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Abstract. In Rio de Janeiro Eastern Coast, Cabo Frio is one of the areas which undergoes

 environmental pressure caused by human activity, mainly by the intense flux of 

vacationers. The area has a homogeneous extension of coastal aquifers, limited by the São 

João River, in the North, which is the main river system of the area, and in the South, by the 

Una River, border with the Búzios municipality. This paper aims to present the 

hydrogeochemical characterization of these coastal aquifers in District Tamoios. Three main 

steps were necessary: (1) Survey of pre-existing data, (2) Field work for measurement of 

physico-chemical parameters in situ and sampling for chemical, isotopic and microbiological 

analysis (3) Storage and processing of data collected. The results indicated that in the 

hydrogeochemical Region Tamoios it is possible to observe higher values of EC in the central 

portion of the coastal aquifer. This fact indicates a water salinization in the region near the 

artificial lakes generated by sand extraction activity. The data indicates that the Tamoios 

groundwater resource has a considerable potential to vulnerability. 
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1. INTRODUCTION 

Saline Intrusion studies in the Coastline of the Rio de Janeiro State are being developed 

by several authors. Cruz & Silva Junior (2006), Almeida & Silva Junior (2007), Seabra et al 

(2007), Tapia et al (2010) developed studies which allowed a better comprehension by the 

current situation of the this coastal aquifers. For Werner et al. (2012), Saline Intrusion 

studies, is a global issue, exacerbated by increasing demands for freshwater in coastal zones 

and predisposed to the influences of rising sea levels and changing climates. In this context, 

one of the counties of the Rio de Janeiro East Coast, Cabo Frio, is one of them, which suffer 

environmental pressure caused by human activity, mainly by the massive influx of 

vacationers. Studies demonstrate that in some places the groundwater quality is altered 

(Menezes et al., 2008). One of the most vulnerable areas is the Tamoios District, 2nd District 

of Cabo Frio (22º37’30’’ S, 42º01’30”W). That region has peculiarities that increase the 

importance of the groundwater study. Their boundaries contain important Atlantic Rainforest 
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remnants including the Mico Leão Dourado Municipal Park (belonging to the Biological 

Reserve of Poço das Antas Biological Reserve, within the field of Environmental Protection 

Area São João River).The Tamoios District has a homogeneous region of coastal aquifers, 

limited by the São João River in north, the main river system of the area, and the south by the 

Una River, border with the Búzios municipality . 

The hydrogeological potential of the study area is associated by the alluvial and marine 

sedimentary deposits. These deposits are free and shallow clastic aquifers, extremely 

vulnerable. The conditions of the land use and occupation of the physical environment affect 

the groundwater quality extract by the tubular wells, in range of 3 and 10 meters. Also, 

included in the coastal aquifers of the Tamoios District, have a wide range of lakes caused by 

the sand mining activity, in the 80 and 90 years. In addition, the Tamoios District has a 

precarious sewerage system. The saline water intrusion is associated by the super aquifer 

exploitation in vacations periods. 

This study aims at evaluating the current situation of the groundwater resources in 

Coastal District Tamoios by the hydrogeochemical aquifer characterization, in order to 

diagnose the vulnerability of this aquifer system. 

2. METHODOLOGY 

Three main steps were necessary to ensure the objectives to be met: (1) Survey of pre-

existing data (obtaining thematic maps, satellite imagery, geophysical data and literature 

search), (2) Field work for recognition of the study area, measurement of physico-chemical 

parameters in situ sampling for chemical analysis and microbiological laboratory isotopic 

and (3) Storage and Processing of data collected in a Georeferenced Database (GDB). 

The first field campaign took place from 9 to 13 August 2010 and had two main objectives 

listed: 1. Registration of wells, as well as the measurement of physico-chemical parameters in 

situ: pH, EC (Electrical Conductivity), T (temperature) and TDS (Total Dissolved Solids) 2. 

