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Abstract 
The desalination of the brackish waters is a technology of coexistence with the semi-arid and its adoption implies 
in determining the environmental impacts due to the reject brine generated. Therefore, this work evaluated the 
hydrochemical characteristics of well water (feed water), drinking water (purified) and reject brine from reverse 
osmosis desalination plants in Western Meso-region, Rio Grande do Norte state, Brazil. During the periods 
between October 2013 and November 2014, four water samples were taken at seven inland desalination plants in 
communities and rural settlements. The hydrochemical characteristics of the waters were evaluated using 
multivariate statistical analysis. The following physico-chemical parameters of water collected were evaluated: 
electrical conductivity (ECw), pH, concentrations of cations (sodium, potassium, calcium and magnesium) and 
anions (chloride, carbonate and bicarbonate), Sodium Adsorption Ratio, Langelier Saturation Index, Stability 
Index of Ryznar, and the Calcium/Magnesium ratio. Well water and reject brine were classified into six groups, 
while purified water was classified into seven groups with different levels of risk of salinization, sodification and 
ions toxicity. 

Keywords: water quality, salinization, environmental impacts 

1. Introduction 
A major challenge for the Brazilian semi-arid region is to promote the supply of water to families living in rural 
areas and also to provide these communities with productive capacity. Thus, water issues in semi-arid zone are 
crucial in overcoming obstacles to development (Cirilo, 2008), because, due to the irregular rainfall regime, 
surface resources are often scarce or of poor quality and the storage of water in surface reservoirs is difficult, 
especially during long periods of low rainfall. 

In the specific case of regions afflicted by water scarcity, such as the semi-arid of northeastern Brazil, food 
production should be based on principles and techniques of coexistence with drought, as well as on the use of 
alternative sources and rational use of water resources available. 

In this context, several drought coexistence techniques have been used to improve access and increase water 
availability to meet the diffused rural demand in arid and semi-arid regions. As examples, we present the 
underground dams (Lima et al., 2017), as well as groundwater available after public investments in well drilling 
(Soares et al., 2006). 
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Although groundwater can be used for consumption and also for agricultural production, guaranteeing the food 
and nutritional security of rural families, these water sources present in most cases restrictions of use for human 
consumption due to high-salinity problems (Oliveira et al., 2017). 

The Brazilian Federal Government’s ‘Água Boa’ Program seeks to solve this problem by installing reverse 
osmosis water treatment plants in several rural communities in the Northeast Region, in order to obtain drinking 
water for families through desalination of water from wells with high-salinity. This technology tends to alleviate 
the precarious conditions of water supply in the northeastern localities contemplated by governmental programs. 
Thus, the problem of salinization does not mean that these waters cannot be exploited, because where reverse 
osmosis desalination technology has been used in Northeast Brazil, the exploitation of these sources becomes 
viable (Soares et al., 2006). 

A restriction of the desalination process is the production of an amount of reject brine ranging from 40 to 70% of 
the total feed water used, depending on the percent recovery of desalination plant and the quality water of feed 
(Bush et al., 2017). As water is the main input of irrigation, both its quantity and quality are very relevant to the 
success of its application, without causing damage to the soil-plant system and irrigation equipment (Mantovani 
et al., 2007). 

The use of saline water in irrigation may present a risk to both crop development and production, as salinity 
effects may lead to a reduction of up to 50% in productivity of some species (Barroso et al., 2011). 

Considering the above, greater attention to the rational use of water resources in the semiarid region, mainly in 
what concerns the efficiency of the treatment of brackish waters by reverse osmosis, besides the monitoring and 
management of groundwater brackish wells and/or reject brine , by means of the evaluation of its quality. In this 
context, this study was carried out to determine the hydrochemistry of the water from the desalination process in 
seven reverse osmosis desalination plants located in rural communities and settlements in the State of Rio 
Grande do Norte, in order to use rationally and manage sustainably the water resources. 

2. Method 
The research was carried out between 2013 and 2014 in communities and rural settlements of the West Region 
of the state of Rio Grande do Norte (West Potiguar), Brazil, which have units of water catchment and treatment 
for desalination. 

The West Potiguar mesoregion presents characteristic landscape and climate, possessing as dominant vegetation 
the hyperxerophilic ‘caatinga’. According to the classification of Köppen, the predominant climate of the region 
is the BSw’h’ type, hot and semi-arid, with a rainy season of approximately four months predominating between 
February and May, with March and April months having the higher average annual precipitation of about 
550-750 mm and 27 to 29 °C average temperature. 

