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Abstract 

The objective of this work was to assess the physicochemical and microbiological characteristics, as well as the 
potential of salinization and sodification of groundwater wells in Limoeiro do Norte, Ceará states, Brazil. Six 
water wells were selected for the study, all of them used for irrigation and human consumption. The ionic 
classification was performed by Piper Diagram and the salinity risk using the U.S.S.L. (United States Salinity 
Laboratory) Diagram using Qualigraf software. Based on the average chemical element concentration (mmolc L

-1) 
in the groundwater, the following quantification is obtained: Na+ > Ca2+ > Mg2+ > K+ for cations. For anions 
there was a change in the the wells, for the 1, 3 and 4 Cl- > HCO3

- > SO4
2- > CO3

2- and wells 2, 5 and 6 HCO3
- > 

Cl- > SO4
2- > CO3

2-. The wells 1, 2 and 3 have severe restrictions for use by SAR (sodium absorption ratio) and 
Na+ content. Water from wells 1, 3 and 5 were classified as sodium chloride, 2 and 6 were classified as sodium 
bicarbonate and well 4 as calcium magnesium sulfate. With the exception of well 6 classified as freshwater, all 
other wells were classified as brackish water. Groundwater samples fall in C3S1 or C3S2 category with high 
salinity and low or medium sodium hazard. With the exception of Na+, whose value was above the limit allowed, 
no well with groundwater was detected chemical hazard for human consumption. There was the detection of 
Total coliforms, but in well 5 the presence of Thermotolerant coliforms was detected.  

Keywords: coliforms, piper’s diagram, salinity, sodification, water hardness 

1. Introduction 

Although the earth has approximately 70% of its surface in water, 97.5% of this percentage is salt water. Of 
2.5% of fresh water remaining, 29.9% of this percentage is of groundwater (Ministério do Meio Ambiente 
[MMA], 2018). The unsustainable use of water for the production of large-scale crops depletes and contaminates 
aquifers, reduces the flow of rivers, degrades the habitats of the life of the flora and fauna, decreasing the 
availability and quality of water resources (FAO, 2011). In Brazil, the annual gross amount of water extracted 
from aquifers, including the withdrawal of renewable primary and secondary groundwater, as well as water from 
over-abstraction of renewable groundwater or withdrawal from fossil groundwater has been estimated at 109 
m3/year (2013-2017) (FAO, 2017).  

Due to climatic conditions, characterized by short, irregular, concentrated rainfall, followed by dry periods, with 
high temperatures and high evaporation rates, typical of the semi-arid climate, reduces hydraulic recharge of 
rivers and increases water exploration groundwater. Associated with this, water demand has increased due to 
population growth, the need to produce more food and growth in the industrial sector, beyond qualitative 
deterioration of surface water resources, make groundwater extremely important, capable of functioning as a 
strategic reserve and influencing political-socioeconomic development of any community. The work López et al. 
(2019) in Masaya (Nicaragua) highlights the importance of carrying out water quality studies, especially in rural 
communities, where the continuous control of quality analytical parameters are scarce and in certain cases 
non-existent. These authors found a high concentration of total coliforms in the taps, mainly due to the filtration 
of anthropogenic or waste residues animals.  
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Groundwater is less contaminated by biological and chemical factors than surface water resources because they 
are not exposure to pollution (Eckhardt, Diedrich, Ferreira, Strohschoen, & Demaman, 2008). However, the 
water from these wells is not free from contamination, and the hazard of microbiologically contaminated water 
can be high. Research by Silva et al. (2014) supports that septic tanks, inadequate disposal of solid waste, fuel 
stations and modern agriculture using pesticides and fertilizers are responsible for the contamination of 
groundwater by pathogens (bacteria, viruses and protozoa) and by organic substances and inorganic. 

In the region of Limoeiro do Norte, Ceará states, Northeast Brazil, groundwater resources are an important 
source potable water of supply for urban and rural communities. The wells in use with higher water availability 
were found in the Açu (125.22 m3 h-1), followed by Jandaíra (112.36 m3 h-1), Fissural (41.46 m3 h-1) and Aluvião 
(11.83 m3 h-1) aquiferes, the most explored being Aquifer Jandaíra (Morais, Rocha Filho, Cordeiro, Figueiredo, 
& Rosa, 2005). The use of water from these wells has increased in recent years in this region due to irregularities 
in the rainy season and the decrease in average rainfall in the region.  

