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Abstract 
The objective of this work was to evaluate the variation in the electrical conductivity and the mobilization of 
ions present in reject brine from desalination plant of brackish well water in three types of soil. The mobilization 
of the contaminant ions in the reject brine was studied in glass percolation columns, which were filled with soil 
of contrasting textures (eutrophic CAMBISOL, typic dystrophic Red OXISOL, ENTISOL Quartzipsamment). 
Experiments ware repeated three times each, and the initial and final concentrations of the ion contaminants were 
analyzed. The pollution potential of this residue was determined by the retardation factor and 
dispersion-diffusion coefficient of Ca2+ and Mg2+, besides the variation of electrical conductivity along the 
profile of each soil studied. In the Red Oxisol, Ca2+ and Mg2+ ions move with greater ease resulting in possibility 
largest of potential of ground water contamination. In Entisol Quartzipsamment presented higher Mg2+ (R) ion 
advancement speed, that is, higher subsurface contamination power for these ions. The eutrophic Cambisol 
presented low diffusion-dispersion coefficient in all the evaluated ions and, therefore, lower mobility of the ions 
in the soil profile, and consequently, a greater possibility of contamination when irrigated with reject brine. 

Keywords: irrigation, semi-arid, water reuse, reverse osmosis, calcium, magnesium 

1. Introduction 
The rational use of water in irrigated agriculture has been a recurrent discussion along the last decades, 
especially with respect to water quality (Ayers & Westcot, 1999; Silva et al., 2007; Anami et al., 2008). The use 
of water with high contents of salts results in the salinization of agricultural soils, causing disorders of physical 
and chemical nature in these soils, besides limiting crop development (Miranda et al., 2011; Mesquita et al., 2015; 
Sá et al., 2015). Since the water in some wells has high content of salts, desalinators have become necessary to 
make its use viable, and reverse osmosis desalination is one of the most employed techniques in arid and 
semi-arid regions (Santos et al., 2010a; Cosme et al., 2011; Oliveira et al., 2016). 

Brackish water desalination through reverse osmosis allows the use of water for human consumption and 
agriculture. However, besides purified water, this process generates saline waste with high potential of soil 
salinization, which requires adequate disposal (Santos et al., 2011). In general, the final disposal of the saline 
waste in the soil results in its salinization, thus compromising its chemical and physical quality. In this context, 
this waste poorly managed in agriculture may pose risks to the environment, promoting soil salinization and 
reduction of agricultural production (Garcia et al., 2008; Dias et al., 2010; Santos et al., 2011). 

The percolation column is a tool used to simulate the behavior of solute movement through the soil. It is based 
on the principle of accommodation of previously treated soil with well-known physical characteristics, followed 
by the application of the solution to be studied in the soil, with subsequent infiltration, and the collection of the 
predetermined pore volumes. Importantly, the dimensions of the column are measured in order to calculate the 
pore volume to be collected (Silva et al., 2012; Matos et al., 2013; Pinho et al., 2014; Silva et al., 2016). 
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Table 2. Distribution of particle size, texture classification, soil density (ρ), solid density (ρs), and calculated total 
porosity (α) 

Soil 
Particle size distribution Texture classification 

(SBCS) 
Ρ ρs α 

Sand Silt Clay 

---------------- (g kg-1) ---------------- ---- (kg dm-3) ---- (%) 

Eutrophic Cambisol 662.80 96.50 240.70 Frank-clay-sandy 1.46 2.47 40.89 

typic dystrophic Red Oxisol 823.80 28.40 147.80 Sand-frank 1.68 2.51 33.07 

Entisol Quartzipsamment 897.50 21.60 80.90 Sand 1.64 2.59 36.68 

Note. SBCS: Brazilian Society for Soil Science; ρ: soil density; ρs: solid density; α: calculated total porosity. 

 

Measured chemical characteristics were: Soil pH (H2O) determined in a solution of 1:2.5 soil-water mixture, 
electrical conductivity of the saturated soil-paste extract (ECs), exchangeable calcium (Ca2+) and magnesium 
(Mg2+) by by complexometry after extraction with KCl 1 mol L-1, exchangeable aluminum (Al3+) by extraction 
with KCl 1 mol L-1 and titrated with NaOH 0.025 mol L-1, available phosphorus (P), sodium (Na+) and 
potassium (K+) extracted in Mehlich-1 and determined by spectrophotometry visualization (P) and detected by 
flame photometry (Na+ and K+), the potential acidity (H+Al)—quantified by titration with 0.025 mol L-1 NaOH 
after extraction with calcium acetate at a concentration of 0.5 mol L-1 with a pH of 7.0 and, soil organic matter 
(SOM) - as assessed by 0.005 mol L-1 ferrous ammonium sulfate titration after being heated in a uniform plate 
with 0.02 mol L-1 potassium dichromate (Table 3). 

 

Table 3. Characterization of soil chemical properties 

Soil pH ECs SOM P K+ Na+ Ca2+ Mg2+ Al3+ (H+Al) 

(water) (dS m-1) (g kg-1) ---------- (mg dm-3) ---------- ------------- (cmolc dm-3) --------------

1 7.46 0.06 10.99 2.28 166.87 21.74 6.24 2.50 0.00 8.58 

2 5.35 0.06 8.80 1.41 35.29 15.96 0.98 0.49 0.06 3.82 

3 6.00 0.06 6.51 9.10 55.24 17.66 1.55 1.17 0.02 0.33 

Note. pH - hydrogen potential, ECs - electrical conductivity of the saturated soil-paste extract, SOM - soil 
organic matter, P - available phosphorus, K+ - potassium, Na+ - sodium, Ca2+ - calcium, Mg2+ - magnesium, Al3+ 
- aluminum and, (H+Al) - potential acidity. Soil 1 = Eutrophic Cambisol; Soil 2 = typic dystrophic Red Oxisol; 
Soil 3 = Entisol Quartzipsamment.  

 

The reject brine sampling was taken in the Boa Fé rural community in Mossoró, Rio Grande do Norte State, 
Brazil. This community has a desalination plant by reverse osmosis that provides treated water to the population 
and, as a result of the desalination process, also generates reject brine. 

The chemical characteristics of the saline tailings measured in this study were pH, electric conductivity (ECw), 
potassium (K+), sodium (Na+), calcium (Ca2+), magnesium (Mg2+), chloride (Cl-), and the sodium adsorption 
ratio (SAR), which was determined according to the methodology described by Tedesco et al. (1995) (Table 4). 

 

Table 4. Reject brine chemical analysis 

pH ECw K+ Na+ Ca2+ Mg2+ Cl- SAR 

---------- (dS m-1) --------- ------- (mmolc L
-1) ------- ------ (mmolc L

-1)1/2 ------

7.42 10.15 0.80 4.11 31.49 25.21 89.70 0.76 

Note. pH - hydrogen potential; ECw - electrical conductivity; K+ - potassium; Na+ - sodium; Ca2+ - calcium; Mg2+ 
- magnesium; Cl- - chloride; SAR - sodium adsorption ratio. 

 

According to the ECw data, the water is highly brackish (ECw = 10.15 dS m-1), and it appears, according to the 
guidelines proposed by Ayers and Westcot (1999), that the reject brine have a severe use restrictions due to 
salinity risks (ECw > 3.00 dS m-1). Additionally, according to the same authors, the chloride ion has a severe 
degree of restriction (Cl- > 10 mmolc L

-1).  
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