The locations where the brackish water treatment plants were installed were identified through consultation with 
the cadastral survey of the Rio Grande do Norte State Water Resources Secretariat (SEMARH). 

Community leaders were interviewed for technical descriptions of the wells. This information was used to 
identify wells with characteristics favorable to monitoring, such as similarity between them, proper maintenance, 
and daily use of the desalinator. In this way, seven treatment plants were selected in three settlement projects 
(Boa Fé and Alagoinha in the municipality of Mossoró, and Lagoa Rasa in Apodi) and four rural communities 
(Juazeiro, in the municipality of Apodi, Alagoinhas in Pau dos Ferros, Jacu in Francisco Dantas, and Ema, in the 
municipality of José da Penha). 

Sampling of water from the desalination process at each site (brackish water-feed, purified-drinking water and 
reject brine) were performed every three months, in order to verify the hydrochemical changes in all seasons. 
The collection periods were: E1 = October/November (2013) - Dry period, practically no rainfall; E2 = 
February/March (2014), beginning of the rainy season; E3 = June/July (2014), end of the rainy season, and E4 = 
October/November (2014), closing the cycle of twelve months, again in the dry season. 

The samples were collected and stored in 500 mL opaque polypropylene bottles, hermetically sealed. They were 
refrigerated and taken for analysis to the Laboratory of Water, Soil and Plant Analysis (LASAP) of the Federal 
Rural Semiarid University (UFERSA). 

The determinations carried out were of Electrical Conductivity (EC in dS m-1), hydrogen ion potential (pH), the 
concentrations of Sodium (Na+), Calcium (Ca2+), Magnesium (Mg2+), Potassium (K+), Chloride (Cl-) Carbonate 
(CO3

2-), and Bicarbonate (HCO3
-), according to the methodologies proposed by Richards (1954). The sodium 

absorption ratio (SAR) was also calculated for the classification of the samples as to the risk of sodification and 
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problems of infiltration in the soil caused by the sodicity of the water. The criteria proposed by Ayers & 
Westcott (1999) were used in the analysis of water quality for irrigation purposes (Table 1). 

 

Table 1. Classes of restriction of use for irrigation of water from saline wells in rural areas of the West Potiguar 

Potencial problem Irrigation Systems Variables 
Classes of restriction 

None Slight to Moderate Severe 

Salinization ECw (dS m-1) < 0.7 0.7-3.0 > 3.0 

DTS (mg L-1) < 450 450-2000 > 2000 

Sodification 
(reduction in soil water infiltration) 

SAR (mmol L-1)½ ECw (dS m-1) 

0 to 3 > 0.7 0.7-0.2 < 0.2 

3 to 6 > 1.2 1.2-0.3 < 0.3 

6 to 12 > 1.9 1.9-0.5 < 0.5 

12 to 20 > 2.9 2.9-1.3 < 1.3 

20 to 40 > 5.0 5.0-2.9 < 2.9 

Toxicity of specific ions to the crops Surface RAS (mmolc L
-1)½ < 3.0 3.0-9.0 > 9.0 

Sprinkler Na+ (mmolc L
-1) < 3.0 > 3.0 

Surface Cl- (mmolc L
-1) < 4.0 4.0-10.0 > 10.0 

Sprinkler Cl- (mmolc L
-1) < 3.0 > 3.0 

Sprinkler HCO3
- (mmolc L

-1) < 1.5 1.5-8.5 > 8.5 

Clogging in drip irrigation systems pH < 7.0 7.0-8.0 > 8.0 

Fe total (mg L-1) < 0.1 0.1-1.5 > 1.5 

LSI < 0.0 > 0.0 

Note. ECw = electrical conductivity of water, TDS = Total dissolved solids; SAR = sodium absorption ratio; LSI 
= Langelier saturation index. 

 

The results were interpreted through the multivariate statistics of hierarchical grouping using the least variance 
method, also known as Ward’s method (Ward, 2012). The variables used for the cluster analysis were the electric 
conductivity (EC), the concentrations of sodium, potassium, calcium, magnesium, carbonates, bicarbonates and 
chloride, as well as the Langelier Saturation Index (LSI) and Stability Index of Ryznar (SIR). 

The Ward’s method is a hierarchical model that uses a Euclidean distance to measure the similarity or 
dissimilarity between individuals that is the distance between individuals Xi and Xj, according to Equation 1. 

dij	=	ൣXi	– Xj൧	=	 ቂ∑ ൫Xi,k	– Xj,k൯2P
k=1 ቃ1 2ൗ

                            (1) 

Ward’s method proposes that at any stage of the analysis the loss of information resulting from the grouping of 
elements between groups is measured by the Sum of Squares of Deviations (SSD) of each point to the mean of 
the group to which it belongs, according to Equation 2: 

SQD	=	 ∑ xi
2	– 

1

n
n
i=1 ሺ∑ xi

n
x=1 ሻ2                                (2) 

where, n = total number of elements of the cluster; xi = i-th element of the cluster.  

