the increases in fine 
sedimentation are associated possibly with progradation of the mangrove areas 
located in margins of Capibaribe Estuary as well as the TOM contents increasing 
and metal concentrations (see Figure 2). 

According to the graphic of enrichment factor (EF) and contamination factor 
(CF), the majority of metals do not show high levels of enrichment and conta-
mination (Figure 5 and Figure 6). Only Pb and As showed enrichment and 
contamination levels. According [38] [45] [69], rich rocks in heavy metals in its 
composition may mask the enrichment and contamination level. In the case of 
Capibaribe Estuary, the Barreiras Formation is a greater contributor of metal 
source [57]. 
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[70] [71] [72] affirmed that the strong correlations between metals with Fe 
and/or Al possibly represent same metal source. In case of middle estuary, the 
metal concentrations to estuarine system may be from Barreiras Formation such 
as main source. The anthropic sources also may be registered in this metal con-
centrations, however this anthropic contribution do not show clearly along of 
sedimentary core. The correlation values between the metals demonstrated this 
same metal source for middle Capibaribe Estuary, confirming the Barreiras 
Formation influences in sedimentation (Table 3). 

[73] affirm that soils and rocks of Pernambuco State are composed by high 
concentrations of Arsenic in their composition. The strong correlations between 
As and Al (r > 0.7) indicate increases of natural metal concentrations, derived of 
erosion or lixiviation of Tertiary rocks, of the Barreiras Formation, that com-
pounds the low lands of the drainage system. 

Correlations between metals and calcium carbonate implies that it could be 
related to the origin of carbonate that it diagenetic. These formations occur in 
zones of shallow sub-bottom layers, presence of metabolizable organic matter, 
oxide and hydroxide (principally iron and manganese), oxygen and sulfate ions 
concentrations dissolved in pore water [74] [75] associated to the bacterial ac-
tion [76]. [16] [77] [78] affirm that the carbonate diagenetic formation may oc- 

 
Table 3. Pearson correlation values registered to all parameter analyzed to sedimentary core. 

 
MS CaCO3 TOM Sand Silt Clay Mn Fe Co Ni Cu Zn Ga As Pb Ti V Mg Al 

SM 1.0 
                  

CaCO3 −0.5 1.0 
                 

TOM −0.1 0.3 1.0 
                

Sand 0.4 −0.5 −0.3 1.0 
               

Silt −0.4 0.5 0.3 −1.0 1.0 
              

Clay −0.4 0.5 0.2 −0.9 0.9 1.0 
             

Mn 0.1 0.1 0.5 −0.4 0.4 0.3 1.0 
            

Fe −0.5 0.6 0.5 −0.6 0.6 0.6 0.4 1.0 
           

Co −0.4 0.6 0.4 −0.6 0.5 0.6 0.3 0.9 1.0 
          

Ni −0.3 0.1 0.0 −0.1 0.2 0.0 0.0 0.0 0.1 1.0 
         

Cu −0.1 0.1 0.1 −0.3 0.4 0.2 0.3 0.1 0.0 0.2 1.0 
        

Zn −0.6 0.6 0.4 −0.6 0.5 0.6 0.4 0.9 0.8 0.1 0.1 1.0 
       

Ga −0.5 0.6 0.4 −0.6 0.6 0.6 0.2 0.9 0.9 0.0 0.1 0.9 1.0 
      

As −0.5 0.6 0.4 −0.7 0.7 0.7 0.5 0.9 0.8 0.0 0.4 0.9 0.8 1.0 
     

Pb −0.5 0.5 0.4 −0.7 0.7 0.7 0.5 0.9 0.8 0.0 0.4 0.8 0.8 1.0 1.0 
    

Ti −0.4 0.6 0.4 −0.5 0.5 0.6 0.3 0.9 0.9 0.0 −0.1 0.8 0.9 0.7 0.7 1.0 
   

V −0.3 0.5 0.4 −0.4 0.4 0.5 0.3 0.9 0.8 0.0 0.0 0.8 0.9 0.7 0.7 0.9 1.0 
  

Mg 0.2 0.0 0.1 −0.3 0.3 0.2 0.5 0.0 0.0 −0.1 0.5 0.0 0.0 0.2 0.3 −0.1 0.0 1.0 
 

Al −0.4 0.5 0.3 −0.5 0.4 0.6 0.1 0.8 0.8 −0.1 0.0 0.7 0.9 0.7 0.7 0.9 0.8 0.1 1.0 

-bold values (p < 0.001; n = 87). 
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cur in any layer during sedimentation processes, depending of the available or-
ganic matter. This relation may be observed in correlation values between Iron 
and calcium carbonate and total organic matter (r = 0.6) (see Table 3). 