Thus, physical-chemical and microbiological monitoring of groundwater quality is an important management 
tool, enabling decision making by environmental agencies and communities. The objective of this work was to 
analyze the physical, chemical and microbiological characteristics of groundwater and its hazard for salinization 
and sodification, in Limoeiro do Norte-CE, Brazilian semi-arid region.  

2. Method 

The research was conducted in the Municipality of Limoeiro do Norte, Ceará states, Brazilian semi-arid region, 
which is an integral part of the Baixo Jaguaribe watershed, located at 05º08′44″ S latitude and 38º05′53″ W 
longitude, with altitude of 30 m. The local climate was classified as BSh, according to Köppen, mean annual 
temperature of 26.5 °C. and annual rainfall less than 700 mm, with o rainy period extends from February to June, 
and Caatinga vegetation (Alvares et al., 2014). Cretaceous sandstones and conglomerates (Açu Formation) and 
by Cretaceous limestones (Jandaíra Formation) represent the stratigraphy, that occurs in almost all its domain. 

The criterion for selection of areas was established considering the site where underground wells were used for 
irrigation of some agricultural crops, as well as for human consumption. In this case, 1 well was selected in the 
urban area and 5 in the rural communities, whose description is shown in Table 1.  

 

Table 1. Name of the property, location and history of soil management on the underground wells in Limoeiro do 
Norte, Ceará State, Brazil 

Number of  

underground wells 

Name of the  

property 
Location Present crops Previous crops Soil management 

1 
Várzea do Cobra  

rural community 

5°07′35.8″S 

38°03′19.9″W 
Fruit variety farming  Native forest 

Chemical and organic 

fertilization; weed control 

2 
Quixaba rural 

community 1 

5°11′11.5″S 

38°06′21.6″W 
Lemon farming Banana Organic fertilization 

3 
Quixaba rural 

community 2 

5°11′11.5″S 

38°06′31.6″W 
Elephant grass; brachiaria Lemon farming Harrowing and plowing soil  

4 
Bom Fim rural 

community 

5°09′27.2″ S  

38°05′27.7″W 
Tifton grass Banana 

Chemical and organic  

fertilization 

5 
João Eudes rural  

community 

5°11′31.3″S 

38°06′30.5″W 
Brachiaria Native forest 

Harrowing and plowing soil; 

Chemical fertilization. 

6 Urban area 
5°08′58.4”S 

38°05′27.7″W 

Fruit variety and  

vegetable farming 
Fruit variety farming

Chemical and organic  

fertilization; weed control 

 

Data were collected in the dry season. For the collection of water from the underground wells, 500 ml clear 
plastic pet bottles were used. Before collecting, the pet bottles were washed three times with the water from the 
sampling source and the water collected from wells after the water flow for 60 seconds. Chemical analysis 
carried out on electronic equipment were: pH; Electric conductivity; potassium and sodium. The parameters 
alkalinity, total hardness, calcium, magnesium, chloride and carbonates were determined by the titrator method. 
All chemical analyzes were performed in triplicate. The analysis procedures were carried out in the Laboratory 
of Analysis of Soil, Water and Plant at Universidade Federal Rural do Semi-Arid (UFERSA) in accordance with 
the Standard Methods for the Examination of Water and Wastewater-SMEWW (American Public Health 
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Association [APHA], 2005). The temperature values were determined in situ using a laboratory thermometer 
(ranging from -10 °C to +110 °C) and turbidity using the turbidimeter.  

Microbiological analyzes of water were performed using Sterile Disposable specimen cup with lid, Individual, 
70 mL Capacity. Samples were collected directly from wells after flow for 60 seconds. These vials were packed 
in an ice box cooler for the preservation of the sample, delaying biological changes that occur after removal from 
the environment. Afterwards, they were taken to the Laboratory of Limnoágua at UFERSA for microbiological 
analysis. Total and Thermotolerant Coliforms (faecal coliforms) were analyzed according to the methodology of 
the National Health Foundation (Fundação Nacional de Saúde [FUNASA], 2014). 

A completely randomized design with 5 replicates was used, and the means were compared by the Tukey Test at 
5% probability. The Piper Diagram and U.S.S.L. Diagram (United States Salinity Laboratory), were used for the 
ionic classification and salinity hazard, respectively. In addition, the content of Total Dissolved Solids was 
estimated. Qualigraf software, version 1.17, 2017 (Fundação Cearense de Meteorologia e Recursos Hídricos 
[FUNCEME], 2018) was used for all classifications.  

