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Abstract 

The Santa Margarida Military Camp (CMSM) has been operational since 1952, with currently 75 

civilians and 1359 military. The aim is to evaluate the environmental impact resulting from the 

operation of military installations and activities associated with military training in the CMSM, in order 

to contribute to the protection and sustainable management of the groundwater resources of the 

CMSM. This dissertation aims to assess the existence of chemical contamination (organic and 

inorganic), of the aquifer systems, ascribed to the military activities that occur in this location, as well 

as to obtain hydrogeochemical data (major and minor elements) associated to the surface and 

groundwaters of the CMSM area, and its correlation with the local hydrogeological environment. This 

study also focuses on the chemical assessment of the water from the Waste Water Treatment Plant 

(WWPT) in order to evaluate whether this water complies with the legislation, to be reused for 

irrigation. 

This study is based on data from 2003, published by Matias et al. (2008) and recent data from field 

work campaigns conducted in 2015 and 2016, under the scope of the RASA Project. According to the 

most recent data (from 2015 and 2016) the activities developed in the CMSM are not a source of 

chemical contamination for the local groundwater, as these waters do not show signs of contamination 

and therefore do not constitute an environmental risk. From the chemical point of view, the water from 

the WWTP is within the legal parameters to be reused for irrigation in these facilities. 

 

Keywords: CMSM, surface water, groundwater, hydrogeochemistry, contamination, water reuse, 

WWTP. 

1. Introduction 

In order to study the surface and groundwater quality of the Santa Margarida Military Camp 

(CMSM), it’s intended to analyze data obtained from field studies carried out in 2003 (already 

published by Matias et al., (2008)), 2015 and 2016 (under the scope of the RASA Project). This study 

focuses on the activities developed in the CMSM, namely military training activities involving the firing 

of ammunitions, and how they affect the quality of surface water and groundwater. Another aspect of 

this study is the analysis of the quality of the treated wastewater from the Waste Water Treatment 

Plant (WWTP), in the CMSM, to evaluate if the water can be reused for irrigation, according to the 

Portuguese Legislation (Decreto-Lei nº. 236/98). 

The CMSM was founded on November 24, 1952. The Militar Camp is located in Santa Margarida 

da Coutada, in the Municipality of Constância, District of Santarém (Figure 1). This Militar Camp 
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covers an area of about 67 km2, of which 35 km2 are occupied by military barracks, with currently 75 

civilians and 1359 military. It is one of the Portuguese military installations that received Environmental 

Certification (Ferreira, 2014). 

In the study area, the predominant 

lithology is Holocenic and formed by 

sedimentary deposits (Almeida et al., 2000). 

The most recent formations are represented 

by quaternary deposits (Matias et al., 2008). 

The CMSM is located in an extensive flat 

area in the Tertiary Basin of the Tagus River, 

where the most extensive and important 

multi-layer aquifer system occurs in Portugal 

(Rosselló-Graell, 2003). The CMSM is 

located in one of the three main 

hydrogeological units of mainland Portugal, 

namely the Tejo-Sado Basin, more specifically 

in the Tertiary Lower Tagus Basin, consisting mainly of sandstones alternating with layers of 

impermeable clays (Almeida et al., 2000). 

According to Matias et al. (2008), environmental problems were found in 2003, particularly in the 

Ervideira area, where water from its stream and spring had evidences of anthropic contamination. 

Matias et al. (2008) recommended remediation measures in order to solve this problem, one of which 

is to direct the water from the Ervideira Stream to the nearby WWTP. 

 

2. Methods 

The surface and groundwater samples were collected in springs, streams, temporary lagoons* - a 

dam* - a piezometer* - wells* (*in these cases the sampling was done only by Matias et al. (2008)), 

extraction boreholes and WWTP, which are located within the military training area. 

All sampling points (Figure 2) were selected because of their proximity to critical sites, such as: 

• location of the actual fire exercises; 

• projectile impact zones; 

• one of the lagoons that was an old zone of impact of projectiles (sampling done by Matias et 

al. (2008)); 

• WWTP. 

The physico-chemical properties of the waters (T, pH, Eh and EC) were measured in situ. In 2016 

samples were collected for the determination of polycyclic aromatic hydrocarbons (PAHs). With regard 

to the characterization of the water samples, it was determined: 

• Total Suspended Solids (TSS) and Total Dissolved Solids (TDS) to be quantified by 

gravimetry, and total alkalinity to be determined by potentiometric titration (endpoint of pH 4.5) 

at the Laboratory of Mineralogy and Petrology of IST (LAMPIST). 

Figure 1 - (a) Location and (b) delimitation of the Santa 

Margarida Militar Camp. Adapted from Google Earth. 
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•  Several anionic inorganic species (e.g., F, Cl, NO3, NO2, PO4, SO4), analyzed by ion 

chromatography (LAMPIST) and several cationic species (e.g. Ca, Mg, Na, K, Cu and Cu, Pb, 

Zn, Fe and Mo,...), analyzed in Canadian Laboratory (Actlabs) by inductively coupled plasma 

mass spectrometry (ICP-MS). 

