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ABSTRACT

Reverse osmosis is the technology commonly used to produce fresh water from brackish
groundwater. Due to the reject brine generated in desalination plants by reverse osmosis,
vulnerability assessment to define critical areas to monitor waters from desalination has
been an imlportant tool for delineating the monitoring networks required for surveillance
of potential salinization sites. The objective of this study was to assess the quality of waters
sampled in desalination plants by a quality index, which provides a relative assessment of
water vulnerabili‘?l to potential salinization. The present study proposes an index to assess the
quality of waters from desalination plants initially using the chemical parameters electrical
conductivity, sodium adsorption ratio, Mg**/Ca*" ratio, and the ions sodium, chloride and
bicarbonate. The index to assess qualitly of waters from desalination E)lants showed good
performance and can include additional parameters referring to the soil and crop exploited.
High values of the relative index of quality of waters from desalination plants are considered
as possible indicators of risk of soil salinization and groundwater contamination. The highest
level of land use impact on the quality of waters from desalination plants was found in reject
brine samples followed by well water samples.

Palavras-chave:

saliniza¢do do solo

agua de pogo salino
contaminacdo do lengol fredtico

Proposta de indice para avaliacao da qualidade
das aguas de estacoes de dessalinizacdo

RESUMO
A osmose reversa ¢ uma tecnologia amplamente conhecida para purificar as 4guas dos pogos
salinos. Devido a geracdo do rejeito salino nas estacdes de dessalinizagao por osmose reversa,
aavalia¢do da vulnerabilidade para definir as areas criticas de monitoramento das aguas do
processo de dessaliniza¢do tem sido uma ferramenta importante para delinear as redes de
monitoramento necessarias para a vigilancia de possiveis locais de saliniza¢do. Objetivou-
se neste estudo avaliar a qualidade das dguas amostradas em estacdes de dessaliniza¢ao na
Mesorregido do Oeste Potiguar Brasileiro por meios de um indice de qualidade capaz de
fornecer uma avaliacio relativa da vulnerabilidade das dguas ao potencial de salinizacéo.
O presente estudo propde um indice de avaliacdo da qualidade das 4guas das estacdes de
dessalinizagdo utilizando inicialmente os parametros quimicos condutividade elétrica,
relacdo de adsorgao de sédio, relacdo Mg**/Ca* e os fons sddio, cloreto e bicarbonato. O
indice de avaliagao da qualidade das aguas das estagdes de dessalinizagdo apresentou bom
desempenho, podendo ser acrescido de pardmetros referentes ao solo e a cultura explorada.
Os altos valores de indice relativo de qualidade das dguas das estagdes de dessalinizagdo sao
apontados como indicadores de possiveis riscos de saliniza¢io de solos e de contaminagio
e aquiferos subterraneos. O maior grau de impacto do uso da terra em consequéncia da
qualidade das éﬁuas de estagdes de dessaliniza¢do foi registrado em amostras de rejeito
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salino seguidas das dguas de pogos.
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INTRODUCTION

In the semi-arid region, due to the irregular rainfall regime,
agricultural production is limited because the low rainfall
levels do not meet crop water needs; thus, the adoption of
irrigation becomes necessary (Andrade et al., 2012; Silva et
al., 2014). As a guarantee of food and nutritional security for
rural families, groundwater is used for consumption and in
agricultural production. However, most of these sources of
water have restrictions on use due to salinity.

However, applying the technology of desalination by
reverse osmosis allows the utilization of saline and brackish
waters, which can then be used for human consumption (Dias
etal., 2010), despite the production of reject brine as a limiting
factor (Bush et al., 2016; Khanzadaa et al., 2017).

Thus, the vulnerability assessment to define critical areas
for monitoring waters from the desalination process is an
important tool to delineate the monitoring networks for the
surveillance of possible sites of salinity in localities which have
treatment stations to purify the waters.

Tyagi etal. (2013) claim that quality indices aim to provide a
single value for the quality of a water source, because it reduces
the number of parameters in a simple expression, resulting in
easy interpretation of water quality monitoring data. Despite
this advantage, no index has been universally accepted and they
need to be adapted to the local specific conditions (Rodrigues
et al., 2007).