Arsenic and Lead enrichment in Brazilian coastal environments were reported 
in several works as [79]-[84]. High levels of As (i.e. above the nationally there-
shold of 70 mg.kg-1) were found in shelf, beach and nearshore sands, lagoon-
al/swamp and mangrove sediments of Espírito Santo, Bahia [80] [81], Rio de Ja-
neiro [82] and Rio Grande do Sul states [84]. A significant positive correlation 
between As and calcium carbonate (r=0.6) could indicate that the calcareous bi-
oclasts participate in metalloid retention and its accumulation in coastal sedi-
ments as observed by [81]. This affinity with carbonates added to the As inputs 
from: (a) the eroded material from continental rocks and sediments [80] local 
sources (Borborema Crystalline Complex and the Barreiras Group ferrous sand-
stones); (b) the groundwater aquifer [82]; (c) the atmospheric fallout [82], could 
implies in the high values observed in the studied core (> 120.0 mg.kg-1). Simi-
larly as observed for the Paraíba do Sul delta region [82] and Patos Lagoon estu-
arine sediments [84] the Arsenicis retained mainly by iron hidroxides in upper 
and probably by sulfides in lower layers due to diagenetic processes. In fact the 
high significant correlation of As with iron (r = 0.9) and Pb (1.0) reinforce the 
local enrichment from post depositional processes and atmospheric fallout, also 
indicated by the Pb enrichment, especially in the upper units of the core (1 and 
2). 

[85] observed finer sedimentation and TOM peaks associated with occurrence 
of floods registered in Recife to the lower Capibaribe Estuary. In case of middle 
estuary is not possible to identify finer sedimentation associated with flood reg-
isters. It is believed that the suspended sediments by rains transport is deposited 
mainly in the middle estuarine area, registering a prevalence of fine sedimenta-
tion. 

5. Conclusions 

The modification of urban space changed the sedimentation patterns in the 
middle Capibaribe Estuary. The core registered four units with different sedi-
mentary and geochemistry characteristics. First unit (Unit 1), represent ages be-
fore 1812 year, showed mangrove environment characteristics with predomin-
ance of fine sediments, high total organic matter contents and heavy metal con-
centrations possibly from natural sources. 

The second unit (Unit 2), from 1812 to 1937, showed a small influence of sand 
characteristics with slightly decreases in the fine fraction percentages, TOM 
contents and heavy metals concentrations. This increase in sand percentages 
may be associated with the beginning of urban expansion processes in the mid-
dle estuary, together with intensification of monoculture of sugar cane. These 
two processes were responsible by majority of the Atlantic Forest deforesting, 
increasing the lixiviation and the transport of sandy sediments from the margins 
to the river. 
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Third unit (Unit 3), from 1937 to 2004, showed the highest sand percentages 
of the sedimentary core, characterizing an exclusive sandy unit with low fine 
fractions percentages, total organic matter contents and heavy metals concentra-
tions. This unit represents the intensification of urban processes expansion of 
Recife City. Increases in landfills of flood areas, deforesting of mangrove areas 
together with intensification of building processes were the main factors that 
contributed in the increase of sand sedimentation in estuarine system. 

The fourth unit (Unit 4) showed increases in finer sedimentation, in TOM 
contents and heavy metals concentrations. The environmental improvement 
projects for Capibaribe River, in late 20th and early 21st centuries, were responsi-
ble by the reforesting of mangrove marginal areas of the estuary. These projects 
showed great results in increase of mangrove areas and these progradations 
could be observed in the higher mud contents in this unit of the sedimentary 
core. 

Although all modifications that occurred since the 18th century, the Capiba-
ribe River was not possible to register clearly the anthropic contamination to 
middle estuary area. The metal concentration records may have been also influ-
enced by natural sources, which are rich in heavy metal concentrations and sur-
round the estuarine area. And this way, the anthropic influences could have been 
masked by this geological character. Although as observed by the presented re-
sults, and in similar studies, that the enrichment of As and Pb could be directly 
related to these elements retention and accumulation by diagenetic processes, 
associated to several local sources as: the carbonate sediments, the local rocks 
and continental sediments, the groundwater aquifer and the atmospheric fallout. 

Lastly, this research may be useful in the comparison with similar sedimentary 
studies in densely urban estuarine areas. As well as to subsidize the determina-
tion of local metals reference/background levels in future studies employing the 
data collection presented in this paper. 
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