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Abstract 

The Recife Metropolitan Region (PE, Brazil) appears as a typical "hot spot" illustrating the problems of southern countries 

such as urbanization or rapid industrial and touristic development. All these factors induce high pressures on water resources 

both on quantity and quality in the context of global social and environmental changes. This paper focuses on the 

groundwater geochemistry in a costal multilayer aquifer aiming at investigating the sources and processes of salinization. The 

preliminary results of 62 groundwater samples from the five main aquifers are reported.  
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1. Introduction 

Due to an increasing demographic pressure, the Metropolitan Region of Recife (RMR) composed of 14 cities 

went through remarkable changes of water and land uses over the last decades. These evolutions gave rise to 

numerous environmental consequences, such as a dramatic decline of the piezometric levels, groundwater 

salinization and contamination. This degradation of natural resources is linked to the increase of water demand, 

punctually amplified by drought periods which induced the construction of thousands of private wells, hindering 

global political solutions. Under these conditions, an interdisciplinary research program aiming to study the 

human impact on coastal overexploited aquifers is proposed through three main converging axes: (1) the analysis 

of pressures on the groundwater resources and their societal and structural reasons, (2) the identification of 

sources and mechanisms of groundwater quality and quantity degradation, focusing on the physical and chemical 

processes as vectors of the reaction of the system to the external pressures, and (3) the assessment of the regional 

impact of global changes on water resources. One of the objectives is to determine the origin and processes of 

salinization, including a multi-tracer approach, to identify sources and pathways of inorganic contamination and 

to determine the residence time of water within the aquifer system. Finally, and based on the gained knowledge, 

hydrogeological conceptual and 3D numerical models of the functioning of the aquifer system in its social and 

environmental contexts will be developed. 

2. Geological and Hydrological context 

Recife was built on the estuarine area of the Capibaribe River and other small rivers, with a net of canals and 

bridges above rivers. The Recife coastal plain is located in the geographic limits of the sedimentary basins of 

Cabo and Pernambuco-Paraíba which consist out of fluvial and marine geologic formations. It is composed of 

three main aquifers: the two semi-confined Cabo and Beberibe aquifers, both underlining the superficial Boa 

Viagem unconfined aquifer, which is the most directly exposed to contamination, since it is connected to 
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mangroves, rivers, estuaries and highly urbanized areas [1]. The Boa Viagem aquifer is made of marine terraces 

of sand, silt and clay has an average thickness of 40 m. The Cabo aquifer occurs in the south of Recife and 

comprises sandstones, siltstones and mudstones, with an average thickness of 90 m. The Beberibe aquifer occurs 

in the north and central area of Recife with an average thickness of 100 m of sandstones with intercalations of 

mudstone; it is the most important one, with the highest amount of good quality water even if few wells already 

show salinity. Both the Beberibe and Cabo aquifers contain large clay levels. The hydraulic connections between 

the three aquifers are not well known but isotopic studies have shown that the recharge processes are similar, 

suggesting that exchanges may occur and may be modified or amplified by overexploitation [2] especially 

between the Cabo and Boa Viagem aquifers [3]. Due to high depletion in groundwater levels reaching more than 

2 m per year between 1992 and 2006 [4] and increasing salt content since the 1970s, many wells are not used 

anymore. Numerical modeling has shown that Beberibe and Cabo aquifers are being exploited well beyond the 

limits of natural recharge [5, 6]. Two other aquifers can be found west of the city: the Barreiras aquifer, 

characterized by alternating well stratified layers, is coated at its edges by the Boa Viagem aquifer. Mostly 

underlying the Beberibe and Barreiras aquifers with some outcrops, the Fissural aquifer is composed of 

basement rocks (granites/migmatites) with low storage capacity.  

