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SALINITY VARIATIONS OF ITABORAÍ SEDIMENTARY AQUIFERS 
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Abstract. The hydrogeochemistry of sedimentary aquifers in municipality of Itaboraí was 

studied from August 2009 to January 2010, where were verified different salinity values 

among Macacu, Aluvial-Lacustrine and Fluvial-Marine aquifers. This work presents 

information about the source of dissolved constituents of the Macacu sedimentary basin 

groundwater by physico-chemical parameters, hydrodynamics analysis and rCl/rBr 

associated to the dissolved organic carbon (DOC). The rCl/rBr pointed out four different 

sources of groundwater basin. The Group 1 is formed by groundwater from recharge area, 

with rCl/rBr = 100 - 539 and Cl concentrations lower than 25 mg L
-1

. Those waters belong to 

Macacu aquifer and are influenced by meteoric waters. The Group 2, which is located in a 

discharge area, presents rCl/rBr = 1007 – 1500 and Cl concentrations ranging from 141 to 

178 25 mg L
-1

. Those waters come from the Aluvial-Lacustrine aquifer system and some part 

from Macacu aquifer in Itambi region. The Group 3 is formed by groundwater that showed 

rCl/rBr = 10 – 591 mg L
-1

 and Cl concentrations about 443 – 745 mg L
-1

. Those waters 

belong to the Aluvial-Lacustrine aquifer system (Porto das Caixas region) with high Cl 

concentrations, however, relevant Br concentrations linked to the organic matter. The Group 

4 is formed by groundwater with rCl/rBr = 274 – 595 and the highest Cl concentrations (803 

– 1246 mg L
-1

). Those waters make part of Fluvial-Marine aquifer in the mangrove region of 

Guapimirim APA, where occurs marine intrusion.

1. INTRODUCTION

The Guanabara Bay Basin is located in the Rio de Janeiro Metropolitan Region and 

integrates the Macacu sedimentary basin, where occurs the Macacu aquifer, formed by 

Tertiary sediments with can reach thickness more than 200 meters besides the Quaternary 

aquifers, which are formed by alluvial-lacustrine and fluvial-marine sedimentary facies and 

they reach thickness about 40 meters (Figure 1).The monitoring carried out in those aquifers 

systems detected significant salinity variations in the three aquifers system, which consider 
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the ratio chloride/bromide. Once dissolved in water, Cl and Br preserve the record of 

dissolved material which originates the groundwater salinity (Alcalá & Custodio, 2000). 

Considering not only the marine aerosols as the main reason of salinity in groundwater, the 

salinity can also be influenced by lithology and anthropogenic activities and the study of the 

rCl/Br ratio together to the Cl concentrations provide information about residence time of 

groundwater in that region.

Figure 01: Geology from the Macacu sedimentary basin and the location of monitored 

wells. Source: Meis e Amador, 1977; Penha, 1979; D’alcolmo, 1982, Ferrari e Ferraz, 

1988.

2. MATERIAL AND METHODS 

Six sampling campaigns from August 2009 to January 2010 were carried out, monitoring five 

wells and four of them are multilevel wells (P-01, P-02, P-03 and P-04) with inflow in two or 

three depths ranging from 17 to 148 m. Only the well P-05, located in the mangrove area, has 

one inflow depth, about 15 m, where were verified the maximum and minimum values of 

electrical conductivity (EC), pointing out tidal influence. The EC in the monitored wells 

ranged from 48 to 5651  S cm
-1

. The Cl and Br analysis, carried out without dilution by ion 

chromatography, were used to in order to distinguish the salinity sources of Macacu Basin 

groundwater through the rCl/rBr ratio.
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3. RESULTS AND DISCUSSION  

Independent of the season and the type of aquifer, it was observed the wells far 14 km from 

the coast as the P-01, P-04 e P-05 presented EC values higher than the others. The hypothesis 

of those wells would be linked to an influence area of saline wedge or linked to a process of 

strong lixiviation of the sediments from ancient marine facies. 

The sampled area never ever been used as waste disposal area nor an area with great urban 

activity, thus, the salinity found in that area has no anthropogenic influence. The Figure 2 

presents the Cl/Br ratio as a hydrogeological tracer of salinity in the studied aquifers and 

associated to Cl concentrations it become possible to discriminate four main groups of 

groundwater sources.

The Group G1 is formed by groundwater from recharge area, with rCl/rBr = 100 - 539 and 

Cl concentrations lower than 25 mg L
-1

. Those waters belong to Macacu aquifer and are 

influenced by meteoric waters. The Group G2, which is located in a discharge area, presents 

rCl/rBr = 1007 – 1500 and Cl concentrations ranging from 141 to 178 25 mg L
-1

. Those 

waters come from the Aluvial-Lacustrine aquifer system and some part from Macacu aquifer 

in Itambi region (P-04). Although the high rCl/rBr values, this group showed low Cl 

concentrations compared to the others studied aquifers systems.  

The distinction of rCl/rBr values from G2 is given mainly by the location of P-04. The lavels 

A and B of this well are found in Itambi region, where the groundwater flows away through 

lacustrine mudstones from Rio Vargem Member (Macacu Formation). That lithology could 

contain some precipitated salts as halite in its composition.

The Group G3 is formed by groundwater that showed rCl/rBr = 10 – 591 mg L
-1

 and Cl 

concentrations about 443 – 745 mg L
-1

. G3 is formed by groundwater from Alluvial-

Lacustrine aquifer from Porto das Caixas region (P-01C). The G3 groundwater has high 

concentrations of Cl, but also high Br concentrations, which reduces the rCl/rBr. This well 

has high Cl concentration and it should be linked to the sewage releasing that comes from 

Caceribu River, located about 350 m from P-01C. 

Regarding the low Br concentrations, Davis et. al. (op. cit.) showed that shallow groundwater 

can present low rCl/rBr in aquifers with significant content of organic matter. In Porto das 

Caixas region (well P-01C), the rising of Br concentrations is close related to the dissolved 

organic carbon (DOC). The relationship between DOC and Br is not relevant for the others 

aquifers systems.

The Group G4 is formed by groundwater with rCl/rBr = 274 – 595 and the highest Cl 

concentrations (803 – 1246 mg L
-1

). G4 has groundwater from the Fluvial-Marine aquifer 

system in Guapimirim APA region. Hydrodynamics and isotope analysis confirm for this 

aquifer the rising of Cl concentrations is related to marine intrusion (saline wedge). This 

region is formed by mudstones rich in organic matter, which also has high Br concentrations, 

but the marine intrusion generally maintains high rCl/rBr values. Nevertheless, in periods of 

low tide, Br content of organic matter can influence the rCl/rBr, denoting values less than 

500 as verified in some samples from Fluvial-Marine aquifer.    
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Figure 2: rCl/rBr associated to the Cl concentrtions in the Itaboraí sedimentary aquifers. 
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