3. Results and Discussion 

The temperature values of underground water ranged 22.0-24.9 ºC (Table 2). There was no significant 
temperature change to the point of altering water quality, or characterizing it as thermal pollution. Analyzing 
underground wells in the city of Uba, state of Minas Gerais, Brazil, Moreira, and Condé (2015) found average 
temperatures similar to these 22 ºC wells. With the objective of evaluating the groundwater quality from deep 
non-draft tubular wells, in the rural community of the city of Areia, state of Paraiba, Oliveira (2018) found water 
temperature variation according to the months, in November, December and January water temperatures had 
reached 27, 26 and 24 ºC, respectively.  

Turbidity ranged 1.02-6.48 NTU when all sampling points were considered. Only underground wells 1 and 2 had 
turbidity values above the acceptance standard for human consumption (Table 2), according to WHO 
Consolidation Order n°5, of October 3, 2017 by the Ministry of Health (Brasil, 2017). Turbidity above the 5 
NTU limit may cause population rejection due to its turbid appearance, but water will not necessarily cause 
health damage, especially if the water meets other parameters, such as microbiological parameters (absence of 
total coliforms and Escherichia coli). Turbidity is not a commonly used parameter for analyzing water quality for 
irrigation. Groundwater generally has low turbidity values, due to soil and rock filtering action (Obiefuna & 
Sheriff, 2011).  

The results of the chemical analyzes are shown in Table 2. The pH ranged 7.6-7.9, considered alkaline, and there 
was no significant difference between the wells. Lópes et al. (2019) analyzing physicochemical parameters water 
in the community El Comején, Masaya-Nicaragua found similar pH values (7.81-7.94). There is no restriction on 
the use of this water in irrigation, since the usual interval in irrigation water is between 6.0 and 8.5 (Almeida, 
2010). In the same region of this study, Chapada do Apodi-CE, Fernandes et al. (2005) found lower values than 
in this study with average pH 6.9 in water underground.  

The lowest value electrical conductivity (EC) was 0.76 dS m-1 in well 6. The other wells were statistically equal 
with average EC 1.37 dS m-1. There is no health damage or irrigation restrictions. EC values range 0-3.0 dS m-1 
have not irrigation restriction (Almeida, 2010). Analyzing groundwater in the municipality of Pombal-PB, 
Crispim, Oliveira, Chaves, Coelho, and Andrade (2017) found EC values ranged 1.16-1.22 dS m-1, with an 
average EC of 1.20 dS m-1. In the Chapada do Apodi-CE, Fernandes et al. (2005) found average values EC 1.95 
dS m-1 higher than that of this study. The groundwater wells 1 and 2 had higher cations values (22.1 and 16.6 
mmolc L

-1, respectively) (Table 2). In all wells, the most important contribution was sodium ion (Na+).  
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Table 2. Physicochemical characteristics mean values of underground water, in Limoeiro do Norte, states Ceará, 
Brazil 

N Temp. Turbidity pH EC K+ Na+ Ca2+ Mg2+ Cl- CO3
2- HCO3

- SO4
2- SAR Hardness Cations Anions

 °C NTU (H2O) dS/m ----------------------------------- mmolc L
-1 ----------------------------------- mg/L ---- mmolc L

-1 ---- 

1 23a 6.58a 7.70a 1.26ab 0.16a 16.84a 3.15b 1.90b 5.20a 0.10a 4.20b 1.45ab 10.6a 252.5b 22.1a 10.95ab

2 22a 6.3a 7.80a 1.41a 0.06a 13.27b 2.27bc 1.00b 5.20a 0.10a 7.00a 1.50ab 10.4a 163.5bc 16.6ab 13.8a 

3 22a 4.32b 7.90a 1.46a 0.11a 10.14b 2.14bc 1.65b 5.80a 0.20a 5.40b 1.71a 7.4b 189.5bc 14.0b 13.11a 

4 24a 1.28c 7.60a 1.55a 0.13a 5.93c 4.17a 3.33a 6.40a 0.10a 3.50b 1.13b 3.1c 375a 13.6b 11.13ab

5 23a 1.58c 7.80a 1.15ab 0.12a 7.76c 1.05d 1.19b 3.80b 0.20a 4.60b 1.23ab 7.3b 112c 10.1bc 9.83b 

6 22a 1.02c 7.80a 0.76b 0.05a 3.52d 2.00cd 1.40b 2.40b 0.20a 3.80b 0.59c 2.70c 170bc 7.00c 6.99b 

CV 1.12 12.58 1.99 2.70 12.6 29.10 12.80 15.20 5.74 0.55 18.90 19.2 11.40 11.20 12.80 5.77 

Note. Temp. = Temperature, Turbidity pH, EC (electrical conductivity), Na+ (sodium), Ca2+ (calcium), Mg2+ 
(Magnesium), Cl- (chloride), CO3²

- (carbonate), HCO3
- (bicarbonate), SO4

2- (sulphate), SAR (sodium absorption 
ratio).  