• 16 organic compounds (aromatic polycyclic hydrocarbons (PAH's): Benzo (a) pyrene, Benzo 

[b] fluoranthene, Benzo [k] fluoranthene, Benzo [ghi] perylene, Indeno [1,2,3- cd] pyrene, 

Fluoranthene, Acenaphthene, Acenaphthene, Anthracene, Benzo (a) anthracene, Chrysene, 

Dibenzo (a, h) anthracene, Phenanthrene, Fluorene, Naphthalene, Pyrene), whose analysis 

were performed in the Laboratory of Analyzes of the IST (LAIST). 

The data obtained in 2015 and 2016 will be analyzed comparatively to the data from 2003, along 

with new information of the sampled water from the WWTP from the CMSM, and what use it may have 

from a sustainability point of view for the CMSM. 

The data will be interpreted through Piper Diagrams and Stiff Diagrams, using AqQa software. 

 

3. Results and discussion 

3.1. Surface and groundwater 

According to Matias et al. (2008), most of the waters sampled in 2003 had a similar chemical 

composition, with Cl and Na being the dominant ions.  

The Meio, Porco and Junco Lagoons, as well as the Porco Dam are located in areas of impact of 

projectiles and surrounding areas, so they had relatively higher concentrations of Al, Fe and Cr, Pb 

and Mn, constituent elements of ammunition and shells (Matias et al., 2008). So, it’s possible to 

consider these values as evidences of contamination due to military activities. However, the sampled 

groundwaters showed no contamination by these elements. 

In 2015 and 2016 no water samples were collected in the temporary lagoons, so it is not possible 

to evaluate the evolution of the concentrations of these elements. However, lagoons are the most 

susceptible sites for contamination of surface waters, and it is important to characterize their chemical 

composition in the future. 

In 2015 and 2016 the sampling sites were not always the same. However, water samples were 

collected roughly at the same time of year, in September and October, respectively (Table 1 and 2). 

Figure 3 shows that in 2015 and 2016 the most common hydrogeochemical facies was sodium 

chloride (Na-Cl), the same as 2003. However, in 2015 the Ervideira Stream and the WWTP Spring 

had a calcium bicarbonate (Ca-HCO3) hydrochemical facies. In 2016 the hydrochemical faceis in 

Ervideira Stream and the Caniceira Borehole Reservoir was sodium bicarbonate (Na-HCO3). The Stiff 

Diagram (Figure 4) is another way of analyzing the hydrogeochemical faceis and the water 

mineralization. 
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Figure 2 –Sampling locations for superficial water, groundwater and the WWTP in CMSM. Adapted from Carta Militar de Portugal, na Escala 1:25 000. Folha 331 (Abrantes) e 

Folha 343 (Bemposta).
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     Table 1 - Physical-chemical composition of surface and groundwaters sampled at the Santa Margarida Military Camp, October 2015. 

 

 

Table 2 -  Physico-chemical composition of surface and groundwaters sampled at the Santa Margarida Military Camp, September 2016. 
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Figure 3 – Piper diagram of surface and groundwaters, sampled in (a) 2015 and (b) 2016. 

 

Figure 4 – Stiff diagram of surface and groundwaters sampled, in (a) 2015 and (b) 2016.
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According to Matias et al. (2008), in 2003 the Ervideira Stream had traces of anthropogenic 

contamination, so it is important to determine if there was an improvement in the water quality. 

The EC in the water of this stream decreased, comparing to 2003 (573 μS/cm), presenting in 

2015 the value of 301 μS/cm. Its Cl concentration also decreased to 32.34 mg/L. In 2016 the 

concentration of NO3 in Ervideira's Stream (33.3 mg/L) was lower than the concentration of NO3 

in Ervideira's Spring (64.74 mg/L), showing no evidence of contamination. Thus, it is observed 

that the water quality of the Ervideira Stream improved significantly, presenting no indicators of 

anthropic contamination. This is probably due to the quality of the treated water from the 

WWTP, which is discharged to the stream contributing to the improvement of the quality of the 

stream water.  

The water from Porco Stream, when compared to the other waters sampled in 2015, has 

evidence of anthropogenic contamination due to the high NO3
 concentrarion (59.82 mg/L). 

However, it should be noted that this concentration was much lower than the NO3
 concentration 

detected in 2003 in the Ervideira Spring (179.08 mg/L). 

In 2003 the Ervideira Spring presented evidence of anthropogenic contamination, because of 

the high concentration of NO3 (179.08 mg/L). This anthropic contamination results from the 

agricultural use of the soils. Although the water quality improved in 2016, the concentration of 

NO3 (64.74 mg/L) was an indicator of contamination of anthropogenic origin. 