Taking these aspects into consideration, this study aimed
to evaluate the quality of waters sampled in desalination
plants in the Oeste Potiguar mesoregion, RN, Brazil, using a
quality index capable of providing a relative assessment of the
vulnerability of the waters to potential salinization.
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MATERIAL AND METHODS

Sample collection was conducted from October 2013 to
November 2014 in seven communities of the Oeste Potiguar
Mesoregion, Rio Grande do Norte state, Brazil (Figure 1), with
units of water sampling and treatment by desalination.

The climate in this region can be classified as Bsw’h’
Regarding rain distribution, there are two well-defined seasons
and a period of expected rains which extends from January to
May, with mean annual rainfall of 612.4 mm, mean temperature
0f 26.1 °C, minimum of 21.2 °C and maximum 32.0 °C, and a
potential evapotranspiration of 1,552.40 mm year' (SEMARH,
2009).

All water samples were collected in four sampling periods
in the desalination plants of seven communities: Boa Fé -
Mossord; Alagoinha - Mossord; Lagoa Rasa - Apodi; Juazeiro
- Apodi; Alagoinhas - Pau dos Ferros; Jacu - Francisco Dantas,
and Ema - José da Penha (Figure 1).

The samples were collected in four periods, at 3-month
intervals, in each community, in order to represent and cover
all seasons of the year, observing the behavior of the alterations
in the waters: P, - October/November (2013), dry period with
virtually no rains; P, — February/March (2014), beginning of
rainy period; P, - June/July (2014), end of rainy period, and
P, — October/November (2014), completing the 12-month
cycle, again in the dry period.

Water from three sources were collected in each community:
brackish well water — without any treatment; purified waters
and reject brine. The collections were carried out after the
desalinator had been in operation for 5 min. The samples
were stored in 500-mL opaque plastic bottles, hermetically
sealed, which were placed in thermal box with ice and taken
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Figure 1. Map of soils (IBGE) of the experimental area, Oeste Potiguar Mesoregion - RN, Brazil, with the location of

points collected at the beginning of the study
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for laboratory analysis at the Federal Rural University of the
Semi-Arid - UFERSA.

The following parameters were evaluated: electrical
conductivity (EC, dS m™'), hydrogen potential (pH),
concentrations of sodium (Na*), calcium (Ca?"), magnesium
(Mg*"), potassium (K*), chloride (CI), carbonate (CO,*)
and bicarbonate (HCO,) in mmol_L", according to the
methodology proposed by Richards (1954). Additionally,
sodium adsorption ratio (SAR) was also calculated to classify
the samples with respect to the risk of sodification and
problems of infiltration in the soil caused by water sodicity.

To analyze the data, 11 indicators of irrigation water quality
were studied, which were used to determine the water quality
indices. The results of these analyses were entered into a
spreadsheet, whereas statistical analyses were carried out using
the program Action Stat®. To evaluate well water, desalinised
water and reject brine, the samples were classified using the
Excel application, considering the guidelines of FAO. The
quality of the water for irrigation aiming its agricultural use
and adequate irrigation management was evaluated according
to the methodology proposed by Ayers & Westcott (1999).

The relative index to assess water quality for irrigation
(IRQI) was designed based on the IRQ (Fernandes & Loureiro,
2006), considering the parameters electrical conductivity, SAR,
concentrations of sodium, chloride and bicarbonate and the
Mg?**/Ca* ratio, because these parameters are related to the
problems of salinity, toxicity and infiltration.

The maximum value allowed (MVA) was adopted as
0.7 dS m™ for EC, 3.0 (mmol L")** for SAR, 3.0 mmol_L"' for
CI, 1.5 mmol_ L for HCO, and 1 for Mg**/Ca’* ratio, since
these are the values below which there is no restriction to use
the water for irrigation, according to Ayers & Westcott (1999).

RESULTS AND DISCUSSION

Tables 1, 2 and 3 illustrate the data of water quality
according to the indices of the parameters. The more distant
from the ideal value, which is zero, the worse the quality of the
water. For desalinised water, the lowest index of the parameters
occurred for EC in Lagoa Rasa and Pau dos Ferros (0, in P ),
while the highest index was found for Mg?*/Ca*" ratio (5.53)
in the EMA community in P,.