3. Groundwater salinization 

Large knowledge gaps persist on the relative importance of different potential mechanisms of salinization in 

the RMR. Indeed, salinization can result from direct seawater intrusion into the overexploited aquifer but also 

brackish water inflow from mangrove swamps and the estuarine zone as well as the upwelling of ancient 

seawater [7]. Vertical exchanges between the aquifers can be triggered by wellhead drawdown in the shallow 

Boa Viagem aquifer, and/or through failed or improperly constructed wells. In these conditions, remediation 

measures can only be proposed when the sources and pathways of salinization are elucidated. In order to track 

sources of salinization, a multi-isotopic fingerprinting approach of the water system is developed (δ
18

O, δ
2
H, 

87
Sr/

86
Sr, δ

11
B, δ

34
S-SO4, δ

18
O-SO4). Chemical parameters (Cl, Br, B, SO4, major and trace cations) and tracers 

will help to (1) better constrain water circulations, (2) elucidate the origins and processes of salinization, but also 

to (3) locate and trace specific pollution sources (e.g. sewage, industrial and urban point-contaminations) that 

impact the aquifer. The sampling strategy was built at the RMR scale on the preexisting knowledge of the RMR 

aquifers and quality based on HYDROREC I and II database [4, 8] and on recent studies [9]. Typologies were 

based on statistical analysis of previous data of electrical conductivity (EC) and Na/Cl ratios. Among the 6000 

wells recorded in the RMR, the selection factors of wells were: the aquifer representativity, ranges of 

conductivity and Na/Cl ratio, depth of the filter, localization regarding proximity of shoreline, surface waters and 

mangrove, presence of pre-existing water quality data and presence of a current quality and quantity survey by 

APAC (Water and Climate Agency of Pernambuco). In the end, 62 wells were selected and sampled in the RMR 

(Fig.1). 

Figure 1: Sampling locations and electrical conductivity classes in the five main aquifers of the RMR 
(September 2012).  



4. Preliminary results and conclusion 

The first results show that the water quality is well contrasted in the aquifers (Fig 2). The lowest pH are 

encountered in the Barreiras aquifer (q25 = 4.7; q75 = 5.2, std dev: 0.55). The Fissural aquifer (q25 = 5.6; q75 = 6.3, 

std dev: 0.46) and the Beberibe aquifer have slightly acid groundwaters, the latter presenting a low range of 

values (q25 = 5.8; q75 = 6.1, std dev: 0.26). The Cabo aquifer (q25 = 6.2; q75 = 6.53, std dev: 0.39) has the highest 

pH (7.57). The Boa Viagem aquifer shows a large range of pH (q25=5.8; q75=6.1). Surface waters have neutral 

pH. The Barreiras and Fissural groundwaters have the lowest EC, indicating fresh and low mineralized 

groundwaters. The Boa Viagem aquifer shows a large CE range (q25 = 233 µS/cm; q75 = 1044 µS/cm) indicating 

possible mixings with various types of waters including deeper waters, seawater and sewage water (pollution 

sources will be further constrained with incoming results). The Cabo groundwaters show both intermediate EC 

values (media = 372 µS/cm) and the highest and most variable values of CE (up to 5630 µS/cm, Av. Cons. 

Aguiar, std dev: 1453). The mineralisation variation indicates various origins and/or processes of salinization. 

Note that, based on existing data, a larger number of highly salinized samples was expected, but it appears that 

several of these private wells are abandoned and sometimes filled with cement because their mineralisation 

reached unacceptable levels for domestic purposes.   

 
Figure 2: Box plots of pH and EC measured on site during the first sampling campaign in September 
2012. 
The first results allow various degrees of salinization to be distinguished in the main Cabo and Beberibe 

aquifers. Upcoming chemical and isotopic results will help to better constrain the sources and processes of 

salinization. The studied private wells are being used essentially for domestic purposes. Consequently, the 

salinity maps we obtain will also been interpreted within a sociological, urban and geomorphological context and 

finally transposed as a model of the RMR aquifer functioning with the aim to elaborate prospective scenarios 

under the societal and climatic driving forces.  
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