In this method, the groups are formed by maximizing the homogeneity within them and the heterogeneity 
between the groups. The sum of squares within the groups is used as a measure of homogeneity. That is, Ward’s 
method attempts to minimize the sum of squares within the group. The groups formed in each step are the 
solution group with the smallest sum of squares (Sharma, 1996). 

For calculations of the Langelier and Ryznar indexes, which determine the fouling or corrosive trends, the 35 °C 
temperature was taken as the basis, because it was for the average maximum temperature at sample times. 
According to American Public Health Association [APHA] (2005), the alkalinity was taken as the HCO3

- 
concentration because the pH of the samples of the three types of water was in the range of 4.4 to 8.4. 

The calculation of the Langelier Saturation Index was performed according to Equations 3 to 8, and the 
interpretation of the results is presented in Table 2. 

ISL	=	pH	– pHe                                     (3) 
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pHe	=	9.3	+	A	+	B	– ሺC	+	Dሻ                                (4) 

A	=	 logሺTDSሻ	– 1

10
		                                     (5) 

B	=	ൣ13.12	– logሺT	+	273ሻ൧	+	34.55                             (6) 

C	=	ൣlog൫Ca2+൯൧	– 0.34                                 (7) 

D	=	 logሺAlcሻ                                      (8) 

Where, TDS = Total Dissolved Solids in mg L-1; T = Temperature in °C; Ca2+ = concentration of calcium in mg 
L-1; Alk1 = Alkalinity in CaCO3.  

 

Table 2. Risks of incrustation or corrosion of waters of saline wells of the rural localities of the West Potiguar, 
according to the Langelier Saturation Index (LSI) 

LSI value Indication 

> 4 Severe Incrustation 

3 to 4 Moderate Incrustation 

1 to 3 Mild Incrustation 

0.5 to 1 Very Mild Incrustation 

-0.5 to 0.5 Balanced 

-2 to -0.5 Mild Corrosion 

-5 to -2 Moderate Corrosion 

< -5 Severe Corrosion 

Source: Adapted from Grades (2004). 

 

The Ryznar Stability Index was determined according to Equation 9, with interpretation of the results as 
presented in Table 3. 

IER	=	2pHe	– pH                                   (9) 

Where, pHe: pH of CaCo3 saturation.  

 

Table 3. Risks of incrustation or corrosion of waters of saline wells of the rural localities of the West Potiguar 
according to the Ryznar Stability Index (RSI) 

RSI value Indication 

< 4 Severe Incrustation 

4 to 5 Strong Incrustation 

5 to 6 Mild Incrustation 

6 to 7 Balanced 

7 to 7.5 Moderate Corrosion 

7.5 to 9 Strong Corrosion 

> 9.0 Severe Corrosion 

Source: adapted from Grades (2004). 

 
3. Results and Discussion 
3.1 Brackish Water From Wells 

The analysis of the dendrogram indicated six groups with 39.28% (Group 1), 14.28% (Group 2) and 25.00% of 
the samples (Group 3) and three groups (4, 5, and 6) with 7.14% of the samples each (Figure 1).  
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Table 4. Results of the hierarchical clustering analysis by the Ward’s method for the 28 points of water collection 
from saline wells in the rural settlements of the West Potiguar 

Group Locality ECw K+ Na+ Ca2+ Mg2+ Cl- CO3
2- HCO3

- SAR LSI RSI 

  dS m-1 ------------------------------- mmolc L
-1 -------------------------------    