This parameter was preponderant for this sample to exhibit
the highest IRQI for desalinised water (0.96). Lagoa Rasa and
Pau dos Ferros had the largest number of parameters with
minimum index, whereas Boa Fé had more parameters with
the highest value for V,, in sodium, chloride and SAR in P,
(0.19, 0.16 and 1.00, respectively) and for bicarbonate in P,
(0.20) (Table 1).

Except for the index already cited relative to EMA, all
samples of desalinised water obtained indices lower than 1.
In 57.14% of the samples, the V, index of the Mg**/Ca*" ratio
was higher than 1, requiring attention in this regard since the
higher this index, the lower the proportion of Ca in relation
to Mg. According to Ayers & Westcott (1999), the lower
this proportion, the higher the probability of occurrence of
infiltration problems due to the intensification of the dispersing
effects of Na, compared with the flocculating effect of Ca.
In addition, crop yield seems to be lower in soils with high
contents of Mg, or when irrigation is conducted using waters
with high levels of this element, even when infiltration is
adequate. Maia & Rodrigues (2012), proposing a water quality
index, reported that yield loss is due to Ca deficiency induced
by the excess of exchangeable Mg in the soil.

Table 1. Indices of the deviations of the indicators for desalinised water

P, 0.00 0.01
P, 0.03 0.01

Lagoa Rasa P, 0.01 0.02
P, 0.01 0.01

P, 0.04 0.03

P, 0.64 0.03

EMA P, 0.03 0.02
P, 0.03 0.03

P, 0.07 0.04

. P, 0.04 0.04
Alagoinha P, 0.04 0.04
P, 0.06 0.05

P, 0.13 0.10

; P, 0.16 0.13

Boa Fé P, 0.12 0.19
P, 0.12 0.14

P, 0.12 0.05

P, 0.12 0.05

Jacu P, 0.06 0.01
P, 0.07 0.06

P, 0.06 0.02

_ P, 0.68 0.01
Juazeiro P, 0.03 0.03
P, 0.02 0.03

P, 0.06 0.04

P, 0.16 0.04

Pau dos Ferros P, 0.04 0.01
P, 0.07 0.01

0.02 0.02 0.21 0.71 0.16
0.01 0.08 0.12 3.55 0.63
0.02 0.02 0.19 1.18 0.24
0.08 0.08 0.11 2.37 0.44
0.02 0.06 0.24 2.37 0.46
0.02 0.18 0.21 0.39 0.25
0.05 0.06 0.09 5.53 0.96
0.05 0.10 0.14 3.95 0.72
0.03 0.14 0.26 1.58 0.35
0.03 0.18 0.24 0.39 0.15
0.04 0.12 0.15 4.03 0.74
0.06 0.14 0.36 0.59 0.21
0.08 0.04 0.57 1.45 0.39
0.08 0.20 0.71 0.34 0.27
0.16 0.04 1.00 1.48 0.50
0.12 0.06 0.98 1.78 0.53
0.04 0.06 0.28 2.58 0.52
0.08 0.06 0.26 0.71 0.21
0.06 0.10 0.04 0.13 0.07
0.10 0.10 0.28 0.39 0.17
0.03 0.06 0.24 1.18 0.26
0.08 0.20 0.12 1.18 0.37
0.05 0.08 0.16 3.55 0.65
0.05 0.06 0.18 0.79 0.19
0.02 0.02 0.42 0.00 0.09
0.08 0.12 0.16 0.51 0.18
0.03 0.18 0.02 1.78 0.34
0.05 0.18 0.03 0.13 0.08

P, - First sampling period; P, — Second sampling period; P, — Third sampling period; P, Fourth sampling period

R. Bras. Eng. Agric. Ambiental, v.22, n.10, p.667-672, 2018.
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Table 2. Indices of the deviations in the indicators for brackish well water

P, 0.39 0.45 0.13 0.86 101 0.49 0.56
P, 0.4 0.48 0.16 157 0.99 0.74 073

Lagoa Rasa P, 0.23 0.33 0.15 155 0.78 0.61 0.61
P, 0.38 0.88 017 155 216 0.41 0.92

P, 0.86 0.74 058 149 127 0.77 0.95

- P, 1.04 0.99 051 266 158 0.88 127
P, 0.77 2.6 0.47 182 3.08 164 186

P, 0.79 233 0.49 1.90 371 147 178

P, 0.43 0.17 0.24 102 033 0.36 0.43

. P, 0,50 0.18 0.28 133 0.28 0.44 0,50
Alagoinha P, 0.43 0.37 0.24 102 0.68 0.36 052
P, 0.41 0.37 0.23 102 068 0.34 051