Means followed by the same letters do not differ by Tukey test (P < 0.05).  

 

High levels of Na+ were observed in wells 1, 2 and 3 with values of 16.84, 13.27 and 10.14 mmolc L-1, 
corresponding to 387, 305 and 233 mg L-1, values considered above permitted for drinking water, whose limit is 
200 mg L-1 (WHO, 2011). Considering water for irrigation, wells 1 and 2 have severe restrictions for use by 
sodium absorption ratio (SAR) and Na+ content, whose severity limit is 9 mmolc L

-1 for both (Almeida, 2010, 
p.7). Probably, the higher sodium contents are due to higher water withdrawals from these underground wells, 
associated to the low rainfall period, as a consequence the salts become more concentrated, indicating that they 
need to be cautious about the use of this water for irrigation, choosing crops adapted to these conditions. In the 
municipality of Limoeiro do Norte, Ceará states, Barroso et al. (2010) found lower Na+ values than in this study 
9.03 and 8.03 mmolc L-1, in the months of July and August, respectively. In the Chapada do Apodi-CE, 
Fernandes et al. (2005) found Na+ values ranged 65.4-160.6 mg L-1, corresponding to 2.84 to 6.98 mmolc L

-1. Of 
all cations, Lópes et al. (2019) also found higher levels of sodium in water, but with lower values (48.6 mg L-1) 
than this study.  

For the potassium contents, there was no significant difference between the wells, and the values ranged 
0.05-0.16 mmoc L

-1 (Table 2). The highest contents of calcium, magnesium and water hardness were found in 
well 4 (4.17, 3.33 mmolc L

-1 and 375 mg L-1, respectively). Potassium is an essential element in humans and is 
seldom, if ever, found in drinking water at levels that could be a concern for healthy humans. The recommended 
daily requirement is greater than 3000 mg (WHO, 2011, p. 412).  

The water hardness can originate naturally (dissolution of calcareous rocks, calcium and magnesium-rich) or 
anthropogenic (industrial dumping). The Ca2+ and Mg2+ ions under supersaturation conditions react with water 
anions forming precipitates, which contribute to increase water hardness, especially when associated with 
carbonates and/or bicarbonates. In all wells the total hardness ranged 112-375 mg L-1, but no samples exceeded 
the recommended value for drinking water in according to Consolidation Order n°5 by the Ministry of Health 
(Brasil, 2017), which has the maximum permissible hardness value total for drinking water of 500 mg L-1 of 
CaCO3. Analyzing water quality for irrigation, according to Nakayama and Bucks (1986) wells 1, 2, 3 and 6 are 
considered medium hard, well 4 is very hard and well 5 soft. In general, groundwater has high hardness as one of 
its peculiarities (Rodrigues Neto, 2014).  

The water hardness and higher Ca2+, Mg2+ and bicarbonates contents originate from the dissolution of carbonate 
rocks from the Jandaíra Formation. This geomorphological unit belongs to the Potiguar Basin that is composed 
stratigraphcally, at emerged portion by the Jandaíra Formation (250-300 m thick) above the Açu formation. The 
first is composed by calcitic and dolomitic limestone rocks, whereas the second Açu Formation is composed of 
fine-grained sandstone, with micaceous and kaolinitic clay mineralogy (R. Girão, Moreira, A. Girão, Romero, & 
Ferreira, 2014; Oliveira et al., 2018). This formation constitutes a karst aquifer, where water storage and 
circulation occur in cracks open by calcareous rocks dissolution, and is limited at the base by clayey levels of the 
Açu Formation (Fernandes et al., 2005).  

For total anions, the lowest values were found in wells 5 and 6 (9.83 and 6.99 mmoc L
-1), although they did not 

differ statistically from wells 1 and 4. Analyzing each ion individually, for chloride (Cl-) lower values were 
found in wells 5 and 6 (3.8 and 2.4 mmoc L

-1, respectively) (Table 2). None of the water samples exceeded the 
recommended value for drinking water in according to Consolidation Order n°5 (Brasil, 2017), which has the 
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maximum permissible chloride total value of 250 mg L-1 which is equivalent to 7.05 mmolc L
-1. For irrigation 

use, except for well 6, the other wells have a slight to moderate restriction for irrigation, according to Nakayama 
and Bucks (1986).  