G1 LR2 1.10 0.39 7.30 3.70 2.30 4.20 0.60 7.70 4.20 0.89 5.69

LR3 0.58 0.26 5.05 3.10 1.60 3.80 0.50 7.60 3.30 0.74 5.91

AL1 1.09 0.19 2.67 6.00 1.80 6.20 0.40 5.00 1.40 1.16 5.39

AL2 1.25 0.24 2.76 7.30 2.70 7.20 0.40 6.50 1.20 1.37 5.00

AL3 1.09 0.21 5.66 6.00 1.80 6.20 0.40 5.00 2.90 0.84 5.71

AL4 1.03 0.21 5.70 5.90 1.70 6.10 0.10 5.00 2.90 0.54 6.06

PF1 2.10 0.24 7.44 10.30 5.30 10.60 0.40 3.20 2.70 0.87 5.64

EM1 2.16 0.19 11.29 5.40 3.50 15.20 1.80 7.30 5.40 1.13 5.23

JA1 2.54 0.29 8.49 12.55 1.45 23.20 1.00 3.70 3.20 1.25 5.03

LR1 0.99 0.01 6.83 3.50 1.45 3.40 1.40 4.20 4.30 0.47 6.23

JA2 2.60 0.32 8.38 13.00 1.30 23.60 2.00 3.80 3.10 0.00 6.13

G2 BF3 6.20 0.69 33.18 29.10 17.20 71.40 0.00 3.40 6.90 1.11 5.07

BF4 5.72 0.81 55.01 36.50 24.50 66.00 0.00 4.30 9.96 1.18 4.80

BF1 6.20 0.11 25.82 29.49 8.71 64.40 1.40 2.20 5.90 1.26 4.75

BF2 6.40 2.03 26.89 33.00 9.00 64.00 0.40 5.00 5.90 1.25 4.65

G3 JA4 2.30 0.70 20.49 15.00 6.50 22.00 0.00 3.70 6.25 0.72 5.67

JU4 1.95 0.93 11.46 14.00 8.50 30.00 0.00 2.80 3.42 0.55 5.98

JU1 2.01 0.40 4.99 10.02 4.98 19.40 0.00 1.50 1.80 0.26 6.68

PF3 0.57 0.37 10.13 2.20 3.30 4.00 0.40 0.30 6.11 0.51 7.18

LR4 0.95 0.09 13.42 3.20 1.10 4.40 0.10 7.60 9.15 0.81 5.89

PF4 0.98 0.59 15.72 2.40 4.30 4.60 0.40 4.60 8.59 0.42 6.63

JU2 2.30 2.49 6.28 13.10 2.90 20.60 0.00 2.30 2.20 0.26 6.39

G4 EM2 2.60 2.49 15.14 5.90 4.40 13.20 1.20 13.00 6.70 1.21 4.96

PF2 7.22 2.28 7.56 40.80 21.60 14.20 0.80 8.00 1.40 1.71 3.82

G5 EM3 1.93 0.61 37.79 4.20 5.80 12.20 0.00 8.90 16.90 0.75 5.80

EM4 1.98 0.67 35.72 4.60 5.70 12.80 0.10 9.30 15.74 1.02 5.46

G6 JA3 0.17 0.30 0.71 1.20 1.30 2.40 0.00 0.40 0.64 -1.33 9.67

JU3 0.30 0.24 1.97 1.80 1.50 3.00 0.00 0.50 1.54 -1.09 9.17

Note. EC = electrical conductivity; SAR = sodium absorption ratio; LSI = Langelier saturation index; RSI = 
Ryznar stability index. The initials of the localities (JA = Jacu, LR = Lagoa Rasa, EM = Ema, AL = Alagoinha, 
JU = Juazeiro, BF = Boa Fé, PF = Pau dos Ferros) are accompanied by the numbers 1, 2, 3, and 4, corresponding 
respectively to collection periods: E1; E2; E3, and E4.  

 

Another fact to be denoted is that the community of Boa Fé (Group 2), independently of the sampling period, 
shows a high dissimilarity to the others as a function of their ionic concentrations (Figure 2). 

The group 1 was composed from the smallest sum of squares of ECw and electrical conductivity values recorded 
were between 0.58 dS m-1 and 2.60 dS m-1 (Table 4). According to Ayers and Westcott (1999), except for the 
locality of Lagoa Rasa at the end of the rainy season - LR3 (ECw = 0.58 dS m-1), all water samples collected in 
the wells present a moderate risk of salinization, being necessary the adoption of irrigation management 
practices to avoid the accumulation of salts in the root zone, as for example the application of a leaching fraction. 
In relation to the risk of infiltration problems, samples AL1, AL2, AL3, AL4, PF1, EM1, JA1, LR1 and JA2 
presented no restriction, while LR1, LR2 and LR3 presented moderate restriction. In this group, only LR1 and 
JA2 showed no corrosive or fouling tendency, while the other samples showed a slight propensity to form 
incrustations, which can cause obstruction in emitters in the localized irrigation. 

It is also observed that only AL1 and AL2 showed no restriction due to Na+ toxicity, which may cause calcium 
deficiency to the culture, but all the samples listed in this group showed restriction due to Cl- toxicity (Ayers & 
Westcott, 1999).  
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According to Antas and Morais (2011), if the chloride is not adsorbed, it easily moves through the liquid fraction 
of the soil being absorbed by the roots and translocated by the transpiration to the leaves, where it accumulates 
and can produce damages. Its characteristic symptoms are necrosis and burns on the leaves. In fruit trees, 
symptoms of intoxication may appear from a 0.3% concentration of chloride. 