In 2016 the concentrations of some Polycyclic Aromatic Hydrocarbons (PAHs) were also 

analyzed in the sampled waters. The concentration of these compounds were found to be below 

the detection limit (<0.005 μg/L). 

Samples of the water used for irrigation (from the extraction boreholes) were also collected 

by the Environmental Protection Center of CMSM and according to the Annex XVI of Decreto-

Lei nº 236/98 the quality of water intended for irrigation meets the legal parameters for this use. 

 

3.2. Waste Water Tratment Plant (WWTP) 

The water samples from the WWTP were collected only in 2015 (Table 3) and 2016 (Table 

4). For each year there are only three sampling sites: water before secondary treatment (BT), 

water after secondary treatment (AT) and discharge to the Ervideira Stream (SD). 

Through the observation of the Piper and Stiff Diagrams in Figures 5 and 6, respectively, in 

2015 and 2016 it is observed no great difference between the water after the treatment and the 

one discharged into the Ervideira Stream, because it is the same water that after treatment in 

the WWTP, is discharged to the Ervideira Stream. 

In the Stiff Diagrams it is possible to observe the different chemical composition of the 

waters before treatment in 2015 and 2016, which reinforces the hypothesis that the water sent 

to the WWTP has different compositions, because of the sanitation network. 

In 2016, a PAH, Fluoranthene, with a concentration of 0.035 μg/L, was detected in the water 

sample collected in the drainage water of the WWTP. This value is below the limit stipulated by 

the Portuguese legislation (Decreto-Lei nº. 306/2007). 



8 

 

Table 3 - Physical-chemical composition of the waters sampled at the WWTP of the Santa Margarida Military Camp, in 2015. 

 

 

Table 4 - Physical-chemical composition of the waters sampled at the WWTP of the Santa Margarida Military Camp, in 2016. 
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Figure 5 - Piper diagrams related to waters sampled at the WWTP in (a) 2015 and (b) 2016. 

 

Figure 6 - Stiff diagram for water sampled at the WWTP in (a) 2015 and (b) 2016. 

According to Decreto-Lei nº. 236/98, and from the chemical point of view, the treated 

residual water complies with Portuguese legislation on Maximum Acceptable Values (MAV) for 

water intended for irrigation. However, these results should be supported by the studies 

developed under the RASA Project - "Risks associated with CMSM soils and aquifer systems: 

chemical and viral evaluation", by the C2TN/IST team, focused on the characterization of viral 

composition in groundwater and in water of the WWTP of the CMSM. 

 

4. Concluding remarks  

In 2015, surface and groundwater revealed a hydrogeochemical facies similar to that of 2003 

(Na-Cl), with the exception of water from the Ervideira Stream and from the WWTP Spring (Ca-

HCO3). The water in Ervideira Stream in 2003 had evidence of anthropogenic contamination, 

but in 2015 the quality of this water improved. This is evidenced by the lower Cl- concentration. 

This improvement may be associated with the quality of the treated wastewater from the 

WWTP, which is discharged into the stream. The waters from the Caniceira Borehole and from 

the Caniceira Borehole Reservoir presented high mineralization and high Na and Cl 

concentration due to water-rock interaction, as described by Matias et al. (2008).  
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In 2016 the hydrogeochemical facies of the sampled waters was sodium chloride (Na-Cl), 

except for the waters of the Ervideira Stream and the Caniceira Borehole Resevoir (Na-HCO3). 

In that year, surface and groundwaters did not show traces of anthropogenic contamination. 

The analysis of some Polycyclic Aromatic Hydrocarbons (PAHs) performed during that year 

showed that the concentrations of these compounds were below the detection limit (<0.005 

µg/L). The water collected in the Caniceira Boreholes is already being used in a sustainable 

way, for local irrigation, for the maintenance of the existing pool and for washing the military 

vehicles. Its chemical composition was analyzed in 2015 and 2016 by the Center for 

Environmental Protection of the CMSM and it was found that it was within the legal parameters 

for waters used for these purposes, proving to be of good quality.  

In the years 2015 and 2016, the wastewater from the WWTP of the CMSM was also 

analyzed, being sampled water before the treatment, water after the secondary treatment and 

the water discharged into the Ervideira Stream. According to Decreto-Lei nº. 236/98, from the 

chemical point of view, the wastewater has the proper quality parameters to be used for 

irrigation. However, these results should be supported by the studies developed under the 

RASA Project - "Risks associated with CMSM soils and aquifer systems: chemical and viral 

evaluation", by the C2TN/IST team, focused on the characterization of viral concentration in the 

groundwater and in the wastewater of the WWTP in the CMSM. 

Despite the continuous use of these facilities for military training operations since 1952, the 

CMSM shows no signs of contamination, in local surface and groundwaters, derived from its 

activities. 
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