For the carbonate (CO3
2-) values ranged 0.10-0.20 mmoc L

-1 and there was no significant difference between the 
wells. For bicarbonate (HCO3

-) the highest value was found in well 2 (7.0 mmolc L
-1) (Table 2). There are no 

severe restrictions on carbonate or bicarbonate content for irrigation (Nakayama & Bucks, 1986). Barroso et al. 
(2010) found lower values for bicarbonate in groundwater in Limoeiro do Norte-CE (1.72 to 1.95 mmolc L

-1). 
For sulphate (SO4

2-) the lowest value was in well 6 (0.59 mmoc L
-1). Sulphate contents ranged 1.71-0.59 mmoc 

L-1, corresponding to 82.08 to 28.32 mg L-1, values below that considered damage to drinking water according to 
Consolidation Order n°5 (Brasil, 2017), which is 250 mg L-1. 

Total dissolved solids (TDS) combine the sum of all ion particles that are smaller than 2 microns (0.0002 cm). 
This includes all of the disassociated electrolytes that make up salinity concentrations, as well as other 
compounds such as dissolved organic matter. Their presence is associated with sewage dumps, altering 
organoleptic quality of drinking water, causing rejection for human consumption. The TDS values estimated by 
the Qualigraf software ranged from 494-1,007.5 mg L-1 (Table 3). The drinking water standard for TDS is at 
most 1000 mg L-1, with only well 4 reaching this value. For the classification of waters by this criterion, except 
for well 6 that was classified as freshwater, all other wells were classified as brackish water, based on resolution 
Conselho Nacional de Meio Ambiente [CONAMA] (2005). 

 

Table 3. Total dissolved solids (TDS) values estimated by Qualigrafi 2017 and classification of underground 
water in Limoeiro do Norte, states Ceará, Brazil 

Number of underground wells TDS Classification 

- mg L-1 - 

1 819.0 Brackish water 

2 916.5 Brackish water 

3 949.0 Brackish water 

4 1,007.5 Brackish water 

5 747.5 Brackish water 

6 494.0 Freshwater 

Note. Classification based on resolution CONAMA (2005).  

 

Piper diagrams (Figure 1) showed the dispersion of the cation (Ca2+, Mg2+ and K+ + Na+) and anion (HCO3
-, Cl- 

+ NO3
- and SO4

2-) content in groundwater samples. In the cation (Ca/Mg/Na + K) triangle, 83% of the water 
samples were classified as sodium, and only 17% do not contain any dominant cation. In the triangular diagram 
concerning anions, 50 % samples do not contain any dominant anion, 33% bicarbonate, and 17% chloride. In the 
general classification, water from wells 1, 3 and 5 were classified as sodium chloride, 2 and 6 were classified as 
sodium bicarbonate and well 4 as calcium magnesium sulfate. Barroso et al. (2010) classified groundwater in the 
municipality of Limoeiro do Norte-CE as 47.5% sodium bicarbonate, 40.0% sodium chloride. The sodium 
content was higher than the other cations and, the bicarbonate and chloride higher than the other anions, as well 
as in this study. 
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need to be beware about the use of this water for irrigation, choosing crops adapted to these conditions. Data 
were collected during the dry period which may have favored nutrient concentration.  

Water from wells 1, 3 and 5 were classified as sodium chloride, 2 and 6 were classified as sodium bicarbonate 
and well 4 as calcium magnesium sulfate. With the exception of well 6 classified as freshwater, all other wells 
were classified as brackish water. Groundwater samples fall in C3S1 or C3S2 category with high salinity and 
low or medium sodium hazard. With the exception of Na+, whose value was above the limit allowed, no well 
with groundwater was detected chemical hazard for human consumption. There was the detection of Total 
coliforms, but in well 5 the presence of Thermotolerant coliforms was detected.  

When the pathogen is detected, long-term assessments are imperative for understanding the introduction, 
transport, and survival of indicator and pathogenic organisms. Furthermore, when performed on a larger scale, 
such information can be used to develop both statistical and dynamic models to predict when high levels of 
particular organisms may be present. With scientific validation at the local level, the combination of physical 
modeling and real-time measurements could prove more effective than the microbial indicator system at 
preventing human exposure to a wide variety of harmful agents. 
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