Group 2 was formed by the smallest sum of squares of LSI and was composed of samples collected in the 
community of Boa Fé (BF1, BF2, BF3, and BF4). In this group all the samples presented a high risk of 
salinization, since their ECw values (6.20, 6.40, 6.20 and 5.72 dS m-1) (Table 4) restrict their use in irrigation, 
except in specific conditions of management (Terceiro Neto et al., 2013) like the mixture of water of different 
salinities, cultivation of salinity-tolerant plants (Dias, Ferreira, Liu, & Suarez, 2016), or the use in hydroponic 
farming systems (Oliveira et al., 2017).  

Also in relation to Group 2, the high values of SAR (5.90, 5.90, 6.90, and 9.96 (mmolc L-1)0.5) present no risk of 
infiltration problems, since a high ECw can maintain clay partially flocculated. There would be a risk only when 
the EC is less than 1.9 dS m-1. However, the LSI and RSI values indicate that all samples of this group have 
tendency to cause incrustation. In addition, the concentrations of sodium and chloride confer a high degree of 
toxicity to these waters. 

In Group 3, formed by samples JA4, JU4, JU1, PF3, LR4, PF4 and JU2, were observed ECw equal to 2.30, 1.95, 
2.01, 0.57, 0.95, 0.98, and 2.30 dS m-1, respectively. Except for PF3, all samples were classified as moderate risk 
of salinization. The values of 6.25; 3.42; 1.80; 6.11; 9.15; 8.59, and 2.20 (mmolc L-1)0.5 were observed for SAR, 
representing moderate restriction concerning the risk of sodification, except for JU1 and JU2 which showed no 
restriction. It should be emphasized that the waters of this group have Ca2+/Mg2+ ratios lower than the unit in 
PF3 and PF4. According to Antas and Morais (2011), waters with values of Ca2+/Mg2+ ratio lower than the unit 
often cause calcium deficiency to the crop, due to the low levels of this element in relation to magnesium in the 
soil sorption complex and the competition between these cations by the exchange sites.  

Ayers and Westcott (1999) point out that the productivity of most crops is lower in soils with high magnesium 
contents, or when irrigation water contains high levels of this element, even when the infiltration is adequate. 
According to Maia and Rodrigues (2012) this is due to calcium deficiency induced by the excess of 
exchangeable magnesium in the soil. In this situation, the effects of sodium are slightly higher when it is present 
in the irrigation water, or in the soil solution, since, due to the lower attraction force presented by magnesium, 
there may be dispersion of the clays, generating problems of infiltration. Another characteristic inherent to the 
waters of this group is the low possibility of crust formation due to the low probability of precipitation of CaCO3. 
This fact reduces the incidence of emitter obstruction, since the LSI values are between 0.26 and 0.81 and those 
of the RSI are between 5.67 and 3.18.  

Group 4 presented the least similarity among its components. Possibly, if a larger number of groups were 
determined, these samples would not be grouped. However, EM2 and PF2 exhibit proximity in EC values and K+ 
concentrations. The samples show moderate restriction due to the risk of salinization and no restriction due to 
soil sodification. However, both have a high risk of obstruction in relation to the LSI values, and especially the 
RSI. The concentrations of Ca2+ and Mg2+ also differ from the other samples from the same community, 
presenting values of 40.80 and 21.60 (PF2) versus 10.30 and 5.30 (PF1); 2.20 and 3.30 (PF3) and 2.40 and 4.30 
mmol L-1 (PF4).  

Group 5, formed by EM3 and EM4, and Group 2, formed only by samples from the Boa Fé community, are 
composed of samples from a single community grouped due to their high SAR. The waters of these groups 
present moderate restriction due to the risk of salinization (1.93 and 1.98 dS m-1, respectively) and infiltration 
problems (16.90 and 15.74 (mmolc L-1)0.5), besides having low tendency of incrustation. However, their sodium 
concentrations exceed by more than ten times the threshold value of intoxication by this element. In addition, the 
Ca2+/Mg2+ ratio higher than the unit aggravates the problems of infiltration and can lead to calcium deficiency in 
crops.  