P, 2.47 168 2.47 0.45 139 0.35 147

S0 Fé P, 255 175 245 102 139 0.32 158
P, 2.47 216 273 0.69 163 0.70 173

P, 208 359 253 0.88 2.35 0.79 2.07

P, 101 0.5 0.89 0.76 0.75 0.14 068

e P, 104 055 0.90 078 073 0.12 0.69
P, 0.07 0.05 0.09 0.08 0.15 128 0.29

P, 0.92 134 0.84 0.76 147 051 0.97

P, 0.80 0.33 0.74 0.31 0.42 0.59 053

. P, 0.92 0.41 0.79 0.47 052 0.26 056
Juazsiro P, 0.12 0.13 0.11 0.10 0.36 0.99 0.30
P, 078 0.75 115 057 0.81 0.72 0.79

P, 0.84 0.49 0.41 0.65 0.64 0.61 0.60

P, 0.92 0.49 054 163 033 0.63 0.76

Pau dos Ferros P, 0.23 0.66 0.15 0.06 1.44 178 072
P, 0.39 103 018 0.94 2.02 212 111

P, — First sampling period; P, — Second sampling period; P, — Third sampling period; P,— Fourth sampling period

Table 3. Indices of the deviations of the indicators for reject brine

P, 059 0.67 0.19 145 141 0.52 0.81
P, 072 0.85 0.28 3.07 163 0.77 122

Lagoa Rasa P, 0.46 058 0.24 143 122 0,52 0.74
P, 052 1.26 0.23 201 257 0.80 126

P, 119 103 078 186 155 114 126

A P, 139 125 0.70 3.88 174 105 167
P, 0.96 315 057 247 457 0.28 2.00

P, 1.00 3.02 063 2.82 4.46 0.34 205

P, 061 0.29 0.34 133 0.45 011 052

. P, 0.80 0.24 0.39 213 033 0.23 0.69
Alagoinha P, 0.60 0.85 0.36 123 115 153 0.95
P, 0.60 0.67 0.37 2.00 0.87 0.90 0.90

P, 3.35 191 352 0.49 153 0.98 1.96

Soa P P, 371 254 3.83 123 167 0.42 223
P, 201 261 333 0.29 168 0.86 195

P, 3.01 474 314 143 285 0.63 263

P, 248 191 232 143 184 0.15 169

o P, 251 195 214 172 186 0.15 172
P, 0.09 0.13 013 0.08 0.37 105 031

P, 169 2.02 233 112 164 110 165

P, 118 0.45 103 0.41 0.49 0.36 0.66

. P, 127 0,59 1.06 0.61 0.64 0.36 0.76
P, 078 0.99 0.74 0.29 1.5 0.69 0.79

P, 1.08 1.04 142 051 0.96 0.72 0.95

P, 0.89 0.5 0.4 051 073 0.1 0.66

P, 550 3.35 429 5.82 198 0.64 3.60

Pau dos Ferros P, 0.28 1.04 0.26 0.10 1.86 2.08 0.97
P, 069 172 031 133 264 237 151

P, — First sampling period; P, — Second sampling period; P, — Third sampling period; P,~ Fourth sampling period

For brackish well water, the indices of the deviations in  third sampling period had the lowest indices in four of the
the indicators remained between 0.05 for Na in P, in Jacu  six parameters evaluated (EC, sodium, chloride and SAR)
and 3.98 for SAR in P, in EMA. The Jacu sample in the (Table 2).
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This community and period also had the lowest value
of IRQI among the samples of brackish well water (0.29).
Oliveira et al. (2017) classified the water of this well as with
no risk of salinity and toxicity by sodium and chlorides, but
with accentuated risk of infiltration problems due to its EC,
compared with the SAR.

Boa Fé had the highest indices of the deviations for
EC (2.55dS m" in P ), sodium (3.59 mmol_ L' in P,) and
bicarbonates (2.73 mmol_L"in P ), besides the highest IRQI for
brackish well water (2.07 in P,). This community has the highest
EC values for well water, varying from 5.72 to 6.40 dS m™!, which
prevents its use, expect under technical management conditions
such as: mixture of waters and utilization in hydroponic systems.