Based on the registered points, selection and collection of 10 water samples for analysis of 

microbiological, chemical and isotopic data. Seven of these ten samples consist in 

groundwater samples and three surface water samples related to the São João River, Una 

River and one of in the artificial lake. The chemical and microbiological analysis were sent to 

Analytical Solutions Company (ANASOL) for the determination of the major groundwater 

elements (Na
+
, K

+
, Mg

2+
, Ca

2+
, Cl

-
, HCO3

-
, SO4

2-
). Samples for isotopic analysis were sent to 

the GeoChronos Laboratory of Geosciences Institute at the University of Brasilia (UNB) to 

determine the rates of O18 and deuterium (2H). 

At first, the data obtained in situ from field campaign, were processed in a spatial 

environment of GIS (Geographic Information System), using the software of ESRI ArcGIS 

10.0. Were generated Contour maps showing CE and TDS through the use of Spatial Analyst 

tool, and the use of available interpolation method on the same (Inverse Distance Weighted) 

could perform the spatial distribution of these parameters for all study area. The second 

phase of analysis consisted in storing the data obtained from chemical for graphing 

hydrogeochemical in the software Aquachem5.0 of Schulumberger Water Services to 

determine the main hydrochemical facies. 
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3. RESULTS AND DISCUSSIONS  

In general the results indicated in that the hydrogeochemical Region Tamoios is possible 

to observe higher values of EC in the central portion of the coastal aquifer, to the detriment of 

neighboring regions that are bordering the São João River and Una River. The Total 

Dissolved Solids have values ranging from 35 to 1050 ppm, and the maximum allowable 

value by legislation in Resolution No. 396 of CONAMA (Environmental National Council) for 

human consumption is 1000 ppm showing the possible groundwater contamination near the 

artificial lakes. An evidence that can justify the salinity in the central portion is that the lakes 

provide the outcrop of the water-bearing stratum, where the waters of granular aquifer 

system have its flow toward the lakes contributing the advancement of salt water intrusion. 

This trend does not occur with nearby wells measured with the Una River and Sao João 

River, where it probably has a freshwater inflow. 

According to the Piper diagram (Figure 1a), which could also show the average 

compositions of freshwater and seawater (Appelo & Postma, 2005) the groundwater of this 

region indicates a mixing of salt water and freshwater. The samples nearby the coastal 

present a trend of salt water intrusion, which major elements are chloride and sodium. The 

three surface water samples indicate a strong sea influence in their chemistry. The Piper 

diagram also demonstrates that the main groundwater types are calcium bicarbonate and 

sodium chloride waters. The salinity trend of the artificial lake sample can be related to the 

absence of circulation and water renewal, and low dilution by recharge. It can also be 

attributed to the advancement of the salt water .The isotopic signature of the groundwater 

samples indicate that all of them present similar concentration, and therefore have the same 

origin. The rate of Deuterium and O18 shows that the main recharge is caused by the 

meteoric waters. The isotopic rates of surface water demonstrates that they have the same 

origin, they are influenced by the aquifer water due to the fact they were collected during a 

dry weather period (Figure 1b). As a conclusion groundwater, especially near the areas of 

artificial lakes, has compromised quality, determined mainly by the high rates of EC, 

indicating progress in this part of the salt water intrusion. The Total Dissolved Solids values 

exceed the Maximum Permited Value by legislation in the well near the artificial lake, and all 

analyzes prove that improper according to the fecal and total coliforms. The data indicate 

that, according to the hydrogeological point, the Tamoios region has considerably vulnerable 

to contamination and represent a risk to health. The studies will be detailed in this context by 

mapping mapping the vulnerability the advancement of the salty water intrusion in order to 

assess more accurately the contamination processes and in order to provide a management 

tool for effective sustainable management of groundwater in this region. 
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Figure 1- A, the piper diagram and B the isotopic ratios of H2 and O18 to the superficial and groundwater samples 

according the Viena Standard Mean Ocean Water – VSMOW. 
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