Group 6 presented the greatest dissimilarity in relation to the others and presented the only water samples with 
corrosive characteristics denoted by LSI larger than the unit and RSI higher than 9. This is due to its low 
buffering power due to the low concentrations of bicarbonate and carbonate. In addition, the waters do not 
present restriction due to the risk of salinization or infiltration problems, however, due to the low ECw values, 
salt leaching may occur in the root zone. 
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Table 5. Results of the hierarchical clustering analysis by the Ward method for the 28 points of collection of 
purified water by reverse osmosis at desalinations plants in the rural settlements of the West Potiguar 

Group Locality ECw  K+ Na+ Ca2+ Mg2+ Cl- CO3
2- HCO3

- SAR LSI RSI 
dS m-1  ----------------------------- mmolc L

-1 ----------------------------- 
G1 LR1 0.01  0.00 0.19 0.05 0.03 0.60 0.00 0.10 0.90 -3.34 13.54 

EM1 0.10  0.00 0.40 0.10 0.20 0.60 0.00 0.30 1.00 -1.86 11.37 
JU1 0.14  0.02 0.32 0.10 0.10 0.80 0.00 0.30 1.00 -2.55 12.08 
PF1 0.16  0.02 0.58 0.20 0.00 0.60 0.00 0.10 1.80 -2.49 12.20 
LR2 0.08  0.39 0.15 0.05 0.15 0.20 0.00 0.40 0.50 -2.68 12.36 
LR3 0.03  0.21 0.26 0.10 0.10 0.60 0.00 0.10 0.80 -3.24 13.18 
LR4 0.03  0.00 0.18 0.10 0.20 0.80 0.00 0.40 0.46 -4.01 13.35 

G2 AL1 0.17  0.02 0.67 0.30 0.40 0.80 0.00 0.70 1.10 -1.17 9.87 
BF1 0.33  0.02 1.50 0.36 0.44 2.00 0.00 0.20 2.40 -1.83 11.01 
JA1 0.29  0.02 0.70 0.22 0.48 1.00 0.00 0.30 1.20 -1.78 11.00 
JA2 0.29  0.02 0.70 0.50 0.30 2.00 0.00 0.30 1.10 -2.42 11.29 
AL4 0.15  0.03 0.83 0.40 0.20 1.60 0.00 0.70 1.52 -1.76 10.33 
JA4 0.18  0.03 0.90 0.90 0.30 2.60 0.00 0.50 1.17 -2.46 10.83 

G3 EM2 1.60  2.03 0.40 0.30 0.10 0.60 0.00 0.90 0.90 -2.24 10.92 
JU2 1.70  0.39 0.23 0.20 0.20 0.80 0.00 1.00 0.50 -2.09 10.91 

G4 AL2 0.10  0.39 0.66 0.60 0.20 0.80 0.00 0.90 1.00 -1.11 9.37 
BF2 0.40  0.95 2.02 0.70 0.20 2.20 0.00 1.00 3.00 -1.21 9.42 
PF2 0.31  0.44 0.66 1.40 0.60 2.00 0.00 0.60 0.70 -1.10 9.23 
PF4 0.17  0.05 0.08 0.90 0.10 1.20 0.00 0.90 0.12 -1.08 9.18 

G5 EM3 0.07  0.03 0.35 0.30 1.40 1.20 0.00 0.30 0.38 -1.72 10.75 
AL3 0.11  0.03 0.67 0.50 1.70 1.00 0.00 0.60 0.64 -1.32 9.84 
PF3 0.11  0.05 0.08 0.80 1.20 0.80 0.00 0.90 0.08 -1.14 9.28 
JU3 0.07  0.02 0.53 0.30 0.90 1.20 0.00 0.40 0.69 -2.10 11.00 
PF3 0.11  0.05 0.08 0.80 1.20 0.80 0.00 0.90 0.08 -1.14 9.28 
EM4 0.08  0.02 0.48 0.30 1.00 1.40 0.00 0.50 0.60 -1.84 10.64 

G6 BF3 0.30  0.04 2.84 0.40 0.50 4.20 0.00 0.20 4.23 -2.14 11.27 
BF4 0.30  0.03 2.08 0.20 0.30 3.20 0.00 0.30 4.16 -2.73 11.99 

G7 JA3 0.14  0.10 0.11 0.90 0.10 1.60 0.40 0.50 0.15 0.26 7.69 
Note. ECw = electrical conductivity of water; SAR = sodium absorption ratio; LSI = Langelier saturation index; 
RSI = Ryznar stability index. The initials of the localities (JA = Jacu, LR = Lagoa Rasa, EM = Ema, AL = 
Alagoinha, JU = Juazeiro, BF = Boa Fé, PF = Pau dos Ferros) are accompanied by the numbers 1, 2, 3, and 4, 
corresponding respectively to collection periods: E1; E2; E3, and E4.  