For reject brine, the lowest indices were found in Jacu in
P, (EC, sodium, chloride and bicarbonate) and in Alagoinha
(SARin P, and Mg**/Ca*" in P,), whereas Pau dos Ferros in P,
had the highest indices for EC, chloride and bicarbonate (P,)
and Mg**/Ca* (P,), and EMA had the highest value for SAR
(P,). In general, these waters are inadequate for use in irrigation
due to their high salinity levels (Table 3).

In similar study, Anders (2013) claimed that, among the
analyzed samples of reject, 60% showed extreme risk of soil
salinization by irrigation, whereas the remaining 40% were
classified as with high risk of soil contamination by the excess
of soluble salts. Thus, they were not adequate for irrigation
under normal conditions and could only be used under special
conditions of soils with good drainage, provided that special
practices to control salinity are applied, such as leaching
fraction, and salt-tolerant crops are used.

The behavior of IRQI for the analyzed samples is
represented in Figure 2. The samples were divided into five
classes, namely: Class I, Class II, Class Il and Class IV. Class I,
comprising waters with IRQI lower than 0.3, has 17.86% of all
samples. This class has waters of lower environmental impact
and that do not have significant loss of quality. Approximately
50% of desalinised water samples and 4% of brackish well water
samples are found in this class. These waters have good quality
and low environmental impact, for instance, the desalinised
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water of Alagoinha in P, and brackish well water of the Jacu
community in P_.

Class II contains waters with 0.3 < IRQI < 0.6 comprising
21.43% of all samples; 32.14% of desalinised water samples,
28.57% of brackish well water samples and 7.14% of reject brine
samples. Samples in this class have lower quality than those
in Class I and require more attention to management and use
conditions since they already pose moderate environmental
risk. The only samples of reject brine classified in this group
were collected in the Jacu community in P, and Alagoinha in
the first sampling period.

Among the 84 samples analyzed, 23.81% are in Class III,
with IRQI from 0.6 to 0.9. 14.29% of desalinised water samples,
28.57% of brackish well water samples and 28.57% of reject
brine samples fit in this classification. This class has significant
loss of quality in relation to the ideal standard, which requires
very specific conditions for its application in irrigation, such as
crops resistant to toxicity and to salinity and soils with efficient
drainage. The Class IV comprises values from 0.9 to 1.2 with
extremes for IRQI, containing 9.52% of all samples; 3.57% of
purified water, 14.29% of brackish well water and 10.71% of
reject brine. Waters in this class are highly risky to be used
in irrigation because they can cause damages to the soil and
reduce crop yield.

The Class V comprises waters with IRQI higher than 1.2.
This class contains 26.19% of all samples; 25% of brackish
water samples and 53.57% of reject brine samples. Waters in
this group have lower quality since this is the group with values
furthest from the ideal IRQI, which is zero. These waters can be
used under extremely specific conditions, such as hydroponic
cultivation, because of their high salinity level, which increases
the osmotic potential and hinders water absorption by crops,
besides depositing large amount of salts in the soil.

Water quality indices have been reported by various authors
as a beneficial tool to assess the level of land use impact on the
quality of waters from different sources (Pesce & Wunderlin,
2000; Swamee & Tyagi, 2000; Liou et al., 2004; Tyagi et al., 2013).

RARER A RARAAR AR ARRARRRRRRRAARE |

- ———
o

RBF2

A
RIA4 ==
RJU3 o

Reject Brine
Samples

-------------- CLASS III CLASS IV

D, B, R — Water sources; LR - Lagoa rasa; EM — Ema; AL — Alagoinha; BF - Boa fé; JA — Jacu; JU — Juazeiro; PF - Pau dos Ferros
Figure 2. Behavior of the relative index of water quality for irrigation (IRQI) for water purified by reverse osmosis,

brackish well water and desalination reject brine
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CONCLUSIONS

1. The index to assess quality of waters from desalination
plants showed good performance and can include additional
parameters referring to soil and the crop exploited.

2. High values of the relative index of quality of waters from
desalination plants are pointed as indicators of possible risks
of soil salinization and groundwater contamination.

3. The highest level of land use impact on the quality of
waters from desalination plants was found in reject brine
samples, followed by samples of well water.
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