 

Samples from Group 2 were grouped according to the lower K+ variability and also did not present any 
restriction on the possibility of soil salinization. However, even with ECw values higher than those of Group 1 
(between 0.15 and 0.33 dS m-1), when the SAR was considered these waters classify as having increased and / or 
severe risk of infiltration problems, especially AL1, BF1 and JA1. Their values of Ca2+/Mg2+ were, respectively, 
0.75, 0.82 and 0.46, and JA1 presented Ca2+/ΣCations values equal to 0.15, boundary value below which there is 
a nutritional deficit of Ca2+.  

Samples EM2 and JU2 which form Group 3 (ECw equal to 1.60 and 1.70 dS m-1, respectively), present moderate 
risk of salinization of the soil and no risk of sodification, however, it is necessary to emphasize the low ratio 
Ca2+/ΣCations (0.11), below the threshold of 0.15 for EM2, which can induce calcium deficiency to crops. 

All samples from Group 5 have ECw values lower than 0.2 dS m-1 and a calcium concentration lower than that of 
Mg2+, which indicates their high tendency to cause infiltration problems. Although the samples from Group 6 
had the same ECw values for the two communities (0.3 dS m-1), they also presented a severe risk of sodification 
(RAS above 4.0 (mmolc L-1)0.5). In addition, their Ca2+/Mg2+ and Ca2+/ΣCations ratios were lower than the 
boundary values. 

3.3 Reject Brine from Reverse Osmosis 

The clustering analysis for the reject water resulted in the dendogram of Figure 3, composed of seven groups. 
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Table 6. Results of the hierarchical clustering analysis by the Ward method for the 28 points of collection of 
reject brine from osmosis reverses desalination plants in the rural settlements of the West Potiguar 

Group Locality ECw K+ Na+ Ca2+ Mg2+ Cl- CO3
2- HCO3

- SAR LSI RSI 
 dS m-1 ------------------------------- mmolc L

-1 ------------------------------- 
G1 LR1 1.48 0.01 10.24 4.10 1.80 5.00 1.80 7.10 6.00 1.16 5.31

EM1 2.98 0.29 15.85 5.80 5.60 20.40 1.20 9.10 6.60 1.08 5.23
AL1 1.54 0.17 4.51 10.07 0.93 8.80 0.80 6.50 1.90 1.18 5.02
JU1 2.97 0.58 6.96 16.80 5.10 27.00 0.60 2.00 2.10 0.87 5.54
PF1 2.24 0.29 8.49 9.00 6.14 11.60 0.60 2.50 3.10 0.82 5.78
LR3 1.15 1.39 8.93 4.10 1.80 6.20 1.70 7.00 5.20 1.23 5.24
AL3 1.50 0.56 12.99 6.20 8.00 9.40 0.20 6.00 4.88 1.09 5.42
LR4 1.31 0.04 19.25 3.70 2.50 6.00 0.20 10.80 10.93 1.11 5.37
AL4 1.51 0.35 10.27 8.70 6.60 9.60 0.00 9.80 3.71 1.08 5.10
PF4 1.74 1.15 26.36 3.70 7.40 8.20 0.60 6.50 11.19 0.87 5.80

G2 BF1 8.41 0.37 29.33 29.72 24.58 92.00 0.80 2.40 6.50 1.37 4.75
BF2 9.30 2.49 38.90 44.00 15.70 100.00 0.20 6.00 7.10 1.27 4.48
BF3 7.30 1.34 40.09 36.80 26.70 87.00 0.00 1.40 7.12 0.72 5.75
BF4 7.56 1.13 72.63 47.00 25.00 82.00 0.20 7.00 12.11 1.70 3.95
JA4 4.24 1.13 30.93 20.50 19.00 61.00 0.10 5.50 6.96 1.21 4.88

G3 JA1 6.23 0.88 29.33 24.90 3.20 60.60 2.00 7.00 7.80 2.07 3.67
LR2 1.80 2.13 13.01 4.30 2.80 7.40 3.00 15.00 6.90 1.84 4.33
EM2 3.48 2.44 19.14 7.00 6.20 18.20 2.00 19.00 7.40 1.60 4.34
AL2 2.00 3.67 3.64 11.80 2.30 10.20 2.20 10.40 1.40 1.88 4.00
JA2 6.30 3.00 29.87 25.30 3.20 56.00 0.80 8.40 7.90 1.61 4.17

G4 JU2 3.20 2.69 9.09 18.00 5.50 27.60 0.00 3.00 2.70 0.65 5.76
JU3 1.95 1.26 15.20 10.40 6.10 19.40 0.00 1.40 5.30 0.54 6.42
PF3 0.71 0.51 15.99 2.80 5.40 6.80 0.40 0.50 7.90 0.38 7.14
JU4 2.70 1.31 15.89 1900 11.50 37.00 0.00 2.50 4.07 0.57 5.89

G5 PF2 13.05 3.67 51.33 49.00 26.50 112.00 0.00 28.50 8.40 1.60 3.47
G6 EM3 2.40 0.99 48.30 10.00 2.40 14.80 0.00 12.10 19.40 1.15 4.90

EM4 2.51 1.04 46.36 9.30 2.70 16.40 0.20 13.80 18.93 1.47 4.54
G7 JA3 0.22 0.13 1.97 1.70 1.50 3.40 0.00 0.40 1.56 -0.69 8.89

Note. ECw = electrical conductivity of water; SAR = sodium absorption ratio; LSI = Langelier saturation index; 
RSI = Ryznar stability index. The initials of the localities (JA = Jacu, LR = Lagoa Rasa, EM = Ema, AL = 
Alagoinha, JU = Juazeiro, BF = Boa Fé, PF = Pau dos Ferros) are accompanied by the numbers 1, 2, 3, and 4, 
corresponding respectively to collection periods: E1; E2; E3, and E4. 

 

In Lagoa Rasa and Pau dos Ferros in E4 (LR4 and PF4), with respect to ECw and SAR, the classifications in 
no-risk or moderate risk of sodicity were observed, even with high values (10.93 and 11.19 (mmolc L-1)0.5). This 
is due to the high EC values, since the presence of high calcium concentrations minimizes the dispersing effects 
of sodium.  

However, PF4 deserves more caution regarding its use, since it does not have enough calcium to neutralize the 
dispersive effects (Ca2+/Mg2+ = 0.50), with Na+ being the cation that contributes most to its EC. Regarding to 
toxicity, all the samples presented concentrations of sodium, chloride and bicarbonate that classifies them as 
having a strong to severe risk. Regarding the formation of incrustations, these waters have a slightly fouling 
tendency due to its LSI > 1 and RSI < 6.  

Group 2, similar to Group 1, was formed due to the lower variability of the sum of squares of HCO3
-. The waters 

of this group present severe restriction regarding salinization due to their high ECw, whose values make 
practically impracticable the use of these water for irrigation. In similar works, Oliveira et al. (2017) and Anders 
et al. (2017) found that between the wells analyzed, respectively 93.60 and 90% of the wastewater samples from 
desalinators presented increasing or severe risk of soil salinization. The authors state that these waters are not 
suitable for irrigation under normal conditions and may be used on soils with good drainage, provided that 
adequate leaching depth is applied and salt tolerant crops are used. According to Almeida Neto and Matos (2009), 
waters of this type cannot be used in soils that have poor drainage and even in soils with good drainage, it may 
be necessary to adopt special practices to control salinity, besides the use of species that are very tolerant to salts. 
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Group 3 also presents samples with moderate to severe risk of salinization, high risk of sodium and chloride 
toxicity, and moderate risk of emitter obstruction. Two of the five samples from this group belong to the 
community of Jacu, and the other samples belong to the communities of Ema, Alagoinha and Lagoa Rasa. 

Group 4 has samples from the Juazeiro community in three of the four sampling periods, as well as Pau dos 
Ferros in the third sampling. The latter is worth mentioning because of the low danger of salinization and high 
risk of problems with infiltration due to its low ECw and high SAR. In addition, this is the only sample with LSI 
and RSI balanced, that is, without corrosive or fouling tendencies, while the other components of the group have 
slight fouling tendency.  

The locality of Pau dos Ferros, in the second sampling, and Jacu, in the third sample, present a high dissimilarity 
of the other samples and, therefore, are the only samples of their groups (5 and 7, respectively), the first one 
because of its high and the second by their low concentrations of salt. It should be emphasized that, while all 
other samples of wastewater presented fouling trends, JA3 has corrosive tendencies, so it does not appear in any 
of the groups, being classified separately.  

Group 6 had the lowest Euclidean distance between its components, possibly because they belonged to the same 
community and were collected during the rainy season.  

4. Conclusions 
The brackish water of the studied region presented moderate to severe restriction with respect to the salinity and 
toxicity of sodium and chloride. 

Purified water showed moderate to severe restriction with respect to sodicity. 

The reject brine from osmosis reverse desalination plants had severe restrictions to use of irrigation crop due risk 
of salinization, sodium and chloride toxicity. 
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